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The Electrochemical Properties of Mineral Membranes.

VI. Clay Membranes for

the Determination of Calcium!

~ By C. E. MARsSHALL?2 AND A. D. Avrrs??

Introduction

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

Theoretical Considerations
In all our previous work considerable use has

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

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

(3) (a) C. E. Marshall and W. E. Bergman, THIS JOURNAL, 63,
1911 (1941). (b) C. E. Marshall and W. E. Bergman, J. Phys.
Chem., 46, 325 (1942). (c) C. E. Marshall and C. A, Krinbill, Tu1s
JournaAL, 64, 1814 (1942).

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

(b) Associate

‘been made of the Teorell-Meyer and Sievers

theory of porous, charged membranes. As the
work has progressed it has become evident, firstly,
that certain of its postulates are not fulfilled by
clay membranes; secondly, that quantitative de-
partures from its predictions are generally found.
Necessary modifications of the theory for the
essentially non-porous clay membranes will be
dealt with in a later paper. However, the great
importance of the charge A, which can be regarded
as the thermodynamic activity of the ions asso-
ciated with the membrane material itself, cannot
be denied, and must be taken into account in any
modification of the existing theory. The charge
A, sometimes known as the selectivity constant, is
respons1b1e for the setting up of two Donnan po-
tentials, one near each surface, which have the
effect, in the case of a negatively charged mem-
brane, of greatly reducing the anion activity in
comparison with cation activity. Hence, the
membrane acts as though the anions possess a
greatly reduced or negligible mobility. In the
limiting case the potential across it can then be

- calculated according to the Nernst equation, tak-

ing the cations only into consideration. In the
practical development of membranes suitable for
the determination of various cations, it is impor-
tant in each case to establish the concentration
limits over which accurate results can be obtained.
The upper limit is chiefly determined by the mag-
nitude of A. The lower limit varies in different
cases; it is affected by the hydrolysis of the mem-
brane itself as well as by hydrolysis of salts of
weak bases and strong acids at high dilutions. In
the case of potassium it was shown that using 490°
hydrogen bentonite membranes accurate results
could be obtained in the range 0.1-0.0001 molar.
With divalent cations two factors operate in re-
ducing the charge 4. Since the Donnan equi-
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libria are evaluated in terms of molality, a mem-
brane having a molal charge 4 in the monovalent
case will automatically have a molal charge 4/2
in the divalent case. Hence, the upper limit at
which the Nernst equation is obeyed will corre-
spond to a lower concentration of divalent than of
monovalent cations. Secondly, the dissociation of
divaient cations from charged surfaces is in gen-
eral much less than that of monovalent (hydrogen
excepted). The charge 4 can be regarded as the
product of the cation exchange capacity and the
fraction of cations active or dissociated. It will
therefore be greatly lowered in cases where the
cations are only slightly dissociated from the mem-
brane surfaces. These factors are illustrated in
Fig. 1. The left hand curve is drawn in the
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that calcium activities can only be determined
with this membrane from 0.002 molar downwards.
In order to select the most favorable materials,
curves have been obtained for hydrogen and cal-
cium bentonite (montmorillonite) and Putnam
clay (beidellite) over a range of pretreatments from
300 to 620° (see below).

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

32
THEORETICAL
CURVE FOR

brane. By measuring the poten-

16 mobility ratio within the mem-
—o[ tial when the membrane sepa-
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applicable to different cases have
been discussed by Marshall’
Once the mobility ratios have
been determined it then becomes
possible to devise procedures for
the analysis of mixtures of cat-

5$50° H- PUTNAM CURVE

DISPLACED FOR REDUCTION
OF EFFECTIVE CHARGE

TO DIVALENT CASE.

-
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-PUTNAM
FOR NBscCl

ions.

If clay membranes are treated
as non-porous then a more rigor-
ous alternative theory (to be dis-
cussed in a later paper), relates
4 the potentials observed with dif-

o)
(Divalent cation scale.)

e}

E. m. f., millivolts (monovalent cation scale).
oy
o

ferent salts to the differential
heats of adsorption of the cations
concerned. This theory does not
as yet facilitate the solution of
analytical problems involving
0 mixtures of cations. Hence, in

0 1 . 2 3
Log 1/a,.
Fig. 1.

conventional manner from the Teorell-Meyer and
Sievers equation for the case in which the anion
and cation in solution have equal mobilities, 4 =
1; and the cation activities on the two sides of the
membrane are in the fixed ratio ai/a: = 3.000
throughout. The next curve is that experimen-
tally found for 550° hydrogen beidellite mem-
branes (Putnam clay), using sodium chloride solu-
tions. Transferring to the divalent scale and
allowing for the reduction in A to one-half its
value gives the third curve. Finally, the curve
farthest to the right is the experimental curve for
calcium chloride solutions using the same mem-
brane material. Whereas 4 for sodium chloride
solutions is approximately 0.5, the value for cal-
cium chloride is only 0.026. The practical conse-
quence of this, as may be seen from the figure, is

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

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

-

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

RT ., ok Ux )
E =—%ln — =— 1
F all Uxa M
Calcium salt on one side, magnesium salt on the other
_ RT a:([}a Uca
E = 5F In 20 T (2)

Potassium salt on one side, calcium salt on the other

(5). C. E, Marshall, J. Phys. Chem., 48, 67 (1944),
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aK + I
E = BFI UU In — 2% (3a)
G Ca
—dkaTeagf o Ty

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

1 .

E=RTLl, 9% (3b)
F 2 2Uca -
UK agcs,

The way in which mobility ratios so determined
can be used may be illustrated by examples which
have arisen in investigations of the titration curves
of clay acids with bases. Thus in the mono-
valent-monovalent case we encounter systems
comprising a standard potassium salt on one side
of the membrane and a clay system containing
both hydrogen and potassium ions on the other.
Knowing Un/Uk, a; and aj; (from a glass elec-
trode measurement) it is poss1ble to calculate the
unknown @} by applying the equation

E=Rlpn_ o @
U Us u
K UK H
Similarly in a calcium-hydroxide titration with a
standard calcium solution on one side and a mix-

ture of calcium and hydrogen ions on the other we
have

Un
n_UYVr n
E = RT Aca — QCa — Uca % n 2“%3
- F U U;
2 Gah — o) — {2+ ULog

®

Substitution of the known quantities E, a, o3
and Un/Uc, does not lead immediately to a solu-
tion for ¢&.. This is arrived at by successive ap-
proximation, first putting the algebraic quantity
before the' logarithm equal to one-half and evalua-
ting al,; then using this value to get a better ap-
proximation to the quantity before the logarithm;
finally using this to calculate an improved value of
al. These three operations are generally suffi-
cient. '
Thus the characterization of membrane ma-
terials for analytical use involves both the deter-
mination of the range of activities over which the
Nernst equation is obeyed and a series of mobility
ratios. Good methods for the analysis of mix-
tures can only be developed in cases where the
mobility ratio shows reasonable constancy over a
sufficiently wide range of concentrations.

Experimental Methods

These were essentially the same as those described in
earlier papers dealing with potassium?® and sodium.3
Since the membranes sensitive to calcium have relatively
low resistances (<50,000 ohms) a galvanometer with a
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sensitivity of 0.025 nncroamp per scale division could be
used without amplifier in measuring to 0.1 millivolt. The
cell measured was Hg, Hg,Cly Saturated KCl/Solution
I/Membrane/Solution 11/Saturated KCl Hg,Cl, Hg, the
calomel electrodes being of the special type previously
described with upturned capillary tip containing saturated
potassium chloride in a potassium agar gel. For accurate
resilts fresh calomel electrodes were used Whenever the
calcium concentratlon in II was changed. This is im-
portant, since if an electrode of this type is transferred
from one solution to another, liquid junction potentials
which persist for some time can be set up between that part
of the first solution which diffused into the capillary tip
and the second solution employed. Corrections were ap-
plied for the asymmetry potential of the membranes (only
those membranes were employed whose asymmetry po-
tentials were less than 1 millivolt) and for the small dif-
ferences between different calomel electrodes. All results
were finally corrected to 25°.

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

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

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

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

T ('Y;Ch)
YR (1)

where &, ++ is the activity coefficient of the calcium
ion alone, wyg.c, is the mean activity coefficient of the
calcium chloride, and ygq is that of the potassium
chloride. Thus the data are assembled from which a final
plot of the activity of the calcium ion against the molality
of the calcium chloride could be made. Several such
curves were drawn to cover the whole range from 0.1 to
0.0001 molal in suitable steps. Table I presents the data
as used for making up standard calcium chloride solutions.

(6) T. Shedlovsky and D. A. MacInnes, THIS JOURNAL, §9, 503
(1937).
(7) H. G. McLeod and A. K. Gordon, ibid., 68, 58 (1946).
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(c) Hydrogen Putnam Clay (Fig; 4) —A steady im-

TaBLE I I . . el .
provement in electrochemical properties with increasing

Calcium chloride G. CaClz per

Calcium ion

activity, aca++ molality, m 1000 g. Ha0 temperature of pretreatments may be seen. None are as
0.0001 0.000108 0.01198 good as the corresponding calcium bentonite membranes.

.0003 .000350 .03884 16
.0009 .001150 .12763
.0027 .004250 47167
.0081 .017300 1.91996 14 |
.0243 .077000 8.54546

The Effects of Heat Treatments upon Membrane Po- 12

tentials.—For the four clays used, hydrogen and calcium
bentonite (montmorillonite, fraction <200 mg), and hy-
drogen and calcium Putnam clay (beidellite, fraction
<200 my) the relationships are apparent from Figs. 2-5.

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

-
(=]

-
S

ju—y
N

-
S
I
|

Divalent cation scale, millivolts.

o]

0 2 3 4
Log 1/a,.
Fig. 2.—Hydrogen bentonite with CaCl,.

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

16

14~ oo \?/

450" -

12

o
300 ]

10~ |

Divalent cation scale, millivolts.

0 2 3 4
Log 1/as.
Fig. 3.—Calcium bentonite with CaCl,.

€00 —

10 (— 00—

450"

Divalent cation scale, millivolts.

[
@
o

j’.

(=}
1\

3 4
Log 1 / asz.
Fig. 4.—Hydrogen Putnam with CaCl,.

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

16

14— N

55 00\

12

40o°—\

Divalent cation scale, millivolts.
)
[
]

Ny

0 2 3
Log 1/as.
Fig. 5,—Calcium Putnam with CaCl,.
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The over-all accuracy of calcium ion determinations in
the activity range 0.02-0.0001 using the best membranes
is thus around 2-39%,. Comparisons of calcium ion activi-
ties which are closely alike can be made somewhat more
precisely than this, but even here deviations up to 2%, are
not uncommon.

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

The range of concentrations which can be used in in-
vestigating monovalent/divalent mobility ratios is dis-
tinetly circumscribed by, the fact that if equation 8b is to
be used the activity of the monovalent ion must be small
compared with the act1v1ty of the divalent ion multlphed
* by the mobility ratio divalent cation/monovalent cation.

As will be evident from the data, monovalent/divalent
moblhty ratios vary in most cases considerably with con-
centration. Varying temperatures of pretreatment affect
this variation, but not consistently, and change in a some-
what erratic manner the magnitude of the ratio. Table
1I illustrates the experimental technlque for two cases, one
of wide variability with concentration and one showing
reasonable constancy.

(1) Calcium-Hydrogen Mobility Ratios.—In Table I11
the minimum and maximum values obtained in experi-
ments similar to those of Table II are assembled for clay
membranes pretreated at various temperatures. In
utilizing these data in the selection of membranes best
suited for quantitative work with calcium and hydrogen
it must be remembered that if Ug,/Ug is very small, then
ag is multiplied by a large number (Un/Uca) and varia-
tions in g may. cause more change in the total potential
than variations in ac,. Other conditions being favorable,

CLAY MEMBRANES FOR THE DETERMINATION OF CALCIUM
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the best membranes for this case are those for which Ug,/
Ug comes closest to unity.

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

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

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

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

Thus in work 1nvolv1ng mixtures of calcin and hydro-
gen, such as potentiometric titrations, the most favorable
conditions are afforded by the 350-415° hydrogen ben-
tonite and the 615° calcium bentonite membranes. The
hydrogen ion activity is first measured using the glass
electrode, and by applying equation 5 the calcium ion ac-
tivity can be computed.

(2) Calcium-Potassium Mobility Ratios.—Table III
summarizes the minimum and maximum values obtained
with calcium chloride and potassium chloride solutions in
experiments similar to those with hydrogen chloride.
Two calcium activities, 0.0081 and 0.0027, were employed,
and three potassium activities, 0.001, 0. 00033 and 0. 00011.
The 360 ° hydrogen bentonite membranes gave the highest
calcium/potassium mobility ratios of any tested, with a
moderate degree of variability with concentration.

The 350° calcium bentonite membranes showed con-
siderable variation in mobility ratios, some values being
higher than unity and some lower. However, the 615°
membranes were much more uniform and closely resembled
the 360° hydrogen bentonite membranes in actual values.

TaBLE II ;90 T Pl .

Mean It is interesting to note that a close similarity exists be-
mobility tween 350 ® hydrogen bentonite and 615° calcium bentonite

Membrane ratio, membranes in their calcium/hydrogen mobility ratios.
material aCat+ GH* Uca/Un The hydrogen Putnam membranes showed extreme vari-
615° Calcium 0.0081 0.000549 0.052 ation vgith tfoncentra.tici_il at low tempergturesd0£5pretrﬁat-
ment, but became much more constant beyon 0° where
putnam -0081 -000229 <099 Uca/Ux became greater than unity. For the lower tem-
-0081 -000091 -138 peratures values of Ugs/Ug markedly less than unity were
.0027 .000549 .313 found. Around 450° a considerable change occurs in the
.0027 .000229 .085 electrochemical properties of the hydrogen Putnam mem-
0027 000091 172 bra:nesci. It is dmt%;:h less evident in the calcium/hydrogen

o ) series discussed above.
615° Calcium -0081 -000549 -457 The 465° calcium Putnam membranes showed some
bentonite .0081 .000229 .545 variability, but the 615° membranes were relatively con-
.0081 .000091 466 stant in their Ca/K mobility ratios.
0027 000549 674 Thus in selecting membranes for determinations of cal-
: . . cium and potassium in mixtures the 615 calcium Putnam
.0027 .000229 -615 membranes are superior to the others. With some atten~
.0027 .000091 .496 tion to concentration limits, the 360 ° hydrogen bentonite,
TasLE II1

THE RANGE OF MoOBILITY RATIOS FOR CALCIUM—HYDROGEN AND CALCIUM—POTASSIUM MEMBRANES PREHEATED TO
VArIous TEMPERATURES

Uca/UH, at temp.

Membrane material 350° 415° 465° 615°
H-bentonite 0.49-0.73 0.35-0.71 e
Ca-bentonite 0.13-0.35 Ceeean 0.11-0.28 .46-0.67
H-Putnam 0.021-0.094  ..... 0.057-0.13 .46-0.17 (5695°)
Ca~Putnam  ......... .. vee 0.039-0.085 .052-0.31

Uca/Uxk

H-bentonite 2.9-5.7 (360°) e
Ca-bentonite 0.43-1.81 ceeeee e 2.8-5.0
H-Putnam 0.018-0.33 0.026-0.48 0.80-1.86 1.02-1.86 (595°)
Ca-Putnam  ciiieeee. il 0.59-1.70 2.03-2.61
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615° calcium bentonite and 595° hydrogen Putnam mem-
branes are probably usable. For the potassium deter-
minations alone, membranes insensitive to calcium, such
as the 490° hydrogen bentonite membranes previously
described, are required.

(3) Calcium-Sodium Mobility Ratios.—Only the 615°
calcium bentonite and 615° calcium Putnam membranes
were examined. Aswould be expected, the ratios Uca/Una
were somewhat greater than the corresponding Uca/Ux
values. They showed also more variability with concen-
tration.

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

Summary

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

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

Mobility ratios for calcium-hydrogen, and cal-
cium-potassium were also determined. In many
cases this ratio varied greatly with concentration.
However, the 350-415° hydrogen bentonite and
the 615° calcium bentonite membranes showed
reasonable constancy for Uc,/Un and could be
employed for the analysis of mixtures containing
calcium and hydrogen ions. For calcium—potas-
sitm the 615° calcium Putnam membranes were
the most favorable.

CoLumBIA, MISSOURI RECEIVED SEPTEMBER 29, 1947

[CoNTRIBUTION FROM COLLEGE OF AGRICULTURE, UNIVERSITY OF MISSOURI]

The Electrochemical Properties of Mineral Membranes.

VII. Clay Membranes for

the Determination of Magnesium'

By C. E. MaArszaLL?® aND L. O, Emvg?P

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

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

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

{2a) Professor of Soils, University of Missouri.

(2b) Research assistant and graduate student in Soils and Chemis-
try, respectively.

(3) C.E.Marshall and A. D. Ayers, Tais JOURNAL, 70, 1297 (1048).

(4) Journal series No. 1065 of the Agricultural Experiment Sta-
tion, University of Missouri.

(5) Landolt-Bérnstein, Physikalisch-Chemische
Auflage, 2 Erganzungsband, 2 Teil, 1931.

Tabellen, 5

TABLE I
Magnesium ion Magnesium

activity, chloride Grams MgCl: per

aMg*+ molality, m 1000 g. water

0.0001 0.000106 0.0101
.0003 .000330 .0314
.0009 .001152 .1098

0027 .00398 .379

.0081 .01490 1.419
.0243 .05600 5.340

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

(a) Hydrogen Bentonite.—As in the case of
calcium, the three curves for 300, 350 and 400°
membranes lie very close together. They attain
the theoretical e.m.f. at a slightly lower activity of
magnesium than of calcium. Down to 0.0003
amg++ they give good values, but beyond it the
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14 /9 g -
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2 3 .4
Log 1/a..

Fig. 1.—Characteristic curves for hydrogen bentonite -

(montmorillonite) membranes in magnesium chloride so-

lutions: A4, 400°; e, 465°; @, 500°; O, 600°.
16
(]
n [
12t /l
10} o i
[ ]
8 )
6}

2 3 4
Log 1/a..
Fig. 2.—Characteristic curves for calcium bentonite

(montmorillonite) membranes in magnesium chloride so-
lutions: A, 405°; e, 455°; ®, 500°; O, 550°.

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

(b) Calcium Bentonite.—These membranes
showed considerable improvement with in-
creasing temperature of pretreatment. The 500
and 550° membranes were distinctly superior to
the hydrogen bentonite membranes and the usable
range of magnesium activities extended from
about 0.008 to 0.0003.
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clay (beidellite) membranes in magnesium chloride solu-
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Fig. 4—Characteristic curves for calcium Putnam clay
(beidellite) membranes in magnesium chloride solutions:
0O, 300°; A, 350°; O, 400°.

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

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

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

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

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

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

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

C. E. MaArsHALL AND L. O. EIME
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TasBLE IT* .
Mean
mobility
Membrane ratio
material agat+t aMgt+ Uca/Umg
615° Calcium Putnam 0.0081  0.0081 1.54
.0027 .0081 1.59
.0027 .0027 1.54
.0009 .0027 1.52
.0009 .0009 1.33
.0003 .0003 1.26
.0001 .0003 1.26
615° Calcium bentonite  .0081 .0081 1.52
.0027 .0081 1.51
.0027 .0027 1.40
.0009 .0009 1.29
.0003 .0009 1.34
.0003 .0003 1.24

¢ Determinations by A. D. Ayers.

drogen and calcium Putnam membranes heated to
around 400°. Excluding these, the range covered
is surprisingly similar for the different clays, ex-

- change cations and temperatures of pretreatment.

It would not be possible to select from these two
sets of membranes with widely different Uca/Umg
values, which might be used to determine both cal-
cium and magnesium in a mixture by solving two
simultaneous equations.

TABLE III

THE RANGE OF CALCIruM-MAGNESIUM MOBILITY RATIOS
OF MEMBRANES PREHEATED TO VARIOUS TEMPERATURES

Membrane
material Uca/Umg

300° 360° 400°

H bentonite 1.22-1.37 1.36-1.54 1.55~1.66
405° 455° 500° 615°

Ca bentonite 0.92-1.41" 1.08-1.44 1.12-1.45 1.24-1.52¢
415° 510° 595°

H Putnam 0.55-1.27 1.31-1.45 1.34-1.51

0.64-2.05¢ 1.38-1.55%

405° 500° 550° 615°

Ca Putnam 0.37-1.18 1.17-1.46 1.38-1.55 1.26-1.59

s Determinatons by A. D. Ayers.

(2) Magnesium-Hydrogen Mobility Ratios.
—Table IV summarizes the range of values ob-
tained with magnesium chloride and hydro-
chloric acid solutions. The activity of the mag-
nesium ion was held constant at 0.0027 and that
of the hydrogen ion ranged downwards from
0.00069. The simplified equation which pre-
supposes that ag is small compared with ame was
employed in calculating Un/ Umg (equation similar
to 3b of the preceding paper). Some membranes
gave reasonably constant values. In general,
the higher temperatures of pretreatment gave the
more consistent results. By comparing with
Table III of the preceding paper it is apparent
that the membranes showing the greatest con-
stancy in Uca/Un values are the best also in re-
spect of Umg/Un. The actual values of Umg/Un
are slightly higher than for Uca/Ug in most cases.
The best membranes for use with mixtures of
magnesium and hydrogen ions are evidently the
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TABLE IV
THE RANGE OF M AGNESIUM—-HYDROGEN AND M AGNESIUM—~POTASSIUM MOBILITY RATIOS FOR VARIOUS TEMPERATURES OF
PRETREATMENT .
Membrane
material

H bentonite Pretreatment at 300° 360° 400°
Uwme/Un 0.137-0.201 0.70-0.85 0.81-0.99

Ca bentonite Pretreatment at 405° 455°
Uwme/Un 0.063-0.262 0.250-0.266

H Putnam Pretreatment at 415° 510° 595°
Uwme/Un 0.065-0.139 0.142-0.203 0.126-0.216

Ca Putnam Pretreatment at 550°
Une/Un 0.067-0.24

H bentonite Pretreatment at 300° 360° 400°
Uwme/Uk 0.061-0.602 0.174-0.920 1.60-2.97

" Ca bentonite Pretreatment at 405° 455°

Uwme/Ux 0.021-0.236 0.012-0.185

H Putnam Pretreatment at 415° 510° 595°
Uwne/Ux 0.036-0.128 0.239-0.285 0.185-0.201

Ca Putnam Pretreatment at 500°
Une/Ux 0.333-0.389

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

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

Summary

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

the magnesium ion activity have been examined.

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

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

The magnesium-hydrogen and magnesium-—
potassium mobility ratios were generally variable
with concentration. Fortunately, the 400° hy-
drogen bentonite and 455° calcium bentonite
membranes showed reasonable constancy, so that
magnesium ions may be determined in the pres-
ence of hydrogen jons. The 595° hydrogen Put-
nam membranes showed the greatest constancy in
the magnesium~potassium mobility ratio.

CoLumBIiA, MISSOURI RECEIVED SEPTEMBER 28, 1947
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Kinetics, Mechanism, and Activation Energy of the Cobaltous Ion Catalyzed
Decomposition of Ozone!

By GeEORGE RicuArRD Hinn

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

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

Co** + O; + HyO —> CoOH** 4 O, + HO (1)

HO 4 O3 —> HO; + O @2 -
HO; + CoOH**+ —> Co** + Hy0 + O; (3)
Experimental

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

2.0

=15
3
<
@10
b
+
“ o5

ol Z w

100 200 300 400 500

Time in minutes.

Fig. 1.—The decrease in concentration of ozone at
different cobaltous sulfate concentrations: O, S, (Co*¥),
=6X1075M; O, M, (Cot+)y =12 X 1075 M; @, W,
(Cot+), = 18 X 1075 M; @, Z, (Co++)y = 36 X 10~ M.

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

(2) Taube and Bray, THis JOURNAL, 62, 3357 (1940).

(3) Treadwell and Hall, ‘“‘Analytical Chemistry, Volume II,
Quantitative Analysis,’”” 8th ed., John Wiley and Sons, Inc., New
York, N. Y., 1935, p. 620.

from these data.  The concentration of ozone remaining
in the individual reaction vessels after different time
intervals was determined using exactly the same procedure.
In none of the ozone analyses did the concentration of
cobalt ion exceed 19, of the total oxidizing agent present
SO 1(110 correction for oxidation of iodide by cobaltic ion was
made.

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

Data and Discussion

The reaction was first order with respect to ozone
asis shown in Fig. 1. The linear curves are plots
of In (O3);/(0s); vs. time at different concentrations
of cobaltous ion. The data for the upper curve on
the graph include 8 additional co-linear points de-
termined at longer times.

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

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

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

- ‘d(Oa)/dt = £1(05)(Co**) + k2(05)(HO)
At the steady state
A _ dEHO) _
-
Therefore
k1(0)3(Co**) = k2(05)(HO) = ks(CoOH *+)(HO,)
Since (Co*),, (total cobalt ion) = (Co**) + (CoOH*¥)
_ k1(O3)
(Cot*) = (Co**)o/1 + % (H09)
and
— d(0s) _ 2k1(0s)(Coth)g _ 2k(0s)(Cot )
d: k(0 (CoOH*H)
It n@oy 1T o

(4) Kolthoff and Langer, THIS JOURNAL, 62, 3172 (1940).
(6) L. E. Smith, sbid., 47, 1844 (1925).
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This expression will give first order dependence
on initial cobaltous ion concentration and on ozone
concentration if the second term in the denomina-
tor does not change appreciably during a given ex-
periment. The value of 2k;/1 + [(CoOH*+)/
(Cot+)] at 0° as determined from a plot of rate
9s. cobalt ion concentration is 28 mole~! min.™%
Spectrophotometric rate measurements leading to
the explicit evaluation of %; are now being under-
taken,

Determination of Activation Energy.—In order
to evaluate the heat, entropy, and free energy
of activation for the reaction, additional experi-
ments were undertaken at 17.4°, 24.1° and 30.6°.
It was found that the spontaneous decomposition
of ozone was important at these temperatures and
the rate of that reaction determined. The un-
catalyzed reaction was found to be of the same or-
der with respect to ozone as the catalyzed reac-
tion.! In Table I are given the values for total
rate of ozone decomposition, the rate of the un-
catalyzed reaction, and the rate of and rate con-
stant for the catalyzed reaction. From a plot of
the rate constants (divided by the frequency fac-
tor kT°/k) vs. reciprocal temperature, the following
data were obtained: AH* = 9,000 cal., ASt =
—19 E. U., AF};, = 14,700 cal. The constants
in terms of the Arrhenius equation are: Eeyp =
9,600 cal. and 4 = 2 X 108

TABLE 1

RATE CONSTANT DATA FOR OzZONE SOLUTIONS CONTAINING
0.0 AnND 1.4 X 10~* M CoSO, ’

k'(Co++),,
Total rate of Rate of rate of

Temp., decomposition uncatalyzed catalyzed
°C. (ln (Os)/time) decomposition decomposition k'
0 3.3 X107 0 3.3 X107 28
17.4 9.7 X 10~% (.02 X 10~% 9.68 X 10~¢ 69
24.1 17.5 X 1073 1.0 X 1073 16.5 X 103 118
30.6 28.7 X 1073 4,1 X 10™% 24.6 X 103 176

Reaction in the Presence of an Inhibitor,
Acetic Acid.—The reaction remains very nearly
first order with respect to ozone—in a particular
run the rate increases slightly as the ozone
concentration becomes low. The data in Fig. 2
show that the rate of decomposition of ozone de-
creases with increasing acetic acid concentration to
a limiting value of 8 mole—! min.—! at 0°. The
concentration of perchloric acid and of cobalt sul-
fate were the same as in the uninhibited reactions.
A ratio of acetic acid to cobaltous ion of 2:1 ef-
fects a decrease in the rate to 10 mole~! min.~%,
These data suggest that in the equilibrium
CoOH++ 4 HAc & CoAct++ H,0, whose con-

(6) Sennewald, Z. physik. Chem., A164, 305-317 (1933).
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Fig. 2.—Decrease in concentration of ozone at different
concentrations of acetic acid: @, (HAc) = 56 X 10~¢ M;
+, (HAc) = 5.6 X 107¢ M; O, (HAc) = 2.8 X 10~* M;
®, (HAc) =028 X 1074 M; @, (HAc) =0.0M. (Co**),

=14 X 1074 M and (H*) = 0.2 M in each run.

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

_d(0y) _ 2k1(05) (Cot+)o
dr (CoAct™)
14 “Co™ ) [1 + 1/K(HAc)]

A decrease in the ratio (CoAc*+)/(Cot++) during
the run would account for the observed increase in
rate at low ozone concentrations.

Summary

1. The heat, entropy, and free energy of activa-
tion have been determined for the cobaltous ion
catalyzed decomposition of ozone in acid solution.

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

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

4. Differential equations have been obtained
which represent the rates of the reactions in the
presence and in the absence of acetic acid.

SALT LAKE City, UTAH  RECEIVED SEPTEMBER 26, 1047
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Kinetics of the Hydrolysis of Ethyl Thiolacetate in Aqueous Acetone!

By JoHN R. SCHAEFGEN

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

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

Experimental

Ethyl thiolacetate was prepared in 779, yield (b. p.
112-115°) by treating ethyl mercaptan with acetyl
chloride. The thiolester was purified by fractionally dis-
tilling it from anhydrous potassium carbonate through a
short packed column. A center constant boiling fraction
(118.5° (735 mm.)) was used in the rate studies. This
fraction had a refractive index #2°.°p 1.4583 and a density
d?, 0.9792. The saponification equivalent was somewhat
erratic giving both high and low values depending on the
solvent and the length of time allowed for complete

hydrolysis. The average value was close to the theoretical,
however.
—1.0 \
®_qat
1
N
&
Ho_14f
bl 1.6 1 1 ] 1
0 40 80 120 160

Time in hours.

Fig. 1.—The acid catalyzed hydrolysis of ethyl thiol-
acetate at 40° in 24.69, acetone—water solution: thiol-
ester, 0.1034 M; HCI, 0.0985 M.

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

(2) W. Michler, Anxn., 176, 177 (1875); E. E. Reid and co-workers,
Am. Chem. J., 43, 489 (1910); THis JoURNAL, 38, 2746 (1916);
89, 1930 (1917).

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

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

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

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

Discussion and Results

Acid Catalyzed Hydrolysis.—The rate of the
acid catalyzed hydrolysis was found to be first
order with respect to thiolester concentration in
accord with the rate equation

dx/dt = k(a — x)[H] (1)
where a is the original concentration of thiolester

and x is the amount of thiolester hydrolyzed in
time . On integration equation (1) becomes

2.303log (a — x) = —k[H¥t 4+ C

Graphs of log (¢ — x) vs. ¢t were prepared (such as
shown in Fig. 1) to obtain the values of Z[H™].
The data for acid catalyzed hydrolysis are sum-
marized in Table I. The lower value of the rate
constant observed in the solution 0.2952 A in thi-
olester may be attributed to the decrease in water
content of the solution as the hydrolysis proceeds,
and to solution of the thiolester in the mercaptan
layer formed during the reaction. The rate of the
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reaction is directly proportional to the hydrogen
ion concentration (z. e., initial hydrochloric acid
concentration), k therefore being independent of
the hydrogen ion concentration. The lower value
of the rate constant observed in the case of the
0.2808 M hydrochloric acid solution is probably
due to experimental error since there is no trend in
the values of 2 with increasing hydrochloric acid
concentration.

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

TABLE 1
RATE CONSTANTS AND ACTIVATION ENERGIES FOR THE
Acip CaraLvzep HYDROLYSIS OF ETHYL THIOLACETATE IN
AQUEOUS ACETONE SOLUTIONS

Temp. Initial concn. (m./1.) k)EHIB; kX 104 E,
wt. % °C. Thiol- 1./m./ 1./m./ cal./
acetone =0.03 ester HC1 min. min mole
24.6 30.00 0.1050 0.0995 4.81 4.83 17,500

40.00 .1034 .0985 12.1 12.3
43.0 30.00 .1030 .1025 2.60 2.54 18,000

30.00 .0986 .2808 6.04 2.15

30.00 .0986 .4700 11.5 2.44

30.00 .2952 .0998 2.10 2.10

40.00 .0975 .1006 6.54 6.50
62.0 30.00 .0995 ,1009 1.35 1.34 18,000

40.00 .0985 .1007 3.52 3.49

Alkaline Hydrolysis.—The rate of the alkaline
hydrolysis of ethyl thiolacetate in aqueous ace-
tone solution was found to be second order and
to proceed according to the equation

CH,;COSCH; + 20H~ —> CH,COO0~ + C.HsS™ + H:0
a—x b — 2x x x

Integrating the rate expression

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

Log [(e — x)/(b — 2x)].

1 ) 1 1
0 2 4 6 8
Time in minutes.
Fig. 2—The alkaline hydrolysis of ethyl thiolacetate
at 20° in 43.09), acetone-water solution: thiolester,
0.0321 M; NaOH, 0.1287 M.
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tion of the hydrolysis, as shown in Fig. 2. If b =
2a, equation (2) on integration gives

1/(a — x) = 2kt + C’ “)
Accordingly, 1/(a — x) is linear with £ in this case
(Fig. 3).

16

I 1 1
0 2 4 6 8
‘Time in minutes. .
Fig. 3.—The alkaline hydrolysis of ethyl thiolacetate at
20° in 43.0%, acetone—water solution: thiolester, 0.0574
M; NaOH, 0.1150 M.

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

TaBLE II
RATE CONSTANTS AND ACTIVATION ENERGIES FOR THE
ALkALINE HyDROLYSIS OF ETHYL THIOLACETATE IN
AQUEOUS ACETONE SOLUTIONS

Temp. Initial concn. (m./1.) k (av.)e E,
wt. % °C. Thiol- 1./mole/ cal./ Log
acetone =0.03 ester NaOH min. mole P%
24.6 10.00 0.0319 0.0637 1.25 13,000 10.2
20.00 .0369 .0735 2.80
30.00 .0319 .0636 5.82
43.0 10.00 .0570 .1148 0.86 13,800 10.6
20.00 .0290 .0581 1.91
20.00 .0286 .1150 1.98
20.00  .0574 .1150 1.98
30.00 .0301 .0601 4.39
62.0 10.00 .0401 .0810 0.638 14,400 10.9
20.00 .0401 .0802 1.54
30.00 .0394 .0795 3.45 °

¢ FEach of these values is the average of two experiments,
the maximum deviation of any value from the mean being

3%.

activation was determined are shown in Fig. 4.
Values of log PZ were calculated from the Arrhen-
ius equation. The rate constant is shown to be in-
dependent of thiolester and base concentrations
over the small ranges of concentration investi-
gated.

Comparison with Ester Hydrolysis.—The hy-
drolysis of ethyl thiolacetate in 62.09, acetone
solution is compared to that of ethyl acetate in
the same medium in Table III. The rate con-
stant for the acid catalyzed hydrolysis of ethyl
acetate at 30° is about thirty times as great as that
for ethyl thiolacetate. This difference in %k can
be attributed almost entirely to the small differ-
ence in observed activation energy since the log
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08 ©24.6% AGETONE
©43.0% ACETONE
B ©62.0% AGETONE
o 0.4
3
0.0
1 ] !

3.3 3.4 3.5 3.6
(1/T) X 10%
Fig. 4.—The alkaline hydrolysis of ethyl thiolacetate
in aqueous acetone. The change of rate constant with
temperature,

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

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

TaBLE IIT

COMPARISON OF THE HYDROLYSIS OF ETHYL ACETATE AND
EtaYL THIOLACETATE IN 629%, ACETONE SOLUTION
CH;COOC:Hs¢ CH;COSC:Hs

Acid k at 30° 42,7 X 1074 1.34 X 104
catalyzed 40° 101 X 1074 3.49 X 10—+
hydrolysis | E (kcal./mole) 16.2 17,8

: logiw PZ 9.3 9.0
k at 20° 2.13 1.54

Alkaline 30° 3.74 3.45

hydrolysis | E (kcal./mole) 9.80 14.4
logi PZ 7.6 10.9

¢ From the data of Davies and Evans, ref. 3.

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

CHaC\SR 4+ H,0 + H+* = CHs—C<81§2

cmelon, | = [cmedon |

£ .04

a\SR{l < [ N8R
H

CH /8H — Z’O
Zon CH,C + RSH + H*
SR | = Nou

H

(4) T. Lowry, J. Chem. Soc., 127, 1381 (1925); I. Roberts and
H. Urey, THIS JOURNAL, 61, 2584 (1939); O. Mumm, Ber., T2, 1874
(1939).
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It should be noted that the addition of the nucleo-
philic oxygen of the water molecule in the rate
controlling first step is favored by polarization of
the carbon to sulfur bond; however, the corre-
sponding carbon to oxygen linkage in esters is rela-
tively more polar and the activation energy
would therefore be expected to be somewhat lower
in the case of ester hydrolysis, in accord with ob-
servation (see Table III).

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

o (O
CH"C<m;, + OH- —> cmc{on -

9 )2
NI\

H—OH H---OH

0
cH,eZ 4+ ROH + OH-(5)
NoH

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

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

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

(6) C. K. Ingold and E. H. Ingold, J. Chem. Soc., 756 (1932);

J. N. E. Day and C. K. Ingold, Trans. Faraday Soc., 37, 686 (1941);
L. P. Hammett, ‘“Physical Organic Chemistry,”” McGraw-Hill

Book Co., New Yeork, N. Y., 1940, p. 355.

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

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

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

0 o-
/7 - —> cu,c£on
cmed o+ OH~ T CH:CC OH—>
cu,c/ ° + RS~ (6)
“OH

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

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

Summary

A kinetic study of the acid catalyzed and the al-
kaline hydrolysis of ethyl thiolacetate in aqueous
acetone has been made. The acid catalyzed hy-
drolysis is first order with respect to thiolester and
with respect to hydrogen ion concentration. The
basic hydrolysis is second order. The activation
energies are as follows: acid catalyzed hydrolysis
17,800 cal./mole; alkaline hydrolysis 13,000 cal./
mole (24.69, acetone solution), 13,800 cal. (43.0%
acetone), and 14,400 cal. (62.09, acetone).

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

(10) R. A. Fairclough and C. N. Hinshelwood, J. Chem. Soc.,

538 (1937); C. N. Hinshelwood, K. J. Laidler and E. W. Timm, #bid.,
848 (1938); R. A. Harman, Trans. Faeraday Soc., 835, 1336 (1939).
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Reactions of Furan Compounds.

IX. Catalyzed Rearrangement of 2,3-

Dihydropyran into Cyclopentanone!

By CHRISTOPHER L. WILSON

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

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

1947.
(2) British Patent 565,175, Bremner, Jones and Taylor.

¢y ﬂ _Iﬁlﬂ; m (I1)

o/ \O/
lN i Hp/Ni
(I1I) l‘_— co
C4Hs
N\CO. CHyp

The yield of cyclopentanone, calculated on con-
sumed dihydropyran, under favorable circum-
stances attained almost 309, but the reaction was
always accompanied by fission. Replacement of
added hydrogen by nitrogen suppressed to some
extent both fission and reduction but the rear-
rangement was only affected to a minor extent.
Thus hydrogen does not appear to be essential for
this reaction. On the other hand, the catalyst to
be active must be so for all three processes and
deterioration toward one reaction is accompanied
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by inactivation in the other two. These features
are illustrated by Tables I and II. -

TABLE 1
REACTION OF DIHYDROPYRAN VAPOR OVER A NICKEL
CATALYST
Input: Dlhydropyran, 84 g. for each éxperiment during
two hours. Experiments consecutive without catalyst
reactivation
@ —_ Products (g.)
- i d Unch d -C4H ‘ OJ
e A U IS O \c
100 H; 45 0 0 77 0
200 H, 25 7.5 3.3 61 0.9
200 N, 25 63 0.1 0 2.9
250 N; 10 44 44 1.9 9.2
300 H, 25 19 11.0 7.5 8.8
300 N, 10 21 11.0 3.1 7.1
TaBLE II
REACTION OF DIHYDROPYRAN VAPOR OVER A COBALT
CATALYST )
Input: Carrier: 10 1./hr., dihydropyran, 84 g. for each

experiment during two hours. Experiments consecutive
without catalyst reactivation

N
l ” —~————Products (g.)————
o/ I
Un-
Temp., changed
°C. Carrier (g.) n-CiHie n-CiHs C
250 H, 27 3.9 1.6 33 7.2
250 N; 65 0.1 0.1 3.7 6.6
300 H. 29 4.2 3.6 8.3 10.0
300 N, 54 0.2 0.6 - 0.9 5.0
300 H. 63 0.1 0.1 3.2 2.7

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

(8) Paul, Bull. soc. chim., 53, 424 (1933).

(4) Paul, ibid., 2, 751 (1935).
(5) Part VII, THIS JOURNAL, 69, 3002 (1947).

CHRISTOPHER L. WILSON

Vol. 70

tane aldehyde.® This compound, however, could
not be detected but its intervention was not dis-
proved. It has since been noted that cyclobutane
aldehyde (VII) on heating in the presence of cer-
tain acidic substance rearranges to cyclopenta-
nene.” Since this ketone was absent from the py-
rolytic products from dihydropyran the interven-
tion of the cyclic aldehyde would appear to be ex-
cluded. The catalysed rearrangement of course
might proceed in quite another manner, and cyclo-
butane aldehyde might intervene here before be-
ing transformed into cyclopentanone.

av) —“| 110-115°
—
LO /' CH;MgBr \l)
o

H
" D — ()
o —CH, o
(VII) 130-135°
Moo — )

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

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

Experimental

Catalysts,—These were used in the form of granulated
(4-16 mesh) sintered powders. They were placed in the

(6) Part VIII, ibid., 69, 3004 (1947).

(7) Venus-Danilova, J. Gen. Chem. (U. S. S. R.), 8, 1179 (1938);
C. 4., 83, 4203 (1939).

(8) Part 111, J. Chem. Soc., 54 (1945).

(9) Farkas, Farkas and Rideal, Proc. Roy. Soc. (London), A146,
630 (1934).
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catalyst chamber consisting of a Pyrex glass tube, 1.7 in.
diameter, and heated electrically. The metal was ac-
tivated by oxidation in a stream of air at 500 ° followed by
slow reduction below 300° with hydrogen. The weight
of each catalyst and the amount of water produced at the
first reduction was ‘as follows, pure nickel (2500 g., 250
cc.), pure cobalt (2300 g., 859 cc.), nickel-copper (509
of each, 2500 g., 607 cc.) and cobalt—copper (509, of each,
2500 g., 425 cc.). Copper chromite (750 g.) prepared
by the usual precipitation method was inactive at 225°
and 350°. The catalysts were reactivated by oxidation
and reduction as above.

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

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

The fraction of the products collected between 20 and
100° boiled mainly between 70 and 90°. It appeared
to contain only di- and tetra-hydropyrans in addition
to a little water. The organic substances were estimated
in one of three ways depending on the accuracy desired,
each method being checked using authentic mixtures.
The most accurate was to weigh the precipitated &-
hydroxyvaleraldehyde 2,4-dinitrophenylhydrazone formed
by adding a weighed sample to excess of a saturated solu-
tion of the hydrazine in hydrochloric acid (2 N); the ac-
curacy was 1% with a mixture of equal amounts of the
pyrans. A second method, accurate to 69, with the same
mixture of pyrans, was to measure the reduction in weight
of a sample (5 cc.) after shaking with hydrochloric acid (2
N) saturated with sodium chloride. Shaking and separa-
tion were carried out in a micro-separatory funnel. This
method was only reliable when the pyrans were present
in approximately equal amounts. The third method
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depended on titration of a sample with bromine (about
M) dissolved in aqueous acetic acid (50%) containing
sodium acetate (59,). The last method was the most
rapid but least reliable.

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

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

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

The nickel-copper catalyst was investigated only at one
temperature (275°). Dihydropyran (84 g.) was passed
over the catalyst with hydrogen (24 1./hr.) during two
hours. The product contained z-butane, b. p. 0-2°
(6 g.), tetrahydropyran, b. p. 87-89° (44 g.), and cyclo-
pentanone, b. p. 129.5-130.5° (7.5 g.), 2,4-dinitrophenyl-
hydrazone, m. p. 142-143°, m. m. p. with an authentic
specimen (m. p. 144-145°) was 142-143°, There was no
unsaturated material.

Summary

2,3-Dihydropyran has been shown to undergo
three simultaneous reactions when passed with
hydrogen over catalysts containing nickel or co-
balt at a temperature of 200° or above.

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

The mechanism of the reactions is discussed.

Nortre DAME, INDIANA RECEIVED AUcUST 18, 1947

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF NOTRE DAME]

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

By CHRISTOPHER L. WILSON

Reference was made some years ago! to the
formation of small amounts of 2-pentanone (II)
and 2-pentanol (IIT) during the gas phase reduc-
tion of methylfuran (I) to tetrahydromethylfuran
(IV). Experiment has now shown that either tet-
rahydromethylfuran or 2-pentanone can be the
major product depending on conditions. Results
obtained using a nickel catalyst at various tem-
peratures are shown in the diagram. At 100° the
chief product (869, yield) was tetrahydromethyl-
furan but as the temperature was raised the quan-
tity decreased and ketone appeared in increasing
amounts attaining a maximum (yield 75%) at
about 185°. Along with the ketone a small quan-

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

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

Other metallic catalysts such as cobalt and mix-
tures of nickel, cobalt or iron with copper as well
as copper chromite also gave some ketone but a
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detailed study of their behavior has not been has been presented before* to account for the

made.
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Fig. 1.—Products from methylfuran and hydrogen over
a nickel catalyst at various temperatures. Each point
corresponds with the passage of 41 g. of methylfuran
and 80 liters of hydrogen over the catalyst in two hours.
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to propose a reaction mechanism. It is particu-
larly uncertain to identify the chemical steps of a
catalytic reaction by duplicated experiments with
possible intermediates since the conditions on the
surface are no longer comparable. Experiment
has shown that tetrahydromethylfuran on pas-
sage over the catalyst with hydrogen below 200°
does not give any ketone. If we ignore the criti-
cism just made of this type of experiment, this
fact indicates that ring fission must occur before
ring saturation. It may occur therefore either in
methylfuran itself or a derived dihydro- com-

At present there is little

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

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

It will be recalled? that the reaction of tetrahy-
drofurfuryl alcohol vapor with a nickel catalyst
gave rise to many products including some 2-pen-
expressed that the ketone arose by fission of
methylfuran which was formed from furfuryl alco-
hol present as an impurity in the commercial tet-

rahydro-alcohol.

Experimental

Materials.—Methylfuran, b. p. 63-64°, was prepared
by reduction of furfuraldehyde using a copper chromite
catalyst at 275°. The feed rate was 48 cc. of furfural
and 45 liters of hydrogen per hour. The product was
distilled, dried over sodium hydroxide and redistilled.

Catalysts.—The description of these excepting iron—
copper and pure copper was given in the preceding paper.

Iron—copper sintered powder (4% copper, 2200 g., 4-16
pound. mesh) was oxidized at 550° and reduced below 400° giving
H,/Ni H,/Ni
e, = e = )
o CH; o CH, 0 CH,
I v IV
lH,O*‘ lH;O*‘ Ha/Ni
H,/Ni
CH,COCH,CH,CHO ——2/—> CH,COCH,CH,CH,;OH CH,;COCH,CH,CH; II
(dinitrophenylhydrazone)
VII VI CH;CH(OH)CH,CH,CH; III

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

Evidence for the formation of this compound

(2) Wilson, J. Chem. Soc., 54 (1945).

64 cc. of water. The pure copper contact material was
produced by reducing the granular oxide (1840 g.) below
200°, This metal failed to have any effect on methylfuran
either at 280 or 320°. On the other hand, copper chromite
gave a 529, yield of 2-pentanone at 340° together with a
little pentanol. ‘

Cobalt-copper gave rise to rather more low-boiling
materials. The yield of ketone was about 609 at 350°.
Iron-copper at 350° gave ketone (4.0 g.), tetrahydro-

(3) Topchiev, Compt. rend. Acad. Sci., U. R. S. S., 19, 497 (1938);
C. A., 82, 8411 (1938).

(4) Schniepp, Geller and Von Korff, THIS JOURNAL, 69, 672 (1947).

(5) Harries, Ber., 81, 41 (1898).
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methylfuran (10.8 g.) and unchanged methylfuran (16.1
g.) from an input of 41 g.

Isolation and Analysis of Products.—The products
from the reaction chamber were caught in a trap at —78°
and freed from water either by filtering with exclusion
of atmospheric moisture through a small sintered glass
funnel kept very cold or by using anhydrous magnesium
sulfate. Distillation was effected at atmospheric pressure
with a 12-plate fractionating column. Methylfuran con-
stituted most of the fraction, b. p. 60-70°. The amount
was checked by conversion into the maleic anhydride
adduct using benzene as solvent. Tetrahydromethyl-
furan was present in the fraction b. p. 70-90° (most 79—
80°); 2-pentanone distilled mainly between 101 and 103°,
the fraction being collected between 90 and 110°. This
fraction was shaken with saturated aqueous bisulfite and
correction applied for the small amount of non-ketonic
material. The distillation residue contained 2-pentanol,
usually too little for separation by distillation. The ma-
terial from several experiments was collected, any ketone
removed by bisulfite and the material shown by distilla-
tion to contain 809, of b. p. 117-120°. The figures for
2-pentanol are perhaps the least accurate of those recorded.

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

Reduction of 2-Pentanone.—The ketone (15 g.) was
passed with hydrogen (15 1./hr.) during thirty minutes
over the nickel catalyst at 100°. The product consisted
of unchanged pentanone (20 g.) and 2-pentanol (12.3 g.).

Dehydrogenation of 2-Pentanol.—The alcohol (10 g.)
was passed over the nickel catalyst at 225° together with
hydrogen (801./hr.). The product contained 95% ketone.
Similar results were obtained at 250°.

Tetrahydromethylfuran.—The cyclic ether, b. p. 80-
81° (80 g.), was passed during one hour together with
hydrogen (30 1./hr.) over nickel at 250°, No ketone was
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produced but there was considerable gas formation. At
100° the compound was recovered unchanged.

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

Anal. Caled. for C;;H;605Ns: C, 44.3; H, 3.5; N,
24.2, Found: C,44.4; H, 3.5; N, 24.2.

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

Summary
The variation of products with temperature in

the reaction of methylfuran vapor with hydrogen

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

Other catalysts containing cobalt, copper and
iron also resulted in ketone formation but a de-
tailed study of their behavior was not made.

NOTRE DAME, INDIANA RECEIVED Avucusr 18, 1947

[CONTRIBUTION FROM THE NOYES CHEMICAL LABORATORY, UNIVERSITY OF ILLINOIS]

A Low Pressure Reductive Alkylation Method for the Conversion of Ketones to
Primary Amines? :

BY ELLIOT R. ALEXANDER AND ALICE LOUISE MISEGADES?

It is well known that carbonyl compounds can
be hydrogenated in the presence of ammonia to
produce mixtures of primary, secondary, and
tertiary amines.® Originally the reaction was
carried out by the hydrogenation of the carbonyl
compound in ethanol, saturated with ammonia,
at low pressure over a nickel catalyst.® Better
yields and more reproducible results, however,
have been obtained over Raney nickel with hydro-

" gen pressures of 20 to 150 atmospheres at tempera-
tures ranging from 40 to 150°.3%.3c This tech-
nique, while readily carried out, requires high
pressure apparatus which is not always available.
Accordingly, it was the object of this work to im-
prove Mignonac’s low pressure reductive alkyla-

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

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

(3) (a) Mignonac, Compt. vend., 172, 228 (1921); (b) Schwoegler
and Adkins, TH1S JOURNAL, 61, 3499 (1939); (c) Winans, sbid., 61,
3566 (1939).

tion reaction for the preparation of primary
amines.

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

ioroET
R—N: + |:HNH:| -
i H

H (]

I
R——I|\I—H + :1%1——1{ (1)
H

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

TABLE 1

REDUCTIVE AMMONATION OF CARBONYL COMPOUNDS IN
THE PRESENCE OF AMMONIUM CHLORIDE

Ketone or aldehyde Yield,

used in preparation® Primary amine prepared %
Isobutyraldehyde Isobutyl- 10
Methyl isopropyl ketone 1,2-Dimethylpropyl- 32
Cyclohexanone Cyclohexyl- 44-50
Methyl isobutyl ketone 1,3-Dimethylbutyl-* 57-65
Benzaldehyde Benzyl-° 14
Dipropyl ketone 1-Propylbutyl- 38-59

Diisopropyl ketone 1-TIsopropylisobutyl-? 55

Methyl z-amyl ketone 1-Methylhexyl- 40
Acetophenone 1-Phenylethyl- 69
Propiophenone 1-Phenylpropyl- 65
Phenylacetone 1-Benzylethyl- 52
Methyl B-naphthyl ketone 1-g-naphthylethyl-® 53
Benzophenone Benzhydryl- 34

o Freshly distilled commercial products were used in
all cases. ®Mailhe, Compt. rend., 172, 693 (1921).
© The bulk of the product (71%) was dibenzylamine.
4 Reference 3b. ¢ Blicke and Maxwell, THIS JOURNAL,
61, 1781 (1939).

It will be observed that the method was only
partially successful in preventing the formation
of secondary products but that the yields from
ketones are quite comparable to those obtained
at higher pressures and temperatures.?? In the
case of isobutyraldehyde, benzaldehyde, methyl
isopropyl ketone, cyclohexanone, methyl n-amyl
ketone, and phenylacetone, considerable amounts
of secondary amines were observed. With less
reactive ketones such as methyl isobutyl, di-n-
propyl, diisopropyl, acetophenone, propiophe-
none, methyl 8-naphthyl, and benzophenone there
appeared to be very little secondary amine forma-
tion. Presumably, the formation of a secondary
alcohol was a competing reaction although this
point was not investigated.

The improvement ammonium chloride made
upon the yield of primary amine can be illustrated
with acetophenone and methyl isobutyl ketone.
When the reaction was carried out in the ab-
sence of ammonium chloride yields of 37 and 499,
respectively, were obtained. Table I shows that
yields of 69 and 57-659, were obtained for the
same reactions in the presence of ammonium chlo-
ride.

ErvLior R. ALEXANDER AND ALICE L. MISEGADES

Vol. 70

Experimental

Reductive Alkylation of Ammonia with Ketones.—An
apparatus similar to the one described by Adams and
Voorhees?. was used for the reaction. The carbonyl com-
pounds were all redistilled before use.

In a 300-ml. reduction bottle containing 1¢ ml. of dis-
tilied water, 0.2 g. of platinum oxide® was reduced to
platinum by shaking in an atmosphere of hydrogen for
about ten minutes.® The ketone (0.3 mole), ammonjum
chloride (20.0 g., 0.37 mole), 225 ml. of absolute methanol
saturated with ammonia, and 25 ml. of aqueous ammonia,
were added and the mixture was reduced by shaking with
hydrogen at one to three atmospheres. Hydrogenation
was continued until a constant pressure reading indicated
that reduction had ceased. The shaker was then stopped,
The bottle was vented, and the catalyst was allowed to
settle. ‘The platinum was removed by filtering the mixture
through a Hirsch funnel into a one-liter round-bottomed
flask and any salt which collected on the filter was rinsed
down with water or methanol. The flask and contents
were then removed to a hood and refluxed under a con-
denser for one hour to remove the excess ammonia.

When the excess ammonia had been removed, the solu-
tion was cooled, acidified to congo red paper with concen-
trated hydrochloric acid, and evaporated to about one-
half of its volume under vacuum. Water (200 ml.) was
added and the solution extracted with three 25-ml. portions
of benzene. The benzene extracts were discarded. The
aqueous solution was then made strongly basic with 509,
sodium hydroxide solution, the two layers which formed
were separated and the water layer was extracted three or
four times with ether. The ether extracts and the oily
iayer were then combined, washed with water and dried
over potassium hydroxide. The primary amine was
purified by distillation through a 13-cm. column packed
with glass helices. The boiling points found agreed well
with those recorded in the literature.

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

Summary

Experimental conditions have been described
for the low pressure hydrogenation of a mixture of
a ketone and ammonia to the corresponding pri-

‘mary amine. The reduction was carried out over

platinum oxide in methanol saturated with am-
monia in the presence of excess ammonium chlo-
ride. In general the yields were comparable to
those obtained with high pressure equipment.

URBANA, ILLINOIS RECEIVED OCTOBER 18, 1947

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

(5) Obtained from the American Platinum Works, Newark, N. J.

(6) When an attempt was made to omit this step a long induction
period occurred and reduction appeared to proceed much more
slowly than normally.
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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF DUKE UNIVERSITY]

Chloro- and Dichloro-bis-(trichloromethyl)-benzenes!

By C. K. BRADSHER, P. M. Gross, M. E. Hosss, R. S. KirtiLa, L. RAPOPORT,? P. TARRANT? AND
G. WesTt*

In the course of a program of indirect fluorina-
tion carried out in this laboratory, it became nec-
essary to prepare some bis-(trichloromethyl)-ben-
zenes containing a chlorinated nucleus. A few
such compounds have been mentioned previously,
chiefly in the patent literature,’578% but with
little information as to details of preparation or
physical constants. A description of the prepara-
tion, physical constants, and, where possible, the
proof of structure of some compounds of this class
forms the subject of the present communication.

Our investigation followed two general lines,
the nuclear chlorination of bss-(trichloromethyl)-
benzenes and the chlorination of the methyl
groups of chloroxylenes. In the nuclear chlorina-
tion of 1,3-b7s-(trichloromethyl)-benzene (I), chlo-
rine enters the position meta to the two trichloro-
methyl groups to yield the new 5-chloro-1,3-bis-
(trichloromethyl)-benzene (II). Hydrolysis of

(I:Cl; (I:CL’.
Cl, + Fe
—_—
ek o’ NV N\eay,
I I
HOH Clz + Fe
H,S0,
COOH ccl,
c
o’V Ncoon cl cclL
111 v

the product yielded the known!® 5-chloro-iso-
phthalic acid (III).

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

(2) Present address: American Cyanamid Co., Stamford, Conn.

(3) Present address: Department of Chemistry, University of
Florida, Gainesville, Fla.

(4) Present address: Dayton Rubber Co., Waynesville, N. C.

(5a) Since this manuscript was submitted, but before it was
accepted for publication, McBee, Bolt, Graham and Tebbe, THiS
JourNaAL, 69, 947 (1947) have described 4-chloro-1,3-bis-(trichloro=-
methyl)-benzene. The 2-chloro-1,3-bis-(trichloromethyl)-benzene
was also prepared but seems not to have been isolated in pure form.
No constants are reported for the latter compound.

(5) (a) French Patent 663,791. (b) Chem. Zentr., 100, 11, 2731
(1929).

(6a) U. S. Patent 2,005,712; ibid., 107, I, 876 (1936).

(6b) French Patent 798,727; ibid., 107, 11, 3360 (1936).

(6¢c) U. S. Patent 2,132,361; ¢bid., 109, II, 4363 (1938).

(7) British Patent 464,859; ibid., 108, 11, 4444 (1937).

(8) French Patent 820,696; ibid., 109, I, 1661 (1938).

(9) Ruggli and Brandt, Helv. Chim. Acta, 27, 274 (1944); C. A.,
38, 6288 (1944).

(10) Beyer, J. prakt. Chem., [2] 25, 465 (1882);
Knoevenagel, Ber., 28, 2044 (1895).

¢f. Klages and

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

?Cl, ccl,
1
/
CCly CCls
a1
v VI

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

Experimental

5-Chloro-1,3-bis-(trichloromethyl) -benzene (I1).—A
glass reactor was charged with 243 g. of 1,3-bis-(tri-
chloromethyl) -benzene® (m. p. 32-36°) and 0.25 g. of
iron filings. The reactor was heated to 115-125° and a
rapid stream of chlorine bubbled through the liquid for
five hours. At the end of this time, the weight increase
amounted to 159 more than the theoretical. The frac-
tion distilling at 150-169° (6-7 mm.) amounted to 163 g.
and partly solidified on cooling. Recrystallization of the
solid portion from alcohol yielded 73 g. of white flakes,
m. p. 76-78°. An analytical sample (m. p. 77-78°)
gave low values for chlorine, but its identity was estab-
lished by hydrolysis to 5-chloro-isophthalic acid.
71%nal. Caled. for CgHeCl;: Cl, 71.5. Found:

5-Chloro-isophthalic Acid (III).—The above com-
pound (II) was heated with 100 ml. of 859, sulfuric acid.
As the temperature neared the boiling point of the acid,

cl,

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

(12) Cf. Jacobsen, Ber., 18, 1760 (1885).
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the evolution of hydrogen chloride commenced and pro-
ceeded vigorously for several minutes. After cooling,
the mixture was poured into a large volume of water and
the solid collected. The acidic material was dissolved in
sodium carbonate, treated with charcoal, filtered and re-
precipitated by addition of concentrated hydrochloric acid.
After drying at 120° the white powder melted at 279
280° (lit.1® 278°). Neutral equivalent caled. for CgHj-
O,Cl: 100.3. Found: 105, 104.

The dimethyl ester was obtained as white needles, m. p.
79-80°.

Anal.
15.59.

The ethyl ester melted at 50-51° (lit.10 45°).

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

Anal. Caled. for CgH,Cly(CCls)s:
Found: active Cl, 55.4.

In the dichlorination of bzs-(trichloromethyl)-benzene
prepared from research grade m-xylene (E. K. 275), a
small quantity of a high melting isomer, m. p. 191-192°,
was obtained. This was shown to be 2,5-dichloro-1,4-
bis-(trichloromethyl) -benzene (lit.? 193°).

Anal. Caled, for C;H,Cl;: Cl,74.3. Found: Cl,74.8,

2-Chloro-1,3-bis-(trichloromethyl)-benzene (V).—The
chlorination of 179 g. of 2-chloro-1,3-dimethylbenzenel4
(b. p. 181.5-183°; x2%p 1.5241) was carried out at 120-
130° in a glass reactor and in the presence of a mercury
arc. After the theoretical quantity of chlorine had been
absorbed (fifteen hours), the mixture was cooled and the
crude crystals collected, m. p. 115-125°; yield 130 g.

Caled. for CoHO4Cl: Cl, 15.51. Found: Cl,

active CL,1® 55.9.

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

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

CHARLES K. BRADSHER AND RICHARD S. KITTILA
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(80%). On recrystallization from ethanol, white prisms
were obtained, m. p. 136-137°.18

Amnal. Caled. for CgH;Cly:
71.5.

4-Chloro-1,3-bis-(trichloromethyl) -benzene (VI),bb,6o—
The chlorination of 166 g. of 4-chloro-1,3-dimethylben-
zene (b. p. 181-184°, »¥p 1.5269) under similar condi-
tions to those used in the preparation of the 2-isomer
yielded 177.5 g. (509,) of 4-chloro-1,3-bis-(trichloro-
methyl) -benzene as a viscous liquid, b. p. 180-185° (8.5
mm.).

Anal.
71.5.

The residue from the distillation of 4-chloro-1,3-bis-
(trichloromethyl) -benzene yielded a small quantity of
solid which was identical with the 2-chloro-1,3-bis-(tri-
chloromethyl)-benzene (VI) described above and gave
no depression of melting point when mixed with it.

4-Fluoro-1,3-bis-(trichloromethyl) -benzene.—The chlo-
rination of 4-fluoro-1,3-bis-(trichloromethyl)-benzenel®
was carried out essentlally as described for the chloro
compounds above, twenty-eight hours being required.
Vacuum distillation gave an 829, yield of a colorless oil,
b. p. 157.5-159.5° (11 mm.).

Anal. Caled. for CgH;CIF:
64.4, 64.5.

2-Chloro-1,4-bis-(trichloromethyl) -benzene® was pre-
pared in 79% yield by side-chain chlorination of 2-chloro-
p-xylene in the manner described above, the crude chlorin-
ation product being purified by recrystalhzatlon from
ethanol, m. p. 78-80°.

Anal. Caled. for CgH;Cly:
71.4.

Cl, 71.5. Found: Cl,

Calcd. for CsH;Cl;: Cl, 71.5. Found: Cl, 71.0,

Cl, 64.3. Found: Cl,

Cl, 71.5. Found: Cl,

Summary

Some bis-(trichloromethyl)-benzenes containing
nuclear halogen have been prepared, and some
evidence has been obtained in support of the as-
signed structures.

(15) This compound has been prepared previously (ref. 6a) but
no constants were given.
(16) Balz and Schiemann, Ber., 60, 1186 (1927).

DurnaaMm, N. C. RECEIVED MARcH 31, 1947

[CoNTRIBUTION FROM THE CHEMICAL LABORATORY OF DUKE UNIVERSITY]

Chlorination of 1,3-bis-(Trifluoromethyl)-benzenes

1la,b

By CHARLES K. BRADSHER AND RICHARD S. KITTILA

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

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

(1b) With the exception of the experiment noted, the material
contained in this communication is drawn from a thesis submitted
to the faculty of the Graduate School of Arts and Sciences for the
degree of Master of Arts, November, 1943.

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

(3) McBee, Hass, Weimer, Burt, Welch, Robb and Speyer, Ind.
Eng. Chem., 89, 387 (1947).

atures approaching the boiling point of bis-(tri-
fluoromethyl)-benzenes is without effect, and this
is confirmed by our observations. While it was
stated that chloro-bis-(trifluoromethyl)-benzenes
could be obtained by reaction in the vapor phase

"at 500°, it was added that “at this high tempera-

ture there was extensive chlorinolysis.”’4

We have found that chlorination of bis-(tri-
fluoromethyl)-benzenes may be effected readily by
carrying out this reaction in an iron reactor at
150-170° and under a chlorine gage pressure of 300
1b./sq. in.

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

(4) No yields have been mentioned, and it is clear from the text
that this process was abandoned as unworkable.



April, 1948

1,3- (I) and 1,4-bss-(trifluoromethyl)-benzenes,’
but the principal product isolated was 5-chloro-
1,3-bis-(trifluoromethyl)-benzene® (II), the best
yield being 57%, (429, conversion).

CFy Cl. CFs
/ LN /
—_—
Fe
CF; CF;
I II

In each case some material boiling at 170-175°
was obtained, and though no chemical individual
was isolated with certainty, analysis showed this
to comsist of dichloro-bis-(trifluoromethyl)-ben-
zenes, Similar material could be obtained by the
chlorination of either ‘‘technical”’ 4-chloro-® or
crude 5-chloro-1,3-bis-(trifluoromethyl)-benzenes.

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

cl CF,
ENPN NP
ca Na o cl
CF; ) CF,;
111 v

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

Experimental

Apparatus.—The reactor used in most of the experiments
reported here was made from a 39 in. length of 2.5-in.
black iron pipe closed at the bottom by a plate welded on,
and at the top by a leaded pipe cap to which was attached
a short length of 0.5-in. copper tubing. The copper
tubing was connected by flare fittings to a ““T”’ which
was provided with a 0-300 lb./sq. in. compressed air

(5a) We are indebted to the Hooker Electrochemical Company
for this material which is now being manufactured by them on a
commercial scale; ¢f. Murray, Beanblossom and Wojcik, Ind. Eng.
Chem., 89, 302 (1947).

(5b) Since this manuscript was submitted but before it was
accepted for publication, McBee, Bolt, Graham and Tebbe, THIS
JOURNAL, 69, 947 (1947), have reported some physical properties of
5-chloro-1,3-bis-(trifluoromethyl)-benzene; the constants reported
are in fairly good agreement with ours. The article referred to indi-
cates that the method of syntheses will be published at a later date.

(6) This material was prepared from monochlorinated technical
meta-xylene. The low dielectric constant (4.92) suggests that it
contains some 2-chloro-1,4-bis-(trifluoromethyl)-benzene.
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gage and a stainless steel exit valve. The gage was pro-
tected from the action of the corrosive gas by a coil of
0.25-in. copper tubing, connection being made to the ‘“T”’
and gage by short lengths of 0.125-in. copper tubing.

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

The lower twelve inches of the reactor was next im-
mersed in an oil-bath? and the temperature raised. Ex-
cess chlorine was valved off until the gage pressure wa
300 1b./sq. in. at the desired bath temperature (usually
150-175°). After heating for a number of hours, the
reactor was cooled and the hydrogen chloride and excess
chlorine valved off. The gage and valve assembly was
removed and the product poured out of the reactor,
filtered, washed with dilute acid, dried and distilled.

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

5-Chloro-1,3-bis-(trifluoromethyl) -benzene.—Using
charges of 100-150 ml. of bis-(trifluoromethyl)-benzene®®
and chlorinating for three hours at 150-170°, the best
yield of monochloro-bss-(trifluoromethyl)-benzene (b. p.
135~145°) obtained under these conditions was 57%,
representing a conversion of 429,. Refractionation
showed that nearly all of this material boiled at 139-140°,
7n3%p 1.4023, € 3.08. (A sample prepared by the indirect
fluorination of 5-chloro-1,3-bis-(trichloromethyl)-benzene
by the technique of German Patent 575,593 gave: b. p.
138.2-138.3°, #?5p 1.4027, €23 3.04.)

fégal. Caled."for CgH;ClIFs: Cl, 14.28. Found: Cl,
14.26.

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

Dichloro-bis-(trifluoromethyl) -benzene.—(a) By chlo-
rination of bis-(trifluoromethyl)-benzene: The chlorina-
tion was carried out as in the preparation above except
that the reaction was allowed to run longer at slightly
higher temperatures. In some cases, the reactor -was
cooled, the gas pressure released, additional chlorine dis-
tilled in, and heating continued for a further period. For
example, the chlorination of 280 g. of bis-(trifluoromethyl) -
benzene for three hours at 175°, recharging with chlorine
and heating for an additional four and one-half hours
yielded 429, of the dichloro-bis-(trifluoromethyl)-benzene
(b. p. 167-177°) or a conversion of 399,. This material
was refluxed with 6 M/ sulfuric acid to remove hydrolyzable
material, washed, dried and redistilled. Most of the
material boiled at 173-175°.

(b) By chlorination of ‘‘technical’’ 4-chloro-1,3-bis-
(trifluoromethyl) -benzene®: A small reactor was charged
with 67 g. of the 4-chloro-bis-(trifluoromethyl)-benzene
and chlorinated for two hours at 160-170° to give a 58%,
yield (459, conversion) of product, b. p. 169-174°.

(¢) By chlorination of 5-chloro-1,3-bis-(trifluoro-
methyl)-benzene: Crude 5-chloro-1,3-bis-(trifluorometh-
yl)-benzene (b. p. 135-145°) obtained by chlorination of
bis-(trifluoromethyl) -benzene was chlorinated for one and
one-half hours at 170-185°. The reactor recharged with
chlorine and chlorination continued for an additional
three hours. An 839, yield (499 conversion) of product
(b. p. 168-177°) was obtained.

The material obtained by procedure (a) (b. p. 173-175°)
had the properties: #26p 1.4389, €27 2.97, and appeared to
be a mixture of isomers.

5 le%al.s Calced. for CsH:ClFe: Cl, 25.06. Found: Cl,
4.75.

(7) The bath used was made from a larger pipe and was electrically
heated by a length of nichrome ribbon insulated with asbestos.
(8) Analysis by Miss Louise Gurney (1947).
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Tetrachloro-bis-(trifluoromethyl) -benzene.*—Chlorina-
tion of 238 g. of the dichloro-bis-(trifluoromethyl) -benzene
obtained above for three hours at 165-215° in the presence
of 0.05 g. of aluminum chloride yielded 76 g. of starting
material, 55 g. of intermediate fractions (b. p. 180-241°),
and finally 381 g. (b. p. 241-244°) which solidified on cool-
ing. Crystallized from ethyl alcohol, it gave colorless
crystals, m. p. 47-48°,

(9) Experiment by Jean B. Bond.

NorMAN H, CROMWELL AND RONALD A. WANKEL

Vol. 70

Anal.
40.09.

Caled. for CsCLFs: Cl, 40.04. Found: Cl,

Summary ,
It has been demonstrated that chlorination of

bis-(trifluoromethyl)-benzenes may be effected at
elevated temperatures and pressures.

Duruam, N. C. RECEIVED APRIL 2, 1947

[CONTRIBUTION FROM THE AVERY LABORATORY OF CHEMISTRY OF THE UNIVERSITY OF NEBRASKA |

a-Chloro-g-amino Ketones

By NorMAN H. CROMWELL AND RoNALD A. WANKEL

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

Recently considerable interest has been shown
in various types of p-chloroethylamines,

(>N—|£-C:Z—Cl).3 B-Halogenated ethylamines

seem to owe some of their unusual chemical
and physiological properties to the ability of their
solutions to form the very reactive quaternary
ethyleneimmonium ions.*

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

Piperidine, morpholine and tetrahydroisoquino-
line each added readily to both ea-chlorobenzal-
acetophenone and a-chlorobenzalacetone to give
the desired a-chloro B-amino ketones. Attempts
to add benzylamine or dibenzylamine or tetra-
hydroquinoline to a-chlorobenzalacetophenone
were not successful. These a-chloro 8-amino ke-
tones, especially the a-chloro-B-aminobenzylace-
tophenones, proved to be considerably more stable
than the corresponding bromo 'compounds re-
ported in the previous studies.*

(1) Cromwell and Caughlan, THIS JOURNAL, 67, 2235 (1945).

(2) Cromwell, Babson and Harris, ¢bid., 68, 312 (1943).

(8) For example, the nitrogen mustards, Gilman and Philips,
Science, 103, 409 (1946); N,N-dibenzyl-g-chloroethylamine, Nicker-
son and Goodman, Federation Proc., Feb., 1946, p. 195; N-benzo-
hydryl-g-chloroethylamines, Cromwell and Fitzgibbon, THIS JoUr-~
NaL, 70, 387 (1948).

(4) Cromwell and Cram, 1bid., 656, 301 (1943); Cromwell, Chem.
Rev., 38, 118 (1946).

a-Chloro-B-piperidinobenzylacetophenone  (I)
was quite stable in absolute alcohol solutions at
room temperature, showing little tendency to form
the quaternary ethyleneimmonium ion (A), as
indicated by the slight reaction of such solutions
with silver nitrate after standing fifteen hours.
However, this a-chloro B-amino ketone reacted
readily with tetrahydroquinoline, as did the anal-
ogous bromo ketone,® to give a good yield of a-
piperidino- 3-tetrahydroquinolinobenzylacetophe-
1uliLc,
CeH;—CH—CH—COCH;

=

|
CsH 0N Cl
0
R R— [ +
[CGH,-. CH—CH COC@HiICl- CoHNH
NC:Hio
A)

CsHs—CH—(I:I‘I—COCsH;.
CH )N NCgHyo

The hydrochlorides of the a-chloro-3-amino-
benzylacetophenones were readily prepared and
found to be quite stable in alcohol solution, show-
ing no tendency to rearrange to the B-chloro a-
amino ketone hydrochlorides. The hydrochlo-
rides of the a-chloro-B-aminobenzylacetones
proved to be too unstable to isolate.

For comparative purposes the reactivity of
a,B-dichlorobenzylacetophenone with benzyl-

~amine was checked and it was found that the

yield of the ethyleneimine ketone was about the
same as with dibromo ketones.® The molecular
weight of this product was determined to eliminate
the possibility that this compound might be a
piperazine such as

(‘:H2C5H5

N
CeH—HC” \C|)HCOC3H5
C.-,H5COH£\N _CHCH,

| ,
CHz_CGH 5

(8) Cromwell, THIS JOURNAL, 63, 2984 (1941).
(6) Cromwell, ibid., 69, 258 (1947).
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PHYSICAL AND ANALYTICAL DATA FOR @-CHLORO B-AMINO KETONES

a-CHLORO-B-AMINO KETONES

TABLE I
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M. p., Yield, Chlorine, %
a-Chlorobenzylacetophenones No. °C. % Formula led. Found
B-Piperidino (49)] 124 75 CaH22ONC1 10.82 10.64

Hydrochloride I 142 90 CaHyONCl, 19.47 19.36
B-Morpholino (I11) 127 74 C19H200.NC1 10.75 10.68
Hydrochloride av) 148 93 C1sH5;0.NCl, 19.36 19.27
B-Tetrahydroisoquinolino V) 95 69 CH»ONCl 9.43 9.28
Hydrochloride (V1) 114 91 CHONCl, 17.20 17.01
a-Chlorobenzylacetones
p-Piperidino (VII) 57 55 C1sH2ONCI 13.34 13.12
B-Morpholino (VIII) 65 66 C14H;330,NC1 13.24 13.04
B-Tetrahydroisoquinolino (Ix) 76 45 CyH3ONCl 11.30 11.09

TaABLE 11

RELEASE OF IoDINE BY CHLORO KETONES IN THIRTY
MiNUTES AT 26° (0.200 G. SAMPLES)

II1.) Itwasalsofound that the reaction products
of 1-benzyl-2-phenyl-3-benzoylethylenimine with
wet or dry hydrogen chloride? released no iodine
under such conditions, and thus both must still be

Halogenated N%zgig?,ﬂr{xh . Per cent. assumed to be B-chloro-a-benzylaminobenzylace-
etone used required reaction . .
tophenone hydrochloride, as was previously de-
(I1I) 1.98 40.40 4.78 cided.! This constitutes a method of differentiat-
V) 1.35 85.48 3.52 ing between a-chloro B-amino ketones and the
VD 0.97 82.38 8.03 very similar B-chloro a-amino ketones.
As shown in Table II, these various a-chloro 8- 100
amino ketones released iodine slowly from acidi-
fied potassium iodide solutions at room tempera-
ture. At elevated temperatures these compounds
reacted with such solutions much more rapidly 80
and at a constant rate. (See Fig. 1 and Table
TABLE III
RELEASE OF IoDINE BY CHLORO KETONES AT 66° (0.100 G. 4 60
SAMPLES) .g
Reac- g
tion o)
time 0.0300 M ~
in Na25:03, ml. Per cent. NI
Sample minutes used required reaction 40
(1) 20 19.89 20.34 97.8 =3.0
(I1) 20 18.16 18.34 99.0
15 16.48 18.34 89.9
10 10.91 18.34 59.4 20
5 5.70 18.34 31.1
(111) 20 19.69 20.20 97.4
av) 20 17.43 18.20 95.8
15 16.90 18.20 92.9
V) 20 16.95 17.74 95.6
EVI) 20 15.86 16.18 98.0 5 10 15 20
15 12.94 16.18 80.0 Minutes,
(IX) 20 20.23 21.24 95.2 Fig. 1.—Rate of iodine release by (II) at 66 °.
B-Chloro-a-benzyl- 30° 0.00 17.14 0.0
aminobenzylaceto- 30°  0.00 17.14 0.0 Nevertheless, further proof that certain ones of
phenone hydro- these reaction products of ethylene imine ketones
chloride with hydrogen halides actually are 8-halogeno a-
a-Chlorobenzal- amino ketone hydrohalides seems to be required.
acetophenone 20 1.36 27.34 5.0 Their very slow reaction with an acidified solution
Morpholine 30 0.00 0.0 of potassium iodide could conceivably be the re-
Blank 30 0.00 0.0 sult of their being the least reactive of the two pos-

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

sible racemates of the a-halogeno B-amino ketone
hydrohalide. This possibility is being investi-
gated.
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Experimental’

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

«-Chlorobenzalacetone.—This compound was obtained
in an 839, yield according to the method given by v. Au-
wers and Brink.® The resulting yellow oil distilled at
140-141° at 5 mm. and solidified on cooling in an ice-
bath. Recrystallization from petroleum ether (b. p.
60-70°) by cooling to 0° gave large, colorless crystals,
m. p. 20-21°.

a-Chlorobenzalacetophenone.—This unsaturated chlo-
roketone was prepared in a 759, yield by the method
of v. Auwers and Hiigel.1? The golden yellow oil distilled
at 195-200° at 56 mm. and solidified on cooling in an ice-
bath. Recrystallization from petroleum ether gave large,
colorless crystals, m. p. 29-30°.

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

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

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

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

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

(8) Goldschmidt, Ber., 28, 1532, 2540 (1895).

(9) Degering, Ind. Eng. Chem., 24, 181 (1932).

(10) v. Auwers and Brink, J. prakt. Chem., 183, 154 (1932).

(11) v. Auwers and Hiigel, ibid., 143, 157 (1934).

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

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

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

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

Reaction of «,3-Dichlorobenzylacetophenone with Ben-
zylamine.—Nine grams (0.33 mole) of the dichloroketone
was mixed with 10 ml. of alcohol and 6 ml. of benzene.
This mixture was cooled in an ice-bath and then treated
with 10.6 g. (0.097 mole) of benzylamine. Following the
previously described procedure,® 2.3 g. (239, yield) of a
compound, m. p. 107°, identical with 1-benzyl-2-phenyl-
3-benzoylethylenimine? was obtained.

Mole Weight Determination.—Using 8-129, solutions
in benzene and the cryoscopic method, caled. for CopHjs-
NO: 313. Found: 300, 316.

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

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

Summary

1. Piperidine, morpholine and tetrahydroiso-
quinoline have been found to add readily to both
a-chlorobenzalacetophenone and a-chlorobenzal-
acetone. The stability and reactivity of the re-
sulting a-chloro B-amino ketones have been com-
pared with that of the analogous a-bromo g-
amino ketones. :

2. The rates of reaction of chloro amino ke-
tones with acidified potassium iodide solution
have been studied, and a method of differentiating
a-chloro B-amino ketones from B-chloro a-amino
ketones proposed.

LINCOLN, NEBRASKA RECEIVED NOVEMBER 24, 1947
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The Isolation of 1 ,1-Dichloro-2-o-chlorophenyl-2-p-chlorophenylethane from
Technical TDE!

By StanLEY J. CrisTOL'® AND H. L. HALLER

The recent discovery of the effectiveness of 1,1-
dichloro-2,2-bis-(p-chlorophenyl)-ethane  (called
$,#'-TDE or p,p’-DDD), as an anopheline larvi-
cide made it desirable to have on hand a supply of
its o0,p’ isomer, 1,1-dichloro-2-o-chlorophenyl-2-p-
chlorophenylethane. This compound had been
prepared previously by the condensation of chlo-
robenzene and 2,2-dichloro-1-o-chlorophenyletha-
nol,? but the synthesis involved a difficultly avail-
able reactant, and optimum conditions had not
been worked out. Separation of the isomers by
fractional crystallization, an operation successful
for 0,p" and p,p’-DDT,? was also difficult, since
both isomers crystallized in similar appearing crys-
tals. The recent successful separation of o,0’-
DDT from the o0,p’ and p,p’ isomers,? by a proced-
ure making use of the decrease in reactivity toward
dehydrochlorination with ethanolic sodium hy-
droxide caused by the replacement of para by ortho
chlorine atoms, suggested a parallel experiment
for the separation of 0,p’-TDE from p,p’-TDE.

A sample of technical TDE was recrystallized,
giving pure p,p’-TDE. The oil recovered from the
mother liquors was treated with ethanolic sodium
hydroxide under conditions calculated* to effect
the dehydrochlorination of substantially all the
p,p’ isomer and expected to leave unreacted most
of the 0,p’ isomer. When this mixture of the un-
reacted o,p’ isomer and the olefin related to the
p,p’ isomer was treated with chromic anhydride in
glacial acetic acid, the olefin was oxidized to p,p’-
dichlorobenzophenone but the saturated o,p’-TDE
was not affected. The ketone—ethane mixture was
separated by selective adsorption on and elution
from activated alumina, the ketone being held
more strongly on the column.

The recrystallized o,p’-TDE melted at 75.8-
76.8°,2 and was obtained in 7 to 89 yield from the
original crude mixture of isomers. Mixed melting
points with known samples? were not depressed

Dinitro and tetranitro derivatives of ¢,p’-TDE,
m. p. 134-135.5° and 183-185°, respectively, were
prepared. Treatment of 0,p’-TDE with ethanolic
potassium hydroxide resulted in elimination of one
mole of hydrogen chloride, but the resulting olefin,
b. p. 160° (1 mm.), could not be made to crystallize.

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

(la) Present address, University of Colorado.

(2) Haller, Bartlett, Drake, Newman and co-workers, Tuis
JournaL, 67, 1591 (1945).

(3) Cristol, Soloway and Haller, ¢bid., 69, 510 (1947),

(4) The calculations were made from the known reaction-rate con-

stant previously determined for p,p’-TDE; see Cristol, Tuis
Journar, 67, 1494 (1945).

The rate constant for the dehydrochlorination
with sodium hydroxide of the 0,p’-TDE was de-
termined in 92.6%, (by weight) ethanol at 20.11°
(method used same as described earlier),* and a
value of 0.000144 liter per second per mole (aver-
age of two determinations) was obtained. This
compares with a value of 0.00567 for the p,p’ iso-
mer, and again indicates the importance of the
steric and/or electrostatic effect of the ortho chlo-
rine atom in hindering the elimination reaction.

Experimental

Separation of 1 1-chhloro-2-a-chlorophenyl-z-p-chloto-
phenylethane from its p,p’-Isomer.—A two-hundred
gram sample of technical TDE was recrystallized from 450
ml. of 959, ethanol. The solid (129 g.) was fairly pure
$,p’-TDE and was discarded. The solvent was removed
in vacuo, and the residual oil was taken up in 1200 ml. of
959, ethanol, brought to 20° in a constant-temperature
bath, and treated with 800 ml. of 1 M ethanolic sodium
hydroxide solution at 20° for exactly thirty minutes.
The dehydrochlorination reaction was then stopped by the
addition of 40 ml. of concentrated nitric acid in 500 ml.
of water. Most of the ethanol was removed iz vacuo,
and the resulting mixture was extracted several times
with ether. The ether extracts were washed with water,
dilute aqueous sodium hydroxide, and saturated salt
solution, and were then filtered. The ether was removed
by distillation, leaving 60.4 g. of viscous oil.

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

This solid was divided into two portions, and each
portion was treated as follows: The solid was dissolved in
200 ml. of petroleum ether (b. p. 60-70°) and adsorbed
on an activated alumina column 42 mm. in diameter and
200 mm. high, which had been washed with 200 ml. of
petroleum ether. The column was then washed succes-
sively with five 200-ml. portions of petroleum ether, two
200-ml. portions of carbon tetrachloride, and two 200-
ml, portions of 959, ethanol. The petroleum ether elu-
ates consisted mostly of 0,p’-TDE, while the later frac-
tions were mostly p,p —dlchlorobenzophenone The com-
bined petroleum ether eluates from both runs weighed
25.0 g. After two recrystallizations from 959 ethanol,
14.8 g. of 0,p'-TDE, m. p. 75.8-76.8°, was obtained.
This is equivalent to 7.4% of the original technical TDE
mixture. The melting point of this sample of 0,p’-TDE
was not depressed when mixed with material isolated
from technical DDT? or obtained by synthesis.?

Dinitro-o,p’-TDE.5—This derivative was prepared
by treatment of 500 mg. of o,p’-TDE with 5 ml. of fuming

(5) The structure of this compound has not been proved but it is
presumably 1,1-dichloro-2-(2-chloro-5-nitrophenyl)-2-(4-chloro-3-
nitrophenyl)-ethane.
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nitric acid for one-half hour at 50°. The reaction mixture
was cooled and poured onto ice. The resulting solid
was recrystallxzed from 959% ethanol to constant m. p.,
134-135.5°.

Anal.
N, 7.02.¢

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

Anal. Caled. for CuHeCLNqu: N,
N, 11.14.6

0,p’-TDE Olefin.—A solution of 500 mg. of o,p’-

TDE and 0.4 g. of potassium hydroxide in 20 ml. of
ethanol was heated at reflux for three hours. The result-
ing mixture was poured into water. The mixture was
extracted with ether, and the ether extract was washed

Caled. for CquChNgO(i N, 6.83. Found:

11.21. Found:

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

(7) The structure of this compound has not been proved, but it is
presumably 1,1-dichloro-2-(2-chloro-3,5-dinitrophenyl)-2-(4-chloro-
3,5-dinitrophenyl)-ethane.

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

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

© Summary

1,1-Dichloro-2-o-chlorophenyl-2-p-chlorophenyl-
ethane (0,p’-TDE) has been separated from a
mixture with its p,p’ isomer by a procedure mak-
ing use of the lowered reactivity with ethanolic so-
dium hydroxide of the o,p’ isomer compared with
the p,p’ isomer.
' Nitration and dehydrochlorination products of
0,p’-TDE have been described. The rate constant
for the reaction of 0,p’-TDE with ethanolic so-
dium hydroxide has been determined.

BouLpER, COLORADO RECEIVED NOVEMBER 13, 1947

[CONTRIBUTION FROM PULP MILLS ResearcH ProjeEcT, DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING,
UNIVERSITY OF WASHINGTON |

Lignin.

I. Purification of Lignin Sulfonic Acids by Continuous Dialysis

By QUINTIN P. PENISTON AND JoSEPH L. MCCARTHY

Introduction

Lignin sulfonic acids' have several times been
separated from sulfite waste liquor and purified by
metal or amine salt precipitations.? Although di-
alysis has been employed as a step in some of these
procedures, and has been practically considered
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Fig. 1.—Dialyzer plate detail.
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(1) Hagglund, ‘“Holzchemie,” Akademische Verlagsgesellschaft,
m. b. h., Leipzig, 1939, 2nd. ed., Lithoprinted 1944 by Edwards Bros.,
Ann Arbor, Michigan.

(2) (a) E. G. King, F. Brauns and H. Hibbert, Can. J. Res. (B) 13,
88 (1935); (b) G. H. Tomlinson and H. Hibbert, THIs JOURNAL, §8,
340 (1936); (c) H. Erdtman, Svensk. Papperstidn., 46, 315-323
(1942); (d) W. Lautsch and Piazolo, Cellulose chemie, 22, 48-54
(1944).

by Ogland,?® no detailed study appears to have
been made of the degree of purity and extent of re-
covery of the lignin sulfonic acids attainable by di-
rect continuous dialysis of sulfite waste liquor.
This easily conducted procedure was thought
worthy of investigation both as a method for labo-
ratory preparation of purified lignin sulfonic acids
for research purposes and as a means of character-
ization of sulfite waste liquor components.

Experimental Part

Dialysis Apparatus.—To obtain a high ratio of mem-
brane area to liquor volume and a close approach to true
counter-current operation, a multicellular apparatus was
constructed from 1/5” X 9” X 12" plates of ‘‘Plexiglas.”’
This material was chosen for its resistance to chemical
attack, dimensional stability in water, workability, and
transparency. The last quality is desirable since it aids
detection of air blocks or other obstructions to flow. The
cells consisted of zig-zag channels 5/;” wide sawn in the
‘“‘Plexiglas’’ plates. Both liquor and water plates were
identical except for interplate connections. The design
details are indicated in Flg 1. Fifteen pairs of such
plates were used, each palr being isolated by separator
plates of 1/i" “Plex1glas Connections between cells
were by means of ports grooved about half through the
plates at the ends of the channels. The ports fed into
holes which led through membrane and separator to the
next appropriate cell. The entire assembly was held
between 1/;” stainless steel plates by means of 14 stainless
steel machine bolts.

The total volume of the apparatus amounted to 2780
ml., and the total membrane area to 0.435 square meter,
With no bulging of the membrane, the volumes in liquor

.and water channels were equal.

(3) N. J. Ogland, Svensk. Papperstidn., 47, 288-291 (1944).
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Flows of both sulfite waste liquor and distilled water
to the apparatus were from constant head reservoirs
through small Alyea* flowmeters to open funnel receivers.
Pressure on the two channels was independently con-
trolled by adjustment of the height of inlet and outlet
tubes. In operation the apparatus was placed with
plates horizontal and both channels were filled with
water using parallel upflow until all air bubbles were
removed. Water was then switched from upflow to
downflow and sulfite waste liquor was admitted in upflow
in the other channel. Steady state operation was ob-
tained over several days’ operation without attention.
The addition of small amounts of toluene to the input
reservoirs was found effective to prevent growth of micro-
organisms in the apparatus. These if uncontrolled rapidly
caused increase in porosity and failure of the membranes.

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

Sulfite Waste Liquor Samples.—The compositions of
sulfite waste liquor samples used in this study are shown

in Table I. For sample B the alterations brought about
by pretreatment before dialysis are indicated. Important
differences between Samples A and B are: the higher

amount of total reducing substances and fermentable
sugar in Sample A, and the high values for total sulfur
and loosely combined sulfur dioxide in Sample B. Both
samples were obtained from commercial pulping opera~
tions using the same wood source: about 85%, Western
Hemlock and 159, White Fir. In the production of
Sample B a much higher ‘‘free sulfur dioxide’’ concentra-
tion was present in the pulping liquor.

TaBLE 1
COMPOSITION OF SULFITE WASTE LIQUOR SAMPLES
B B after
Sample A original ion exchange
pH 1.77 1.80 2.70
Total solids, g./1.® 115.4 121.6 95.9
Ash, g./1. 11.88 20.94 21.63¢
Ca0, g./1. 6.19 9.63 0.05
Free SOy, g./1.8 0.6 8.04 4.02
Loosely combined SO, g./1.% 3.73 6.17 4.51
Sulfate, g. SO3/1.8 1.14 1.10 0.76
Total sulfur, g. S/L.7 8.92 15.75 10.99
Methoxyl, g. OCH,/1.8:9 7.84 8.09 6.16
Total reducing substance,
g. glucose/1. 26.78 20.45 14.91
Fermentable sugar, g. glu-
cose/1.10 19.05 12.45

o Sulfated ash. ? Determined by drying iz vacuo at

60° on quartz sand.

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

(4) H. N. Alyea, Ind. Eng. Chem., Anal. Ed., 12, 686 (1940).

(5) Method 0 403 sm-40, January 15 (1940); Technical Associa-
tion of the Pulp and Paper Industry, New York.

(6) Q. P. Peniston, V. F. Felicetta and J. L. McCarthy, Ind. Eng.
Chem., Anal. Ed., 19, 332 (1947).

(7) F. H. Yorston, Canadian Pulp and Paper Research Institute,
Montreal, Canada, private communication.

(8) E. P. Clark, Tris JOURNAL, 51, 1479-1483 (1929).

(9) F. Viebock and A. Schwappach, Ber., 638, 2818 (1930).

(10) H. S. Daniels and J. L. McCarthy, unpublished method.

PURIFICATION OF LIGNIN SULFONIC ACIDS BY DIALYSIS

1325

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

Results and Discussion

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

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

d¢ _ RT [Zu.G */n, — 2u G ../n_]
dx« F Sucy F2u_ c_

where %4, #_ are mobilities, G G_ are ionic con-
centration gradients, ¢4, c— are concentrations and
74, n— are valences. An interesting consequence
of this relation is that the presence of a high con-
centration of non-dialyzable high molecular weight
lignin sulfonic acid anions should increase the rate
of dialysis for low molecular weight anions in the
mixture.

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

(11) K. Schwabe and L. Hasner, Cellulosechemie, 20, 61 (1942).

(12) J. R. Vinograd and J. W. McBain, THIs JOURNAL, 63, 2011

(1941).
(13) “International Critical Tables,’”” Vol. V, p. 71,
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TaBLE 11
DiaLysis RATES FOR GLUCOSE-SUCROSE MIXTURES®
Experiment® 1 2 3 4 5 6 7 8
Liquid output, ml./hr. 672 499 296 139 445 316 166 66.7
Dialyzate, ml./hr, 612 422 256 125 359 213 144 78.1
P t. dialvzed { Glucose 43.0 47.7 55.7 73.5 51.6 51.2 71.6  87.3
er cent. dialyzZe | Sucrose 27.8  35.2  43.9  64.2 38.6  41.2 648 8.8
Glucose 0.92 0.95 0.86 0.93 0.93 0.94 1.02 0.81
Average 0.92 Average 0.93 .
. . . Sucrose 0.56 0.55 0.53 0.54 0.57 0.56 0.64 0.58
b
Dialysis rate’ coefficients Average 0.54 Average 0.59
K glucose 1.64 1.72 1.62 1.72 1.63 1.68 1.60 1.40
K sucrose Average 1.67 Average 1.58

e Original mixture: 20.0 glucose g./liter, 20.0 sucrose g./liter.
¢ Experiments 1-4 were carried out using new membranes;

per liter concentration difference (logarithmic mean).

b Grams transferred per square meter per hr. per gram

experiments 5~-8 with membranes after six weeks of service in sulfite waste liquor dialysis.

TasBLE III
Diavrysis RATES FOR GLUCOSE AND SopIUM $-TOLUENE
SULFONATE®
Experiment 1 2 3 4
Average solution rate,
ml./hr. 104 215 327 558
Average water rate,
ml./hr. 116 232 298 602
[ Glucose 79.8 65.0 52.0 41.7
Per cent. Sodium p- 86.3 74.1 59.7 52.7
dialyzed toluene-
sulfonate
Dialysis Glu.cose 0.79 0.8 0.8 0.88
rate Sodium p-tolu- 1.06 1.22 1.26 1.39
enesulfonate
coeffi- K SO
cients | S rHrSO:Na 1.34 1.43 1.49 1.59

glucose
& Original mixture: glucose 20.60 g./liter, sodium p-
toluenesulfonate 22.84 g./liter.

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

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

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

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

TABLE IV
ErrecT OF DiaLysis TIME oN LIGNIN SULFONIC AcCID
PURITY
Sulfite Waste Liquor Sample A
Experiment 1 2 3 4 5
Liquor input, ml./hr. 136 76.7 39.4 37.9 19.0
Water input, ml./hr. 270 273 275 265 256
Average liquor flow rate,
ml./hr, ) 166 93.3 52.7 52.7 31.9
Average time in dialyzer,
hours |27 14,90 28.7 26.7 43.5
Dilution ratio (liquor out/
liquor in) 1.44 1.43 1.67 1.78 2.36
Composition of dialyzed
liquor
Total solids, g./1. 58.25 44.74 32.42 30.69 23.24
Methoxyl, g. OCH;/1. 5.53 4.70 3.66 3.47 2.72
Total reducing substances,
g./1. 7.15 3.23 1.07 0.82 0.48
Sulfur, g./1. 3.70 2.90 2.12 2.00 1.49
Composition of dialyzate
Total solids, g./1. 20.43 16.40 9.76 9.77 5.02
Methoxyl, g. OCHs/1. 0.49 0.44 0.30 0.34 0.20
Total reducing substances,
g./L 9.29 7.08 3.93 3.78 1.72
Per cent. of constituent -
dialyzed
Total solids 27.4 44.5 53.1 52.8 52.5
Methoxyl 9.7 18.0 21.0 21.3 21.0
Total reducing substance 53.7 82.7 93.3 94.2 94.8
Sulfur 40.2 53.5 60.3 60.1 60.5
Methoxyl equivalent weight
dialyzed solids 327 295 274 274 265

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

(14) Nils Gralen, J. Colloid Sci., 1, 453 (1946).
(15) D. Pennington and D. M. Ritter, THIS JOURNAL, 69, 665
(1947).
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TABLE V
DiAvysis RATES OF SULFITE WASTE LIQUOR COMPONENTS
Sulfite Waste Liquor B
As calcium salts As sodium salts

Experiment 1 2 3 1 2 3 4
Average liquor flow, ml./hr. 49.6 100.8 179 41.05 65.6 122 179
Average water flow, ml./hr. 59.3 176.1 176 47.3 68.7 144 197
Dilution ratio 1.7 1.45 1.37 2.70 1.76 1.49 1.40
Composition of dialyzed liquor

Total solids, g./1. 34.34 44.39 '59.99 15.24 25.39 33.76 40.56

Reducing substances, g./1. 0.86 2.24 5.59 0.51 1.27 2.20 3.51

Methoxyl, g./1. 3.65 4.46 5.46 1.67 2.69 3.44 3.96

Total sulfur, g./1. 3.02 3.93 5.59 1.40 2.33 3.00 3.58

Free and loosely combined sulfur dioxide, g./1. 0.59 1.02 2.42 0.16 0.42 0.63 1.09

Methoxyl equivalent weight 292 309 342 283 293 304 317

Moles sulfur/mole methoxyl 0.80 0.86 0.99 0.81 0.84 0.84 0.88
Per cent. of constituent dialyzed

Total solids 50.4 47.0 32.3 57.6 53.4 47.4 40.5

Reducing substances 86.7 82.9 59.2 83.0 83.6 76.3 67.8

Methoxyl 18.1 14.8 9.3 29.4 24 .2 17.8 13.8

Free and loosely combined sulfur dixide 29.8 89.6 76.7 97.0 91.4 89.2 82.5
Dialysis rate coefficients

Total solids 0.10 0.16 0.19 0.09 0.15 0.23 0.26

Reducing substances .53 .56 .62 .36 .66 .70 .74

"Methoxyl® .10 .14 .15 .26 .30 .26 .25

Free and loosely combined sulfur dioxide .63 .74 .93 1.00 1.15 1.33 1.45

@ Based on assumption of 359, dialyzable methoxyl.

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

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

Methoxyl equivalent weight = C + 4/Time

where 4 and C are constants. Extrapola-
tion with this relationship of the data to
infinite time of dialysis (Fig. 2) suggests a
value of about 250 as the methoxyl equiva-
lent weight of the completely purified cal-
cium lignin sulfonate from sulfite waste
liquor Sample A. The mole ratio of sulfur,
and of the copper reducing value calculated
as glucose, to methoxyl in the dialyzed solu-
tions is shown in Fig. 2 as a function of time of
dialysis. Both quantities decrease rapidly with
increasing purity and approach values of 0.5 mole
of sulfur, and less than 0.04 mole of copper reduc-
ing groups, per mole of methoxyl, respectively.
Thus the nondialyzable lignin sulfonic acids mani-
fest approximately one sulfonic acid grouping for
every two structural units. The rate at which the
mole ratio of sulfur to methoxyl decreases with
increasing purity appears to exclude the possi-

(16) K. Freudenberg, Ann. Rev. Biockem., 8, 81 (1931).
(17) H. Hibbert, ¢bid., 11, 183 (1942).
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bility that the sulfur-containing impurities can be
entirely lignin sulfonic acid salts of higher sulfur
content and suggests that they may be, in part,
the sulfonic acid derivatives of sugars postulated

o4
[
&
Methoxyl equivalent weight.

0 0.02 0.04 0.06 0.08 0.10 0.12
Reciprocal of dialysis time in hours—1.

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

by Higglund and Urban®® and recently studied
by Adler.?

To try to generalize the above trends, a series
of experiments was conducted with calcium base
sulfite waste liquor Sample B which differs from
Sample A in that it was obtained from a separate
commercial plant wherein the practice is to use a
sulfite pulping liquor very high in concentration
of sulfurous acid. In both cases, however, the
wood used was the same, namely, about 859,

(18) E. Hagglund and H. Urban, Ber., 62, 2046 (1929).
(19) E. Adler, Svensk Papperstidn., 49, no. 15 (Aug. 15, 1946).
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Western Hemlock and 159, White Fir. Sample
B, in its original form, and after conversion by ion
exchange to sodium salts (Table I), was dialyzed
at various flow rates. The dialyzed solutions were
analyzed and dialysis coefficients were computed.

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

By extrapolation to infinite time of dialysis of
data secured using the sodium salts, it is esti-
mated, on a methoxyl basis, that about thirty-five
per cent. of the weight of the original lignin sulfonic
acid present in Sample B will dialyze through the
membrane, compared to about 229, for Sample A.
This evidence for the presence of a larger propor-
tion of lower molecular weight lignin sulfonic
acid molecules in the sulfite waste liquor Sample B
may correlate with the higher sulfurous acid con-
centration during the sulfite pulping procedure in
this case.

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

Sample A (%) Sample B (%)

Carbon 52.1 50.5
Hydrogen 4.18 3.96
Sulfur 6.66 7.38
Sodium 4.63 4.88
Methoxyl 12.8 12.5

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

(20) C. B. Purves, P. F. Ritchie and W. J. Wald, THis JOURNAL,
69, 1371 (1947).
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the two samples by calculation of the above analyt-
ical data to a sulfur and ash free basis. For such
a computation, the mechanism of sulfonation may
be postulated either as replacement of one hy-
droxyl grouping, or else one hydrogen atom, of the
lignin for each sulfonic acid grouping becoming at-
tached to the lignin. We have based our calcula-
tions on the hydroxy! replacement mechanism, 1. e.

I
—C—H —C—H
| + NaHSO; —> | + H,0
|
-—~(I3—0H

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

—(::-SO: Na

Sample A Co.00H7.2002.55 (OCH)o.04
Sample B Cs.00H7.0002.88 (OCHs)o.95
“Theoretical”’ C9.00H7.0002_75 (OC,H:;‘)LOO

The ‘““‘theoretical”’ ratio given may be secured by
assuming that the lignin polymer consists of
“n’’ guaiacyl oxygenated propane structural units
with the empirical formula C;HyQ: and “3n”
units with the empirical formula C;oHjy0Os.

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

Summary

1. Lignin sulfonic acids may be isolated in a
high degree of purity in about 65 to 80%, yield by
exhaustive continuous dialysis of sulfite waste
liquor.

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

3. Two non-dialyzable lignin sulfonate sam-
ples from different commercial sources are found
to have nearly the same empirical composition
when calculated to a sulfur and ash free basis, and
this composition is in agreement with the concept
of lignin as a polymer of guaiacyl oxygenated pro-
pane structural units.

SEATTLE, WASHINGTON RECEIVED JULY 24, 1947
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Lignin.

II. Liberation of Phenolic Hydroxyl Groups by Alkaline Cleavage of

Lignin Sulfonic Acids

By QuiNTON P. PENISTON AND JoserH L. McCARTHY

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

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

Experimental Part

Conductometric titrations were conducted in 509
ethanol solution using carbonate-free sodium hydroxide.
A 60-cycle Wheatstone bridge circuit with pointer type AC
galvanometer was used. The titration cell, of 100-ml.
capacity, was constructed with buret delivery tubes and
glass stirrer mounted in the lid. This was connected by a
ground glass joint to the body containing platinized elec-
trodes. The cell constant was 0.492 cm. 1.

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

(1) Tomlinson and Hibbert, THis JoURNAL, 58, 350 (1936).

(2) Braums, Paper Trade Journal, 111, no. 14, 33-39, Oct.
(1940).

(3) Freudenberg, Meister and Flickinger, Ber., 70, 500 (1937).

(4) Freudenberg and Plankenhorn, bid., 75, 857-867 (1942).

(5) Peniston and McCarthy, THIS JOURNAL, 70, 1324 (1948).

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

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

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

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

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

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

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

Discussion

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

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

When the lignin sulfonic acid preparation de-
scribed in Figure 1 was treated with 59 sodium
hydroxide at 100° for several time periods, the re-
action products showed the conductometric titra-

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

(7) Karrer and co-workers, Helv. Chim. Acta., 10, 67, 729 (1927);
12, 292 (1929); 185, 507 (1932).
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0 1 2 3 4 5
Milliliters 0.1027 N NaOH.
Fig. 1.—Potentiometric and conductometric titrations
of lignin sulfonic acid showing iow weak acid content:
1.0 ml. NaOH = 0.164 mole of acid per mole of OCHj.

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

The rate of the initial phenolic hydroxyl libera-
tion appears to be approximately proportional to
the alkali concentration. Thus in aqueous solu-
tions 19} in sodium hydroxide, the rate is found
to be roughly one-fifth of that observed in solu-
tions 5%, in sodium hydroxide. Also, at the lower
alkali concentration, the more gradual acid forma-
tion is not discernible. Thus there may be two
reactions involved or two different groupings
cleaved by the alkaline treatment.

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

QuINTIN P. PENISTON AND JosEPH L. McCaARTHY
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studied in comparison with titration data for the
amount of weak acid liberated in alkali cleavage.

]

0y oshes  gohes whre
; :

1

Conductivity (translated scale).

.

0 2 4 6 8 10
Milliliters of 0.1027 N NaOH.

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

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

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

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

(8) Pearl and Benson, Paper Trade J., 111, no. 18, 35-36 (1940).

(9) Westover, B. S. Thesis, University of Washington, 1946.
(10) Pennington and Ritter, THIS JOURNAL, 69, 187 (1947).
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acids is still apparent. It is believed, therefore,
that for the experimental conditions used libera-
tion of phenolic groups is substantially complete
in two hours, and that generation of other acidic
groupings is probably responsible for the subse-
quent gradual rise in titratable acids. Ritter and
Pennington®® have observed that pure guaiacyl
type phenolic substances in general consume three
moles of periodate per mole of methoxyl. This
would imply that in alkali cleavage under con-
ditions used only two thirds of the potential
phenolic hydroxyl groups have been liberated and
suggests the possibility that a different type of
linkage exists for the remaining third. A similar
result is obtained by linear extrapolation to zero
time of the gradual weak acid increase. On this
basis the amounts of phenolic hydroxyl liberated
in the first two hours are in close agreement as
determined by periodate consumption or titration
(Fig. 3a).

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

(C1 4 C)Kope. = KiCy + K,Ce ®

where “Cy”’ and “Cy”’ represent the molar concen-
trations of free and combined phenolic hydroxyl
groupings per mole of methoxyl, and “K;” and
“K,p” represent the extinction coefficients asso-
ciated with these respective groupings. If the
concentrations of free phenolic hydroxyl found ex-
perimentally by periodate oxidation be taken as
Ci, then C, may be regarded as the difference be-
tween unity and C;. Using values found experi-
mentally by the nitroso technique for the total ex-
tinction coefficient, Kqps, then the individual ex-
tinction coefficients, K; and K», may be evaluated
by simultaneous solution of Equation 1 using data
derived from samples hydrolyzed for two different
time intervals. Taking K; and K, as 76 and 20,
respectively, calculation of the terms K;C; -+
K,C; as compared to (C; + C;)Kops shows (Table
IT) satisfactory correlation of the results of the
periodate oxidation method with those of the ni-
troso method except for the original sample in
which some phenolic hydroxyl may have been
liberated under the alkaline conditions obtaining
during the carrying out of the nitroso method.
The liberation of phenolic hydroxyl groups by
mild alkaline treatment of lignin sulfonic acid
necessarily brings about other changes in molecu-
lar structure. If all of the structural units of the
lignin polymer are joined together by non-cyclic
ether linkages (such as in Formula I), simple
cleavage of these ethers would result in conversion
of the polymer to the monomer. However, if
furan or pyran rings are involved (such as in

PaeENoOLIC HYDROXYL GROUPS OF LIGNIN SULFONIC ACIDS
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Fig. 3.—Phenoiic hydroxyl liberation by alkali cleavage.

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

TABLE 1

CORRELATION OF EXTINCTION COEFFICIENTS WITH
AMOUNT OoF FREE PHENOL

Time, (K1C1 + (C1+ Ca)-
hr., [ Cs KiC1  KiCs K2Cs) Kobs
0 0.16 0.94 12,2 18.8 31.0 38.0
0.167 .43 .87 382.7 11.4 44 .1 42.1
0.50 .52 .48 39.5 9.6 49.1 49.2
1.00 .63 .37 47,9 7.4 55.3 52.8
2.00 .66 .34 50.1 6.8 56.9 57.8
4.00 .68 .32 51.6 6.4 58.0 57.2
6.00 .68 .32 51.6 6.4 58.0 58.5
OCH,

|
(}_
I. Non-cyclic lignin structure
OCH,; (I:
O. | <
/,/ N \C\/ [ _C

/l
! !
< T / ,/
P KO / & (|: »
OCH; |
II. Cpyclic lignin structure

To investigate alteration in molecular size and
other changes associated with the alkaline treat-
ment, a fractionation of lignin sulfonic acid after
five hours of treatment with 5%, sodium hydroxide
solution at 100°, has been conducted. Fraction
A, which is first apparent after about three hours
of treatment and increases with time of the alkali
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reaction, is insoluble in water under neutral con-
ditions and after its separation, the remaining
soluble Fraction B was dialyzed exhaustively fol-
lowing the same procedure and with the same
membranes initially used for preparation of the
 lignin sulfonic acids from sulfite waste liquor.
The non-dialyzable residue (Fraction B-1), the
dialyzate (Fraction B-2), and Fractions A and B
were then analyzed to determine total material,
methoxyl and sulfur balances.

TarLE II
FRACTIONATION OF ALKALI CLEAVED LIGNIN SULFONIC
Acips
Fraction Fraction Fraction Fraction
Fraction A B B-1 B-2
Per cent. of total ma-
terial 19.1 68.5 32.4 32.3
Per cent. of total sul-
fur 10.0 58.5 21.5 31.9
Per cent. of total
methoxyl 22.5 72.3 36.0 29.7
Extinction coefficient 43 61 49 73

Although considerable material losses occurred
particularly in isolation of the peptizable Fraction
A, resnlts (Table II) show insoluble Fraction A
to be strongly desulfonated (from about 0.50 in
the lignin sulfonic acid before alkaline cleavage, to
about 0.22 mole of sulfur per mole of methoxyl in
Fraction A). The soluble non-dialyzable residue
Fraction B-1 is desulfonated to a lesser degree
(0.43 mole of sulfur per mole of methoxyl) while
the soluble dialyzable Fraction B-2 retains prac-
tically the same proportion of sulfur as the original
lignin sulfonic acid (0.54 mole of sulfur per mole of
methoxyl). Extinction coefficientsindicate thata
considerable proportion of the phenolic hydroxyl
groups remains combined in Fractions A, B, and
B-1, while in the dialyzate Fraction B-2 all phe-
nolic hydroxyl groupings appear to be free. That
about one-third of the lignin sulfonic acid is readily
dialyzable after alkali cleavage whereas the origi-
nal material had been isolated as a non-dialyzable
residue using the same membrane material, ap-
pears to demonstrate a substantial decrease in

QUINTIN P. PENISTON AND JosEPH L. McCARTHY
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molecular weight for this fraction. Other indica-
tions of reduced molecular weight in cleavage
products have been obtained from observations of
a reduction in specific viscosity.

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

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

Summary

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

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

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

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

5. Alkaline hydrolysis of lignin sulfonic acid
brings about a decrease in molecular weight of
some fractions of the acids, and this and other evi-
dence indicates that more than one type of bond
serves to combine structural units in lignin sul-
fonic acid.

SEATTLE, WASHINGTON RECEIVED JULY 24, 1947
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The Hydrolysis of Some g-Alkoxypropionitriles?

By RoBERrT V. CHRISTIAN, JR.,2 AND R. M. HIxoN

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

In the present work, some of the now easily

available B-alkoxypropionitriles were examined as

intermediates for the preparation of acids of the
B-alkoxypropionic type.
Experimental’

Materials.—1,4-Pentanediol was prepared by hydro-
genation? of vy-valerolactone. The other alcohols and
glycols were commercially available products which were
purified by distillation when necessary. The acrylo-
nitrile (Eastman Kodak Co. Practical Grade) was used
without further treatment.

B-Ethoxypropionitrile was prepared by the method of
Koelsch.l® Utermohlen’s procedure,!! employing 40%,
potassium hydroxide as the catalyst, was followed in the
synthesis of the other monofunctional nitriles. Those
which have not been described heretofore are listed in
Table I with pertinent information. The preparation of
1,4-di-(2-cyanoethoxy)-pentane has been described.?
The other bifunctional nitriles were obtained in accordance
with the procedure of Bruson and Riener.13

Alkaline Hydrolysis of p-Alkoxypropionitriles.—1,4-
Di-(2-cyanoethoxy) -pentane, when refluxed with 109
sodium hydroxide in the usual manner, gave an undistil-
lable and uncrystallizable oil of neutral equivalent 177
(calculated for the expected dibasic acid, 124). Similar

(1) Taken from part of a thesis submitted by Robert V. Christian,
Jr., to the Graduate Faculty of Iowa State College in partial ful-
fillment of the requirements for the degree of Doctor of Philosophy.

(2) Present address: Department of Chemistry, University of
Wichita, Wichita, Kansas.

(3) (a) Hamonet, Compt. rend., 132, 260 (1901); Bull. soc. chim.,
[31, 38, 518 (1905); (b) Palomaa, Ann. Acad. Sci. Fennicae, [A] 8,
No. 2 (1911); Chem. Zentr., 83, II, 595 (1912); (c) Fichter and
Herndl, Helv. Chim. Acta, 14, 857 (1931); (d) Palomaa and Jaakola,
Ber., 67, 949 (1934); (e) Palomaa and Tukkimé&ki, ibid., 68, 887
(1935); (f) Fichter and Schnider, Helv. Chim. Acta, 25, 229 (1942).

(4) Methods for preparing the necessary esters have been re-
viewed by Rehberg, Dixon and Fisher, THIS JOURNAL, 68, 544 (1946).

(5) Jones and Powers, bid., 46, 2518 (1924).

(8) Bruson, U. S. Patent 2,347,627, April 25, 1944; C. A., 39, 87
(1945).

(7) Kilpi, Z. physik. Chem., 86, 672 (1913).

(8) Melting points and boiling points are uncerrected.

(9) Folkers and Adkins, Tris JoURNAL, 64, 1145 (1932).

(10) Koelsch, 5bid., 66, 437 (1943).

(11) Utermohlen, ibid., 67, 1505 (1945).

(12) Christian, Brown and Hixon, ¢bid., 69, 1961 (1947).

(13) Bruson and Riener, $bid., 65, 23 (1943).

TaBLE I
B-ALKOXYPROPIONITRILES, ROCH.CH,CN
Yield, B. p., Nitrogen, %2
% °C. Mm. #=n¥p d20g aled. Found
n-Propyl 84 87-89 24 1.4131 0.9006 12.4 12.2
84 19
Isobutyl 81 91 20 1.4143 .8836 11.0  11.1
s-Butyl 79 90 19 1.4156 .8896 11.0 11.3
Isoamyl 82 99 13 1.4218 .8834 9.93 10.1
s-Amyl 70 98, 16 1.4205 .8862 9.93  9.85
Altyl 8 95 24 1.4330 .9396 12.6 12.4

@ By micro Kjeldahl.

treatment of di-(2-cyanoethyl)-ether with 249, sodium
hydroxide gave material from which neither di-(2-car-
bamylethyl)-ether!? nor the disodium salt of di-(2-carboxy-
ethyl) -ether could be obtained by suitable procedures.

B-Ethoxypropionic acid® could not be identified as
a product of the hydrolysis of g-ethoxypropionitrile with
229%, sodium hydroxide. Upon distillation of the re-
action products under reduced pressure, partial decom-
position took place and a colorless distillate was col-
lected. This liquid liberated carbon dioxide from dilute
sodium bicarbonate and reduced alkaline 29, permanga-
nate. The substance polymerized upon standing to form
a transparent, elastic solid which was insoluble in ethanol
or chloroform but dissolved slowly in sodium bicarbonate
solution, with evolution of carbon dioxide, to yield a clear
solution of unusually high viscosity.

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

The monobasic acids were characterized, when possible,
by preparation of solid p-bromophenacyl esters (Table
IV) in accordance with a standard procedure.!® Thionyl
chloride, followed by cold, concentrated ammonium
hydroxide, served to convert the dibasic acids to amides
(Table V), of which several have been prepared recently
by other methods.!316

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

The corresponding ethoxy-, isopropoxy-, n-butoxy-,

(14) Wislicenus, Ber., 8, 809 (1870); Ann., 166, 10 (1872).

(13) Shriner and Fuson, “The Systematic Identification of Organic
Compounds,” John Wiley and Sons, Inc., New York, N. V., 1935, p.
144,

(16) (a) Bruson, U. S. Patent 2,359,708, October 3, 1944; C. A.,
89, 3972 (1945); (b) U. S. Patent 2,372,808, April 3, 1945; C. 4., 89,
4623 (1945).
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TaBLE 11

B-ALkoxvPrOPIONIC Acips, ROCH;CH,COOH
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Yield, B. p.,
R % °C. Mm. n¥%p
Ethyl® 86  117-120 17
n-Propyl® 80 87 1 1.4233
120 13
Isopropyl® 60 85.5-86 1 1.4202
118 13
n-Butyl? 69 96-97.5 1  1.4268
Isobutyl? 67 89-90 1 1.4227
s-Butyl 56 90-91.4 1 1.4252
Isoamyl’ 69 100 1 1.4285
137 12
s-Amyl 49  100-101 1 1.4289
Allyl 33/ 84 11,4423
111-112 6
2-Methoxyethyl 75 109-110 0.5 1.4356

@ Previously prepared. Palomaa (3b) gives boiling point 119-120° (19 mm.) and d2?% 1.0641.
, Classe. sci. chim., 1940, 453; C. 4., 35, 3593 [1941]) report
¢ Previously prepared (3e),
d Previously prepared (3e) but physical constants not reported.

(8e). Nazarov and Romanov (Bull. acaed. sci. U. R.
boiling point 110-112° (9 mm.) and »!%p 1.4230.
boiling point 125-126° (22 mm.) and #2'p 1.4202.

S. S.

— Analyses, Yp——————e
Caled. Found. —
Neut. Car- Hydro- Neut. Car- Hydro-
a2, eq. bon gen eq. bon gen
1.0635 i18.1 120.0 . ce
1.0237 132.1 132.0 ..
1.0192 132.1 131.3 ..
0.9929 146.1 57.5 9.67 147.3 57.1 10.0
0.9843 146.1 57.5 9.67 146.0 57.0 9.74
0.9946 146.1 57.5 9.67 146.4 57.3 9.76
0.9697 160.2 .. ... 162.7
0.9725(d18yg)
0.9833 160.2 60.0 10.1 159.4 59.7 10.3
1.0604 130.1 55.4 7.75 130.8 55.3 8.17
1.1146 148.2 48.6 8.16 150.8 48.3 8.35

b Previously prepared

Nazarov and Romanov (loc. cit.) report

¢ Previously prepared. Constants reported are boiling point 135° (12 mm.) (3¢, 3f) and d'8 0.974 (3a). / Reaction tem-

perature was 60-70°,

TasLE III
g-Arxoxvrropionre Acrps (Dmasic), R(CH.CH,COOH):
Analyses, %
VYield, M. p., - Caled. - Found-
R % °C. Neut. eq. Carbon Hydrogen Neut. eq. Carbon Hydrogen
—O0— 97 60-61*° 81.07 44.5 6.18 81.77 44.8 6.56
—O(CH;),0— 94 66° 103.1 46.6 6.86 103.5 47.0 7.24
—O(CH;3)s0— 90 86-87¢ 110.1 49.1 7.32 111.1 49.3 7.62
—O0(CH):0(CH,);,0— 91 oir 125 137/

@ Recrystallized from an ether—petroleum ether (b. p. 60-70°) mixture by cooling to —40°,
¢ Recrystallized from benzene containing a little acetone.

(1 mm. or less) with slight decomposition.

from benzene containing a little petroleum ether (b. p. 60-70°).

tion at 0.5 mm. or less. 7 Crude product.

TABLE IV
$-BROMOPHENACYL (3-ALKOXYPROPIONATES, ROCH,CHj-
COOCH;COC¢H;Br-p
M. p., Bromine, %?b

R Crystalline forma °C. Caled. Found
Ethyl Large leaflets 47-48 25.4 25.1
#n-Propyl Shiny leaflets 57-58 24.3 24.2
Isopropyl Tiny plates 44-44.5 24.3 23.9
n-Butyl Shiny leaflets 55 23.3 23.0
Isobutyl Fibrous needles 58-59 23.3 23.2
s-Butyl oa ... .. ..
Isoamyl Glistening needles 56 22.4 22.2
s-Amyl oa - L. .. ..
Allyl Tiny plates 38-39 24.4 24.3
2-Methoxy-

ethyl Oil ca. 15 .. .

@ Recrystallized by dissolution in aqueous ethanol at
room temperature followed by cooling to —20°. ? By
micro pearl tube.

isoamyloxy-, s-amyloxy-, and 2-methoxyethoxy-com-
pounds were prepared by this method.
B-Isobutoxypropionic Acid.—8-Isobutoxypropionitrile
(76.2 g., 0.6 mole) was stirred with 120 g. (1.20 moles)
of concentrated hydrochloric acid for four hours at 75~
80°. The cooled reaction mixture was diluted with
sufficient water to dissolve the precipitate of ammonium
chloride. The organic layer was separated and the aqueous

b Boiling point 189-192°
4 Recrystallized
¢ Decomposed at about 225° upon attempted distilla-

TABLE V

B-ALkoxyYPROPIONAMID S (DiBasic), R(CH:CH,CONH;),
Nitrogen, %/

R M. p., °C. Caled. Found

—0—* 143.5-144 17.5 17.4
—OQ(CH,),0—? 1233 13.7 13.6
—O(CHy);0— 1244 12.8 12.5
—O(CH;):0(CH;):0—* 103-103.5 11.3 11.2

@ Previously prepared by another method (13). M. p.
reported, 146°. ? Previously prepared by another meth
(16a). M. p. reported, 123-124°. ¢ Previously pre-
pared by another method (16). M. p. reported, 103-
104°. 4 Mixed melting point of these two substances
was 95-110°. ¢Change in crystal structure at 107°.
Melted sharply at 104° without resolidification under
rapid heating (10° per minute). / By micro Kjeldahl.

solution was extracted with ether. Distillation gave 63
g. of material boiling at 105-110° (5 mm.). The neutral
equivalent, 157, indicated a yield of 67%,.

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

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

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

Acid Hydrolysis of 1,4-Di-(2-cyanoethoxy)-pentane.—
A stirred mixture of 40 g. (0.19 mole) of 1,4-di-(2-cyano-
ethoxy)-pentane and 76 g. (0.76 mole) of concentrated
hydrochloric acid was heated for five hours at 80-90°.
Extraction with chloroform gave 40.5 g. of uncrystallizable
oil of neutral equivalent 199. This material was esterified
by refluxing with absolute ethanol containing a trace of
dry hydrogen chloride. Upon distillation the principal
fraction consisted of 13 g. of colorless liquid which con-
tained chlorine and was shown by the ferric hydroxamate
test!? to be an ester. The physical constants were boiling
point 109-112° (2.5 mm.), d25, 1.0325, and #2%p 1.4386.

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

Anal. Caled. for C,0H1s0;Cl: MRp, 56.63; C, 53.9;
H, 8.60; Cl, 15.9. Found: MRp, 56.75; C, 53.6; H,
8.82; Cl, 15.2.

1,4-Di-(2-carbethoxyethoxy)-pentane.—Sixty grams
(0.16 mole) of coarsely pulverized 1,4-di-(2-cyanoethoxy)-
pentane bis-(ethyliminoester hydrochloride)!? was ad-
ded in small portions to 200 ml. of distilled water at
room temperature. The addition was carried out over
a period of twenty minutes and the mixture was stirred
continuously. The solid dissolved readily and no change
in temperature was observed, but an oil began to separate
at once. The mixture was finally heated at 45° for
thirty minutes, cooled, and extracted with ether. Dis-
tillation of thée dried ether extract gave 28 g. (58%) of
colorless liquid of boiling point 142-145° (0.5 mm.), d25,
1.0174, and »2°p 1.4363.

Anal. Caled. for Cy;sHzsOs: sapn. equiv., 152.2; C,
59.2; H, 9.27. Found: sapn. equiv., 151.4, 152.4; C,
59.5; H, 9.54.

Alcoholysis of 1,4-di-(2-cyanoethoxy)-pentane by the
methods of Spiegel!® and Sabetay!? gave complex mixtures.
1,4-Di-(2-carbethoxyethoxy)-pentane was obtained in
339% yield, however, by a modification of the procedure
described by Kimball, Jefferson and Pike?? for the prepara-
tion of ethyl a-phenylacetoacetate.

With a view to characterization of 1,4-di-(2-carbethoxy-
ethoxy)-pentane by conversion to the sodium salt of the
corresponding acid, an attempt was made to saponify
the ester by gentle warming with the calculated quantity
of alcoholic sodium hydroxide. The experiment was
abandoned when the reaction mixture began to exhibit
a strong odor of ethyl acrylate.

Discussion

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

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

(17) Davidson, J. Chem. Education, 17, 81 (1940).

(18) Spiegel, Ber., 51, 296 (1918).

(19) Sabetay, Bull. soc. chim., [4] 46, 534 (1929).

(20) Kimball, Jefferson and Pike, ‘“Organic Syntheses,” Coll. Vol.
II, A. H. Blatt, Ed., John Wiley and Sons, Inc., New York, N. V.,
1943, p. 284.
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treated with aqueous alkali was unexpected, inas-
much as other investigators have successfully em-
ployed basic hydrolysis for the conversion of the
cyanoethyl derivatives of active methylene com-
pounds,*! isatin,?? pyrrole?? and ammonia? to the
corresponding acids. It has been established,
however, that the base-catalyzed reaction of an
alcohol with acrylonitrile produces an equilibrium
mixture which contains, in addition to the gB-
alkoxypropionitrile, appreciable quantities of the
reactants. It is suggested that under the con-
ditions of the basic hydrolytic experiments herein
described, partial decomposition of the g-alkoxy-
propionitriles into their generators took place with
subsequent formation of complex hydrolysis mix-
tures. It is deemed significant that one of the
products of the basic hydrolysis of B-ethoxypro-
pionitrile exhibited properties suggestive of acry-
lic acid or one of its derivatives. Hollihan and
Moss? have reported that acrylonitrile reacts with
commercial viscose solutions to form cyanoethyl
ethers of cellulose xanthate, and that during the
aging process the latter are hydrolyzed by the ap-
proximately 3%, sodium hydroxide normally pres-
ent to form carboxyethyl ethers. These hydroly-

-sis conditions are, of course, much less drastic than

those employed in the present study.

Although no attempt was made to determine
optimum conditions, hydrolysis in acid media ap-
pears to be a fairly general method for the con-
version of p-alkoxypropionitriles to the corre-
sponding acids. Slightly lower yields were ob-
tained in the preparation of the B-s-alkoxypropi-
onic acids and there was a general decrease in yield
as the size of the alkyl group increased. No at-
tempt is made to explain the cleavage which ap-
parently took place upon hydrolysis of 1,4-di-(2-
cyanoethoxy)-pentane with hydrochloric acid.

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

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

(21) Bruson and Riener, THIS JOURNAL, 64, 2855 (1942); ibid., 65,
18 (1943).

(22) DiCarlo and Lindwall, $bid., 67, 199 (1945).

(23) Blume and Lindwall, J. Org. Ckem., 10, 255 (1945).

(24) Ford, THIS JOURNAL, 67, 876 (1945).
(25) Hollihan and Moss, Ind. Eng. Chem., Ind. Ed., 89, 929 (1947).
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propane was insoluble in ether, but easily soluble
in warm benzene.

Summary

1. Six hitherto undescribed g-alkoxypropio-
nitriles have been prepared.

2. A reaction mechanism is proposed to ac-
count for the fact that alkaline hydrolysis of §-
ethoxypropionitrile, di-(2-cyanoethyl)-ether and
1,4-di-(2-cyanoethoxy)-pentane failed to yield the
expected B-alkoxypropionic acids.

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

Joun H. RALEY, FREDERICK F. Rust AND WiLLIAM E. VAUGHAN
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preparation of suitable solid derivatives. The di-
basic acids and several of the monobasic acids are
described for the first time.

4. Hydrolysis of 1,4-di-(2-cyanoethoxy)-pen-
tane with hydrochloric acid yielded a chlorine-
containing acid which was isclated as the ethyl
ester. The analysis of this ester was in close
agreement with that calculated for an ethyl 8-
(chloroamyloxy)-propionate.

5. Hydrolysis of 1,4-di-(2-cyanoethoxy)-pen-
tane-bis-(ethyliminoester hydrochloride) or ethan-
olysis of 1,4-di-(2-cyanoethoxy)-pentane at low
temperatures gave 1,4-di-(2-carbethoxyethoxy)-
pentane.

WicHITA, KANSAS RECEIVED NOVEMBER 21, 1947

[CONTRIBUTION FROM THE EMERYVILLE LABORATORIES OF SHELL DEVELOPMENT COMPANY]

Decompositions of Di-f-alkyl Peroxides.

III. XKinetics in Liquid Phase

By Joun H. RaLeY, FREDERICK F. RusT aAND WiLLiaM E. VAUGHAN

In the first papers of this set,’2 the decomposi-
tion of di-#-butyl peroxide in the vapor phase was
shown to be a clean-cut, first order process, the
rate determining step of which was the scission of
the peroxy-oxygen linkage. The resultant radi-
cals, t-butoxy and the methyl derived therefrom,
can react with copresent molecules by steps which
follow the generally accepted patterns of chain in-
itiation, propagation and termination. This work
has now been extended to a study of decomposi-
tions in condensed phases.

It is well established®.P-45 that the rate of de-
composition of benzoyl peroxide varies profoundly
with the solvent; further, the first order rate is
complicated by higher order processes which be-
come increasingly important at higher concentra-
tions. In contrast, the present work reveals that
even in such diverse solvents as cumene, f-butyl-
benzene and tri-z-butylamine, the rates of decom-
position of di-t-butyl peroxide are closely the same
and, importantly, nearly equal to that in the va-
por phase. Likewise the energies of activation in
solution and vapor are approximately equivalent.
This implies, obviously, that the same simple dis~
sociation step is rate determining in all cases.

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

(CH3);CO— + R’H —> (CHy),COH + R’ (2)

(1) Raley, Rust and Vaughan, THis JOURNAL, 70, 88 (1948).

(2) Rust, Seubold and Vaughan, zbid., 70, 95 (1948).

(8) (a) Nozaki and Bartlett, ibid., 68, 1686 (1946); (b) Bartlett
and Nozaki, tbid., 69, 2299 (1947)).

(4) Cass, ¢bid., 68, 1976 (1946).

(5) Barnett and Vaughan, J. Phys. Coll. Chem., 61, 926, 942
(1947).

(CH;);CO— —> (CH,):CO + CH;  (3a)
CH; + R'H —> CH, + R’ (b)

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

Experimental
Materials

Di-t-butyl peroxide, prepared by the method of Vaughan
and Rust® and vacuum distilled (#2°p 1.3890), was used
for both the decomposition experiments and calibration of
the infrared spectrograph. By titration it analyzed 989,
pure. The several solvents were chosen for convenience
of boiling points (avoidance of undue pressure build-up in
the bombs), obtainability, ease of purification and, im-
portantly, differing abilities as hydrogen donors to free
radicals. Commercial cumene was carefully distilled and
a fraction of b. p. 152° and #2% 1.4912 was collected and
stored under nitrogen. f-Butylbenzene (Eastman Kodak
Co.) was similarly treated (b. p. 169°, #2°p 1.4922).
Tri-n-butylamine (Eastman) was treated with 3 N hydro-
chloric acid and the water-insoluble impurities removed ;
the amine was regenerated with aqueous sodium hydroxide,
washed, dried, and distilled (b. p. 214°; 2% 1.4291).

Method

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

Evidence that the decomposition is independent of the

(8) Vaughan and Rust, U. S. Patent, 2,403,771 (July 9, 1946).
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vapor volume in the tubes was obtained from the follow-
ing pair of experiments. Two sets of bombs were charged
with a stock solution of the peroxide in cumene, one set
having a vapor volume of 35%, and the other 669,. The
decompositions were then carried out at 135 = 0.1° to at
least 509, completion. The first order constants were 5.1
and 5.2 X 1078 sec.”!, respectively, and the #-butyl
alcohol-acetone ratios, 1.51/0.49 = 3.1 and 1.41/0.59 =
2.4.

Analysis

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

Results

Figure 1 gives an example of the precision of
measurement in several runs and Fig. 2 that of the
correlation of a set of experiments. The reaction
is first order to conversions as high as 859, (Fig.
3). In Table I are summarized all of the data and
included therein are corresponding values for the
vapor phase for the sake of ready comparison.
The small variation of the rates in the four media
at a given temperature is striking and argues

TABLE I

DECOMPOSITION OF Di--BUTYL PEROXIDE IN VARIOUS
ENVIRONMENTS
t-Butylbenzene

Cumene
0.799 mole DTBP/kg. soln. 0.775 mole DTBP/kg. soln.
k = 0.63(1016)¢ ~3:60/RT - k = 1,1(1016)¢ ~38,00/RT

Stoichiometry
Stoichiometryd t-
Temp., t- Butyl
=0.1° k& X 108 Butyl k X 1086  alco-
C. sec. "1 alcohol Acetone sec, 71 hol Acetone
125 1.6 =0.1 1.61 0.39 1.5 0.2 0.75 1.25
135 5.2 =0.3 1.51 0.49 5.0=0.3 0.56 1.44
145 15.6 =1.3 1.23 0.77 16.1 =2.2 0.46 1.54

Tri-n-butylamine
0.867 mole DTBP/kg. soln.
k = 0.35(1016)¢ 87,00 /RT

Vapor phase®
~386 mm,
k = 3.2(1016)¢—39,100/RT

N Stoichiometry
Stoichiometry/ t-
Temp., - Butyl
=0.1° & X 10%b Butyl k X 105¢  alco- Ke-

. sec, 71 alcohol Acetone sec. ~1 hol tonese
125 1.7 =0.3 ¢a.1.9 ¢ca.0.1 1.1 0 2.0
135 4.2 =0.4 ca.1,9 c¢a.0.1’ 3.6 0 2.0
145 16.0 =2.1 ¢a.1.9 cae. 0.1 11.5 0 2.0

@ Interpolated and extrapolated from Ref. (1): temp.
range 139.8-159.8° (=0.04°). ® Calculated from data for
the first 509, decomposition. ¢ Calculated from data for
the first 339, decomposition. ¢ Products from one mole-
cule of ROOR (R = t¢-butyl); see equations (2) and
(3a) + (3b). ¢ Principally acetone with ca. 5% methyl
ethyl and higher ketones. / Acetone formation with this
solvent is too small to allow precise determination of the
stoichiometry.
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strongly for the unimolecularity of the decomposi-
tion,” especially in light of the large differences in
the fate of the -butoxy radicals. There is a slight
trend of & with concentration (Table II), but this
variation is no greater than that exhibited by the
decomposition of nitrogen pentoxide in carbon tet-
rachloride.?
. TaABLE II
DECOMPOSITION OF DI-f-BUTYL PEROXIDE IN CUMENE
Temp. 135.0 = 0.1°

k X 1058

Initial
concentration

(moles/kg. soln.) (sec.™ 1)
0.455 4.9=0.4
0.799 5.2= .1
1.62 50= .2
2.35 5.7= .4

o Calculated from data for the first 509, decomposition.

The regular behavior in tri-n-butylamine is es-
pecially interesting in view of Nozaki and Bart-
lett’s®? finding of explosive reactions of benzoyl
peroxide in nitrogen-containing solvents. Di-¢-
butyl peroxide does not behave as an oxidizing
agent in the usual sense of the expression.

(7) For comparison with the thermal decomposition of N20s in
various solvents, see F. Daniels, “Chemical Kinetics,”” Cornell
University Press, Ithaca, N. Y., 1938, pp. 100-107.

(8) Eyring and Daniels, THis JOURNAL, 62, 1472 (1930).
(9) Also private communication from Dr. Nozaki.
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- process is rate-determining in all cases.
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The trends in the stoichiometries enable one to
calculate roughly the differences in the activation
energies of the steps 2 and 3a. The values of
(Esa — E,) are ca. 16 kcal. for cumene and 11
for t-butylbenzene. It should be mentioned that
calculation shows that step 3a is endothermic to
the extent of ca. 5 kcal.

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

Summary

The small variation in the first order rates of
decomposition of di-t-butyl peroxide in cumene,
t-butylbenzene and tri-z-butylamine solution and
in the vapor state is strong evidence that the same
This is
thought to be unimolecular scission of the peroxy-
oxygen linkage. With increasing temperature the
t-butoxy radicals become more subject to loss of
methyl rather than abstraction of hydrogen from
solvent molecules.

EMERYVILLE 8, CALIFORNIA RECEIVED OCTOBER 6, 1947

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, STANFORD UNIVERSITY]

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

By PauL H. RicHARDS AND JamMeEs W. McBaiN

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

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

(1) Hartley, J. Chem. Soc., 1968 (1938). .

(2) McBain, Merrell and Vinograd, THIs JOURNAL, 63, 675 (1941).

(3) McBain and Merrill, Ind. Eng. Chem., 34, 915 (1942).

(4) McBain, in ““Advances in Colloid Science,” Vol. I, Interscience
Publishers, Inc., New York, N. Y., 1942, pp. 129, 131.

(5) McBain and Green, THIS JOURNAL, 68, 1731 (1946).
(6) McBain, Wilder and Merrill, J. Phys. Chem. 62, 12 (1948).

and Haas); compare previous publications using
these detergents.?57 The relative effects of a
number of detergents with a series of insoluble or-
ganic liquids has already been reported.”

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

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

(7) McBain and Richards, Ind. Eng. Chem., 88, 642 (1946),
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into the reacting bottle to make up a 10 cc. solu-
tion of the desired concentration.

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

Results

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

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

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

Table I presents the data for the solubilization

(8) McBain and Field, J. Phys. Chem., 80, 1545 (1930).
(9) Lawrence, Trans. Faraday Soc., 88, 825 (1937).
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of the aliphatic hydrocarbon octane, the aromatic
hydrocarbon benzene, and the polar compound
octyl alcohol, with and without various additions
of sodium and potassium chloride. All results for
solubilization in this paper are corrected for the
solubility of benzene in pure water (see Table I of
ref. 7). For benzene this may be an over-correc-
tion in dilute solution because it makes the ratio
moles liquid/moles detergent appear to pass
through a minimum. The results of Table I are
graphically presented in Fig. 1. From the figure
it is seen that potassium chloride has the larger ef-
fect on the solubilization of benzene in dilute solu-
tions of detergent, and sodium chloride at higher
concentrations, but the curves cross at 0.19 N
where they are therefore equal. The results also
clearly show that the addition of salts increases
the solubility of the hydrocarbons, but that it
equally definitely, and quite strongly, depresses
the solubilization of the octyl alcohol. However,
in the case of benzene above a certain concentra-
tion of added salt the solubilization begins to be
again depressed and there is a slight indication
that a similar result might occur with octane in

TaBLE 1
EFFECT OF VARYING SALT CONCENTRATION ON SOLUBILIZA-
TION OF BENZENE, OcTANE AND OcTYL ALCOHOL BY 0.1 N
CETYLPYRIDINIUM CHLORIDE. Ny, EQUALS VOLUME NOR-

MALITY
NaCl KCl1
Total in Ratio ‘Total in Ratio
solution mole/mole solution mole/mole
Ny ofsalt cc./100 ce.  solubilized ~ ce./100 ce.  solubilized
Benzene
0 1.88 2.03 1.88 2.03
0.0156 2.25 2.40 2.30 2.50
.03125 2.45 2.67 2.50 2.71
.0625 2.65 2.89 2.80 3.06
.125 3.05 3.34 3.40 3.74
.25 3.90 4.29 3.30 3.62
.50 3.50 3.85 2.30 2.49
1.00 2.50 2.72 2.20 2.38
Octane
0 0.40 0.242 0.40 0.242
0.0156 .43 .261 .44 .267
.03125 .50 .304 .50 .304
. 0625 .55 .335 .60 .366
.125 .63 .383 .65 .396
.25 .75 .458 .70 .427
.50 1.00 .60 .80 .488
.75 1.05 .64 .. N
1.00 1.00 .60 1.00 .60
Octyl Alcohol
0 1.10 0.652 1.10 0.652
0.0156 1.08 .639 1.05 .619
.03125 1.06 .628 0.98 .575
.0625 0.97 . 569 .90 .525
.125 .90 .515 .85 .493
.25 .80 .462 .75 .429
.50 .60 .335 .60 .335
1.00 .55 .310 .40 .208
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Fig. 1.—Effect of varying salt concentration on solubili-
zation of benzene, octane and octyl alcohol by 0.1 N cetyl-
pyridinium chloride.

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

TasLE II

EFFECT OF VARYING CONCENTRATION OF SODIUM CHLORIDE .

AND CETYLPYRIDINIUM CHLORIDE ON THE SOLUBILIZA-
TION OF BENZENE, OCTANE AND OCTYL ALCOHOL
No salt 0.125 NaCl 0.5 NaCl

Total in Mole/ Total in Mole/ Totalin Mole/
Ny solution mole solution mole solution mole
cetyl cc./100 solubil- cc./100 solubil- cc./100 solubil-
pyr. chl. cc. ized ce. ized ce. ized
Benzene
0.00625 0.28 3.6 ..
.0125 .40 2.9 0.48 3.6 0.56 4.3
.025 .60 2.3 0.80 3.2 1.00 4.1
.05 96 2.0 1.50 3.2 1.80 3.8
.1 1.8 2.0 3.06 3.2 3.50 3.7
.2 3.70 2.0 6.00 3.3 7.40 4.2
.4 8.50 2.4
Octane
0.0125 0.02 0.08 0.05 0.23 0.07 0.33
.025 .08 .19 .12 .29 .16 .38
.05 .20 .21 .30 .36 .40 .48
.1 .40 .24 .63 .38 1.00 .60
.2 1.00 .31 1.50 .45 1.90 .67
.4 2.50 .38

Octyl Alcohol
0.0125 0.18 0.56 0.12 0.26 0.08 0.04

.025 .30 .58 .26 .40 .12 .12
.05 .50 .61 .40 .42 .30 .29
.1 1.10 .65 .90 .52 .60 .34
.2 2.30 .70 1.70 .54 1.20 .37
.4 3.60 .56

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

Mole/mole ratio.

Fig.

eyl ALGOHOL - NO SALT
L - - SALT —_—
/ 0.5 SALT
< 1 N . N
005 0.1 02 - ”

Concn. of CPC.
2.—Effect of varying concentration of sodium

chloride and of cetylpyridinium chloride on the solubiliza-
tion of benzene and octyl alcohol.

Mole/mole ratio.

[ ]
T

BENZENE = NO SALT /

ocTYL ALCOHQL - o LT
€

o

/M
— i 'l 1 1
0.1 0.2 0.4
. Concn. of CPC.

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

Discussion

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

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

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

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

(10) McBain and Brady, THIS JOURNAL, 65, 2072 (1943).
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tergent and of salt, lower the solubilization. We
therefore suggest that with this polar compound,
the solubilization occurs on or between the polar
ends of the micelles that are exposed to the water.
Hence the salt is now in competition with the solu-
bilized material at the polar ends of the detergent
molecules and interferes with its solubilization.
Salt itself is sorbed by the micelles.*!

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

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

TasLE III
SoLuBILIZATION BY 0.1 N CETYLPYRIDINIUM CHLORIDE AT
25°
Total in
100 ce. G. Mole/mole

Material solution solubilized ratio
Oleic acid® 0.22 0.19 0.065
n-Decane .25 .19 .14
Octane .4 .28 .24
n-Hexane .66 .42 .49
Cyclohexane .75 .55 .66
Xylenol .88 .60 .49
m-Cresol .96 .64 .59
n-Octyl alcohol 1.10 .86 .66
p-Xylene 1.2 1.02 .97
Ethylbenzene 1.3 1.11 1.05
Toluene® 1.6 1.33 1.45
Benzene? 1.88 1.57 2.03
Octylamine® 2.6 2.0 1.55
Benzaldehyde 2.24 2.06 1.94
Methyl isobutyl ketone 4.8 2.02 2.02
Methyl ¢-butyl ether 9.6 2.04 2.31

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

TABLE IV

SoLuBILIZATION BY 0.0733 M TriTOoN X-100 AT 25°
(MorLEcULAR WT. 600)
Total in

100 ce. G. Mole/mole

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

¢ Impure, containing water.

(11) Tartar and Cadle, J. Phys. Chem., 43, 1173 (1939).
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oleate and potassium laurate, and seven of the
thirty-five were solubilized by Emulsol 607L and
cetylpyridinium chloride. Tables III and IV of
the present paper also include solubilization of 8
additional organic liguids by a non-ionic detergent,
Triton X-100. Not shown in the tables are the
results of soluhilization of amyl valerate and of 1-
chloronitropropane by decinormal Emulsol 607L
at 25°, namely: 0.44 and 1.14 cc. total in 100 cc.
solution, or 0.39 and 1.40 g. solubilized, or 0.25
and 1.14 mole ratio, respectively.

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

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

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

Summary

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

2. Whereas all previous studies have shown
that added salts greatly enhance solubility, and
this is confirmed for the solubilization of benzene
and octane by cetylpyridinium chloride, it is
found that the solubilization of the polar com-
pounds octyl alcohol and benzaldehyde is greatly
depressed by the addition of sodium or potassium
chloride. Itissuggested that whereas with hydro-
carbons and many other organic liquids solubiliza-
tion occurs in the hydrocarbon portion of the mi-
celles, with these polar compounds the solubiliza-
tion occurs at the polar ends of the detergent mole-
cules in the micelles.

STANFORD UNIVERSITY, CALIFORNIA
RECEIVED JUNE 30, 1947
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The Polarographic Reduction of Gadolinium

BY SHERMAN W. RABIDEAU AND GEORGE GLOCKLER

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

Kolthoff and Lingane?® expressed doubt that the

(1) W. Noddack and A. Brukl, Angew. Chem., 50, 362 (1937).

(2) R. H. Leach and H. Terrey, Trans. Faraday Soc., 83, 480
(1937).

(3) 1. M. Kolthoff and J. J. Lingane, ‘‘Polarography,” Intersci-
ence Publishers, Inc., New York, N. V., 1941,

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

Experimental Procedure

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

(4) Lingane, Ind. Eng. Chem., Anal. Ed., 18, 734 (1946).
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Lingane and Laitinen® was used in all other cases. The
temperature was maintained at 25.0 = 0.1°. Oxygen
was removed from the solutions with nitrogen or hydrogen.
With the exception of the waves recorded using the
mercury pool anode, all diffusion currents have been cor-
rected for the residual currents, and the half-wave poten-
tials were corrected for the ZR drop in the cell. Because
of the lag of the recorder, and the difficulty of measuring
the diffusion currents, the reported half-wave potentials
are believed to be reliable within =0.01 volt.

A spectrographic analysis of the rare earth confirmed

the presence of traces of europium. Small amounts of
terbium in the sample are suspected because of the dis-
appearance of the brown color of the oxide in a reducing
atmosphere. Because of the limited sample of rare earth
it was necessary to recover the gadolinium for subsequent
analyses. The gadolinium was precipitated as the oxalate
in dilute hydrochloric acid solution, and ignited to the
oxide. Before use in preparing a solution for polarographic
analysis, the sample was carried through the oxalate—
oxide conversion twice to remove salts of the supporting
electrolyte and gelatin. The oxide was chosen as the
weighing form, and precautions were taken to avoid the
interference of carbon dioxide and moisture. The sulfate
solutions were prepared from the dry oxide by adding an
excess of sulfuric acid, evaporating to dryness, and finally
heating to complete removal of fumes of sulfur trioxide.
The desired molarities were obtained by dilution with
conductivity water.

Experimental Results

The procedure of Noddack and Brukl' was fol-
lowed in an attempt to repeat their work with re-
gard to the polarographic reduction of gadolinium.
A 0.01 M solution of gadolinium sulfate was elec-
trolyzed using a mercury pool anode. A polaro-
gram of the type illustrated in Fig. 1 was ob-
tained. It is of interest to note that the step
height of the wave is much less than would be pre-
dicted on the basis of results obtained with sup-
porting electrolyte present. Though Noddack
and Brukl! reported values of —1.810 and —1.955
volts vs. the N.C.E. for the Knickpunki of the two
waves, the results of Fig. 1 indicate that the sec-
ond wave is not sufficiently well enough defined to
establish the existence of a second reduction step.

Current.

i

2lua

L

—2.0 —-2.2 —24 —2.6
Applied e.m.f.

Fig. 1.—0.01 M gadolinium sulfate without supporting

electrolyte: mercury pool anode.

The polarographic behavior of gadolinium sul-
fate was studied with a supporting electrolyte of
0.1 N lithium chloride plus 0.019, gelatin using the
H-cell. A single well-defined wave was obtained

(5) Lingane and Laitinen, Ind. Eng. Chem., Anal. Ed., 11, 504
(1939).
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with a linear relationship observed between the
concentration and the diffusion current (Table I).
TaABLE I

GADOLINIUM SULFATE IN 0.1 N LitmruMm CHLORIDE PLus
0.019%, GELATIN

Millimoles El/3 vs,
of Gd*+s S.C.E. ia
per liter volts m*/u'/s microamp. {d/e Ig
0.80 -1.74 1.693 5.1 6.4 3.8
1.60 -~1.74 1.758 10.1 6.3 3.6
4.00 ~1.77 1.716 26.2 6.6 3.8

To note the effect of additions of acid on the
current-voltage curves, increasing quantities of
0.05 N hydrochloric acid were added to 14 ml. of
4.00 millimolar Gd+3. As the solution became
more acidic, the hydrogen wave increased pro-
portionately with the half-wave at — 1.5 volts vs.
the S.C.E., but the wave height due to the reduc-
tion of gadolinium was not appreciably affected.
The half-wave potential of gadolinium was shifted
to more negative values with increasing acid con-
centration as shown in Table II.

TABLE 11

EFFECT OF AciD ON THE HALF-WAVE POTENTIAL OF
GapoLiNtuM IN 0.1 N Litaivm CHLORIDE PLus 0.019)

GELATIN
MI. of 0.05 N HC1' El/3 95, S. C. E., volts
0.00 —-1.77
.10 —1.79
.20 —1.80
.40 —1.82
.60 —1.84
.80 —1.86
1.00 —1.86
1.50 —1.91
2.00 —1.93

Fig. 2 illustrates the effect of added acid with a
supporting electrolyte of 0.1 NV tetramethylammo-
nium iodide plus 0.019, gelatin.

Current.

L L

—1.6 —1.8
Eq.e. v5. S.C.E., volts.
Fig. 2.—Gd*3 in 0.1 N tetramethylammonium iodide
plus 0.019% gelatin: (1) residual current; (2) 4.0 milli-
molar; (3) 0.30 ml. of 0.05 N HCl added to 14 ml, of
4.0 millimolar.

—1.4 -2.0

The wave definition in a supporting electrolyte
of 0.1 N potassium chloride was about the same
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as that observed with lithium chloride. The re-
sults of the polarographic reduction of gado-

linjum sulfate in potassium chloride are given in
Table III.

TaBLE IIT

GApOLINIUM SULFATE IN 0.1 N Potassium CHLORIDE
Prus 0.019, GELATIN

Migﬁeles Ei/, 8. C. E. i
per liter volts m*/3¥/s  microamp. ia/e Ia
0.80 —1.75  1.780 5.2 6.5 3.9
1.60 —-1.75 1.788 10.3 6.4 3.6
4.00 -1.77 1.728 26.9 6.7 3.7
Discussion

The values of the quantity m*/s'/s were deter-
mined at the potential at which the diffusion cur-
rent was measured. The average value of the
diffusion current constant, 14, for Gd+2® was found
to be 3.7. Using equivalent conductance data
given by Pascal,® and extrapolating to infinite di-
lution, a value of 125 ochm—! ¢m.? was obtained for
gadolinium sulfate. If the value 80 is used for the
sulfate ion, the equivalent ionic conductance of
gadolinium is then 45 ohm~! sq. cm. By sub-
stituting the value of the ionic conductance of
gadolinium into the Nernst relation

DY = 2.67 X 107 (\/2)

the diffusion coefficient is found to be 4.0 X 10—%
sq. cm. sec™!. With the above quantities substi-
tuted into the Ilkovic equation, the number of elec-
trons involved in the electrode reaction is found

(6) Pascal, “Traité de Chimie Minérale,”” Masson et Cie.,
Editeurs, Paris, 1933,
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to be three. Thus the results indicate that the re-
duction of gadolinium at the dropping electrode
takes place according to the reaction

Gd*3 4 3e —> Gd°

An analysis of the polarographic waves was
made by noting the slope of the line produced in
plotting values of log 7/7q4 — % vs. Eq.e. The ir-
reversibility of the electrode reaction is indicated
by the fact that the slope is not as steep as would
be expected on the basis of a three electron reduc-
tion.

Summary

1. The results of Noddack and Brukl were not
confirmed with regard to the polarographic reduc-
tion of gadolinium sulfate.

2. An increasing acid concentration shifts the
half-wave potential of gadolinium to more nega-
tive potentials.

3. A value of 4.0 X 107% sq. cm. sec.”! was
calg:ulated for the diffusion coefficient of Gd+2 at
25°.

4. The results indicate that the reduction of
gadolinium at the dropping mercury electrode in-
volves three electrons.

5. The average value of the diffusion current
constant for Gd+2 was found to be 3.7 at 25° in a
supporting electrolyte of 0.1 NV lithium chloride or
0.1 N potassium chloride.

6. The half-wave potential for 4.0 millimolar
Gd+? was found to be —1.77 volts vs. the S.C.E.
with 0.1 N lithium chloride, and with 0.1 IV po-
tassium chloride as the supporting electrolytes.

Iowa City, Iowa RECEIVED JUNE 9, 1947

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING, STATE UNIVERSITY OF JowWaA]

Reduction of Neodymium at the Dropping Mercury Electrode

By C. R. ESTEE AND GEORGE GLOCKLER

The polarographic behavior of neodymium in
the presence of supporting electrolyte has not
previously been described. The present study
was undertaken. to allow the application of the
Ilkovic equation?! to obtain the z-value for the re-
duction of the trivalent neodymium ion, and to
establish under proper polarographic conditions
the half-wave potential for the reduction. No
evidence of the previously reported? two-step re-
duction from water solutions was obtained.

Experimental

The polarograms were recorded with a Sargent Model
XX Visible Recording Polarograph of the Heyrovsky type,
the design and operating characteristics of which have
recently been discussed by Lingane.? A conventiona]

(1) Ilkovic, J. chim. phys., 35, 129 (1938).
(2) Noddack and Brukl, Angew. Chem., §0, 362 (1937).
(3) Lingane, Ind. Eng. Chem., Anal. Ed., 18, 734 (1946).

dropping mercury cathode assembly was used, the stand
tube being provided with an adjustable mercury reservoir.
The usual H-type electrolysis vessel with a sintered glass
plug and agar bridge was employed. Measurements
were made with respect to a mercury anode. Solution
temperatures were maintained at 25.0 = 0.1° by means of
a thermostat. The drop time was varied between two and
five seconds. Hydrogen or nitrogen was bubbled through
the solution to remove dissolved oxygen.

The neodymium salt was obtained as the nitrate and
an examination of the absorption curve found with a Bell
and Coleman spectrophotometer showed no detectable
impurities. Neodymium oxide was prepared by ignition
of the oxalate precipitated from a warm acid solution
of the nitrate. The oxide was treated with an excess
of sulfuric acid and heated for eight hours at 440° to give
the octahydrate of neodymium sulfate. Solutions of
supporting electrolytes prepared from analytical grade
reagents showed no detectable impurities.

Diffusion coefficients of 6.03 X 1078 sq. cm./sec. for
the neodymium ion and 8.15 X 107% sq. cm./sec. for

(4) Lingane and Laitinen, $bid., 11, 504 (1930).
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neodymium sulfate were calculated by means of conduct-
ance data® and the Nernst equation.é

Half-wave potentials were measured in the usual man-
ner, with all values being calculated with respect to the
saturated calomel anode and corrected for the 7R drop
in the cell to an accuracy of =0.01 volt.

Data and Discussion

No Supporting Electrolyte.—No indication of
the double waves (Inset, Fig. 1) reported by
Noddack and Brukl? was found; a single wave
(Fig. 1) resulted when water solutions of neody-
mium sulfate were reduced at the dropping mer-
cury electrode. The suggestion” has been made
that the first wave reported by Noddack and
Brukl? might be due to the discharge of hydrogen
ion from the hydrolyzed solutions. However, al-
though fresh solutions of both neodymium and
praseodymium sulfate were slightly acidic, no in-
dication of such a wave could be found. Recent
work by Thomas and Kurbatov® with yttrium like-
wise makes doubtful the existence of the two-step
waves reported by Noddack and Brukl.?

Current,

Volts zs. S. C. E.

1.—Neodymium sulfate, 4.0 molar, no supporting
Inset shows curves of Noddack and Brukl.2

Fig.
electrolyte.

Lithium Chloride as Supporting Electrolyte.—
The half-wave potential was found to vary
with the concentration when lithium chloride
(0.019% gel added) was used as the supporting
electrolyte; no comsistent linear relationship be-
tween step height and concentration was observed
(Table I). The variation in the step heights is
probably caused by the simultaneous deposition
of hydrogen and neodymium. To separate the
two waves sulfuric acid was added to the solu-
tions; as the concentration of acid increased, the
hydrogen preceded and was well separated from
the neodymium wave (Fig. 2). With the use of

(5) “International Critical Tables, Vol. VI,” 233 (1933).

(6) W. Nernst, Z. physik Chem., 2, 613 (1888).

(7) Lingane and Kolthoff, ‘“‘Polarography,” New York Inter-
science Publishers, Inc., New York, N. Y., Revised Reprint, 1936, p.
305.

(8) Thomas and Kurbatov, Paper No. 16, Division of Physical
and Inorganic Chemistry, Atlantic City Meeting, American Chemi-
cal Society, April, 1947,
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TABLE 1

EFFECT OF CONCENTRATION ON THE HALF-WAVE POTEN-
TIAL OF NEeopvyMmrum witH 0.1 Morar LiCl As ELec-

TROLYTE

Concen- .

tration g
millimoles/1. E1l/, microamp. iq/c
1.6 —1.77 17.9 11.2
1.6 —1.78 18.0 11.2
4.0 —1.81 31.1 7.8
4.0 —1.81 28.6 7.2
8.0 —1.83 49.2 6.2
8.0 —1.83 49.6 6.2

2.0 millimolar sulfuric acid solutions fairly well de-
fined waves were obtained (Fig. 3); the half-wave
potential was constant, and a linear relationship
between concentration and step height was found.

ADDITION
. ACID
g no acd
(g) I, 2 mwmotar
O.4mwmorar
1 | I | .
—1.51 —166 -—181 -—1.96

Volts 9s. S. C. E.

Fig. 2.—Addition of acid with lithium chloride as a sup-
porting electrolyte.

Current.

—1.54 —1.84

Volts vs. S. C. E.
Fig. 3.—Acid solutions with lithium chloride showing
separated hydrogen wave.

As shown by Table II the electrode reaction is
Nd+3 — Nd° The calculated diffusion current
was obtained by the use of the Ilkovic equation,
assuming that » = 3.

Tetramethylammonium Iodide as Supporting
Electrolyte.—A single wave (Fig. 4) is obtained
from sulfuric acid solutions of this supporting
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TABLE 11

EXPERIMENTAL VALUES OF # WITH 0.1 M LiCl As SuprorT-
1NG ELECTROLYTE (0.019, GEL -+ 2.0 MrLLiMOLAR H,SO,

ADDED)

Concen- .
tration id iq n
millimoles/1. Ei/y exp. caled. exp.
0.4 —1i.82 2.8 2.9 2.9
0.8 -1.82 5.6 5.8 2.9
1.2 —1.82 8.7 8.9 2.9
2.0 —1.82 13.8 14.4 2.9
4.0 —1.82 28.2 29.4 2.9

electrolyte; the apparent second wave in the

range —1.94 to —2.04 being characteristic of the
supporting electrolyte used. In the absence of

urrent.

~.
-

(

y '

202

/JMM:"MM&MMWMWMM %ip_a_

Fig. 4.—Acid solution with tetramethylammonium iodide:
recorder sensitivity, (a) 3-75; (b) 3-50; (c) 8-25.

acid, variations in half-wave potentials and diffu-
sion currents occur (Table IIT) which are not evi-

TaBLE III

NEUTRAL SOLUTION OF 0.1 M TETRAMETHYLAMMONIUM

IopIDE AS SUPPORTING ELECTROLYTE (0.19, GEL ADDED)
Concen-

tration iq 'd Iq
millimoles/1. exp caled. exp. « El
2.0 16.2 16.0 4.47 —1.80
2.0 15.8 15.9 4.42 —1.80
0.8 6.9 6.5 4.71 —-1.73
.8 6.9 .. . —1.73
.4 3.6 3.2 4.96 —-1.75
4 3.6 3.2 4,94 —-1.75
TABLE IV

SuLruric Acip (2.0 MiLLIMOLAR) SoLuTIiON oF 0.1 M
TETRAMETHYLAMMONIUM IODIDE AS SUPPORTING ELEC-
TROLYTE (0.01%, GEL) ’

Concen- . .
tration iq id Ig
millimoles/1. exp, cale. exp. E1/y
2.0 15.6 16.0 4.32 —1.83
2.0 15.9 16.0 4.41 —1.83
0.8 6.4 6.4 4.48 —1.83
.8 6.4 6.4 4.46 —-1.83
4 3.1 3.2 4.26 —1.83
.4 3.2 3.2 4.45 —1.83
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dent when a 2.0 millimolar acid solution is used
(Table IV). These data serve to indicate that in
neutral media the measured diffusion currents are
the result of the simultaneous deposition of neody-
mium and hydrogen since the measured currents
are Jarger than those expected by the application
of the Ilkovic equation. When acid is added to
cause a definite prewave due to hydrogen the
measured diffusion currents are Jess than those pre-
dicted on the basis of the Ilkovic equation; this is
to be expected. The diffusion current constant
(I4) obtained in 2.0 millimolar sulfuric acid solu-
tion agrees closely with the theoretical value of
4.46 obtained if the reaction at the electrode is
assumed to be Nd+3 — Nd°.

Other Supporting Electrolytes.—A single step
curve (Fig. 5) was obtained from potassium
chloride solutions; - half-wave potential was
—1.83 from a 2.0 millimolar sulfuric acid solution
of 0.1 M potassium chloride. Again the single
step indicates the reduction Nd+3 — Nd° Am-
monijum chloride was not satisfactory as a sup-
porting electrolyte, the curves being poorly de-
fined.

O.IM KCL
2.0mumowr ND'3

Current.

-1.67 —182 —1.97
Volts vs. S. C. E.

Fig. 5.—Neutral potassium chloride solution: (a) residual
current.

Summary

A single wave is obtained from water solutions
of neodymium sulfate; this is in contradiction to
the results of earlier investigators. Similar single
waves are obtained when lithium chloride, tetra-
methylammonium iodide or potassium chloride
is used as supporting electrolyte.

By means of the Ilkovic equation it is shown
that the reduction corresponds in all cases to
Nd+® — Nd°.

The half-wave potentials are found to be de-
pendent upon the concentration and acidity of the
solution. From solutions of the above-mentioned
electrolytes containing 2 millimoles of sulfuric acid
per liter (with 0.019, gel added) diffusion currents



April, 1948

HALF-WAVE POTENTIAL OF SAMARIUM

1347

proportional to the concentration of neodymium below) at —1.83 = (.01 volt versus the saturated

ion were obtained. The half-wave potentials re-

mained constant in the range studied (0.01 M and

calomel electrode in all cases.

Iowa Crty, Iowa RECEIVED JUNE 9, 1947

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING, STATE UNIVERSITY OF Iowa]

The Half-Wave Potential of Samarium

By ANDREW TIMNICK AND GEORGE GLOCKLER

Noddack and Brukl® who studied the electro-
lytic decomposition of 0.01 molar rare earth sul-
fate solutions, containing no supporting electro-
lyte, report that samarium undergoes a two-step
reduction at the dropping mercury electrode. In
an earlier report? outlining the progress of the
work, Brukl announced their intentions of pub-
lishing the inflection points, (Knickpunkte) of the
¢-v curves representing the stepwise reduction of
the rare earth ions. In the discussion following
the report, Hohn? suggested that if the half-wave
potentials?® of the steps were reported, the results
would be expressed as a reproducible constant
which is independent of concentration. It was
also suggested that if an indifferent electrolyte
were added to the solutions the diffusion current*
or step height would be directly proportional to
the concentration. The advice evidently was dis-
regarded for only the inflection points were re-
ported.?

Holleck’ electrolyzed 0.02 molar samarium chlo-
ride solutions, without supporting electrolyte, at
the dropping mercury electrode but his interest
was the detection of the conversion of the sa-
marium ion from one isoelectronic form to an-
other. He obtained single and double waves, the
form varying with methods of preparation of the
salt, the temperature of the solution being elec-
trolyzed and with the addition of zinc chloride.
Neither half-wave potentials, nor diffusion cur-
rents were reported. Divalent samarium com-
pounds have been prepared.®? Itlisiknown that
samarous ions are stable in aqueous solutions
under limited conditions. A two-step reduction
can logically be predicted.

The present study was undertaken to evaluate
the diffusion current and half-wave potentials of
samarium ion from its chloride and sulfate solu-
tions. The influence of concentration, pH and
supporting electrolyte was also observed.

Experimental Procedure

A 0.02 molar samarium chloride stock solution was pre-
pared with C. p. SmCl;-6H.0O. Spectrographic examina-

(1) W. Noddack and A. Brukl, Angew. Chem., 50, 362 (1937).

(2) W. Noddack and A. Brukl, ¢bid., 49, 533 (1936).

(8) J. Heyrovsky and D. Ilkovic, Coll. Czechoslov. Chem. Commun.,
7, 198 (1935).

(4) D. Ilkovic, ibid., 6, 498 (1934). )

(5) L. Holleck, Z. Elektrochem., 46, 249 (1939).

(6) C. A. Matigon and E. Cazes, Compt. rend., 143, 83 (1906).

(7) G. Jantsch, H. Rupig and W. Kunze, Z. anorg. Chem., 161, 212
(1927).

tion indicated only traces of gadolinium and europium.
Samarium sulfate was prepared by converting the chloride
to the oxide followed by the conversion to the sulfate.
This was done by adding excess sulfuric acid to the oxide,
heating the resulting mixture to 450° on a hot-plate
until the excess acid was decomposed, and followed by
heating in a regulated furnace at 600° for two hours to
ensure complete acid decomposition and dehydration.
The product was recrystallized from water solutions with
subsequent acid and heating treatments. Excellent
yellow translucent crystals (octahydrate) were obtained,
some 5 mm. long, after the third treatment. These were
washed, broken up, mixed with sulfuric acid and heated
to the anhydrous form. A 0.01 molar samarium sulfate
stock solution was made with this material. The salts
employed as supporting electrolyte were of C. P. grade.
An H-cell with a saturated calomel anode® was used. The
salt bridges comnsisted of saturated potassium  chloride
solution containing 4% agar. The resistance of the cell
and calomel electrode was 230 ohms. This value was
used to correct the half-wave potentials for 4R drop when
the magnitude of the diffusion current warranted this
procedure. )

All measurements were made at 25.0 = 0.1°. Nitrogen
was used to remove dissolved air from the solutions. The
m and ¢ values of the Ilkovic equation* were found for
twenty-five drops of mercury at the applied potential
at which the diffusion current was measured. Polaro-
grams were recorded with a Sargent Model XX Polaro-
graph. The operating characteristics of this instrument
have been described by Lingane.? Accurate checks of
applied potential were made with a K-type potentiometer.
The polarographic waves for measurement purposes were
obtained by connecting the midpoints of the galvanometer
oscillations recorded by the instrument. The pH of solu-
tions was measured with a glass electrode Type 200 Cole~
man pH Electrometer. This instrument was tested with
buffer solutions and found to be accurate to 0.1 unit.
The concentration ¢ in all cases is expressed in millimoles
of samarium ion per liter.

Results and Discussion
Samarium Chloride

No Supporting Electrolyte, No Gelatin.—The
preliminary determinations were made with
samarium chloride solutions ranging in concen-
tration from 0.5 millimolar samarium ion to 20
millimolar. Some potassium chloride would be
expected to diffuse from the agar plug into the
solution being electrolyzed, but poorly defined
waves were nevertheless obtained.

Supporting Electrolyte, No Gelatin.—Support-
ing electrolyte media of 1.0 molar potassium
chloride, 0.1 molar potassium chloride, 0.1
molar tetramethylammonium iodide, or 0.1
molar lithium chloride, containing 5 millimolar

(8) I. M. Kolthoff and J. J. Lingane, *‘Polarography,”” Interscience

Publishers, Inc., New York, N. V., 1946, p. 459.
{9) J.J. Lingane, Ind. Eng. Chem., Anal. Ed., 18, 734 (1946).
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=23
(=]
T

20
—1.5 —-1.8
—-1.5
-~1.5
-1.5 —-1.8 -2.1
Ej.vs. S. C. E.

Fig. 1.—Samarium chloride, 5 millimolar, in various
media: curvesa-d, 1.0 M KC1,0.1 M KCl, 0.1 M (CH,).NI,
0.1 M LiCl, respectively.

samaric ion gave rise to well defined first steps as
shown by Fig. 1, curves a—d respectively. In the
0.1 molar lithium chloride and 0.1 molar tetra-
methylammonium medium a second step seems to
begin but is apparently terminated by the dis-
charge of the supporting electrolyte. Figure 2 is
a representative example of the variation of the
ratio 2q/C observed in the polarograms recorded
with the samarium chloride solutions shown in
Fig. 1. It is evident that the expected propor-
tionality of step height between the first and sec-
ond step is not attained. Curves a and b are re-
productions of the midpoint tracing of polaro-

Current, pea.

=
—-1.8 -2.1
Egovs. S. C. E.

Fig. 2.—Relationship between concentration of samar-
ium chloride and step height in 0.1 M tetramethylam-
monium iodide medium. Curvesa and b are recorded with
5 and 2.5 millimolar solutions, respectively; c is the
residual current.

ANDREW TIMNICK AND GEORGE GLOCKLER

Vol. 70

grams recorded with 0.1 molar tetramethylammo-
nium iodide solutions containing 5 and 2.5 milli-
moles of samarium chloride, respectively. The
residual current is shown by curve c.

Because of this variation in the current-concen-
tration ratio, sulfate soliitions of samarium were in-
vestigated.

Samarium Sulfate

No Supporting Electrolyte.—Several attempts
to reproduce results reported! were made employ-
ing a mercury pool anode. Stock solutions of
samarium sulfate which had stood a month or two

- yielded no waves, but a three step wave was re-

corded with a one day old 20 millimolar solution
containing no gelatin. Discharge of hydrogen,
observed from a wave with a half-wave potential
at —1.64 volts against the mercury pool anode,
occurred.

Supporting Electrolyte, 0.019, Gelatin.—Po-
larograms were recorded with various concen-
trations of samarium in 0.1 molar lithium chlo-
ride medium. With concentrations from 5 to
20 millimolar the polarograms consisted of two
steps. At lower concentrations the second step
terminated in a maximum. The results listed
in Table I are corrected for R drop. :

Since the reduction of samarium ion proceeds at
a potential more negative than the reduction of
hydrogen ion, small amounts of dilute sulfuric acid
were added to samarium solutions and polaro-
grams recorded.’? Two waves, one due to hydro-
gen and the other due to samarium discharge, were
observed. In 0.1 molar lithium chloride solution
(0.001 normal in sulfuric acid) containing varying
concentrations of samarium, the half-wave po-
tential of the hydrogen wave was —1.5 volts
against the saturated calomel electrode. As
shown in Table IT the addition of acid reduced the

TABLE 1
Samarium SULFATE, 0.1 M LiCl, 0.01%, GELATIN, Ei/, vs.
S. C. E.
iq iq E1/, El/y
Concn. First Second First Second
Sm*++ pH step step step step
20 113.1 17.7 —1.85 —-2.07
10 4.0 55.9 15.2 —1.80 —-1.97
5 4.4 28.4 15.4 —-1.77 —1.92
2 4.8 10.7 Max. -1.73 Max.
TABLE 11
SAMARIUM SULFATE, Ei/, v5. S. C. E.
0.1 M LiCl, 0.019%, gel., 0.001 N H,SO,
t = 3.074, me/t1/s = 1.760
Concn. pH id E1/,
8 3.1 50.1 —1.82
4 3.1 25.3 —1.81
2 3.1 12.6 —~1.79
1 3.0 6.5 —~1.80
0.5 3.2 3.0 —1.80

(10) R. H. Leach and H. Terrey, Trans. Faraday Soc., 38, 480
(1937).
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half-wave potential shift by 0.03 volt in the sa-
marium ion concentration range of 2 to 8 milli-
moles as compared to a 0.07 volt shift observed in
an approximately similar concentration range
without acid addition. The diffusion current
varied directly with concentration in the acid
series. Stabilization of pH could possibly explain
the improved regularity.

From equivalent conductivity datal! and appli-
cation of Kohlrausch’s law and the Nernst!? equa-
tion, D was calculated to be 6.07 X 10—% sq. cm.
sec.”l, Calculated Ig values for samarium ion
would be 1.49 when n is 1 or 4.47 when # is 3.
Experimentally the average I4 for the first step of
the lithium chloride, sulfuric acid medium series
of runs was found to be 3.57 which lies between the
two theoretical values cited above. As shown by
Fig. 3, a polarogram of the 4 millimolar solution of
this series, the second step is terminated before its
complete development and therefore no selection
of the proper # value can be made. The two po-
larograms were recorded with the same solution
but with different galvanometer sensitivities.
The residual current is shown by curve a’.

......

Current.

e
‘ L
W

-1.8
Ege v5.S. C. E.

—-2.1

Fig. 3.—Sm™**+ jon, 4 millimolar, in 0.001 N H,SO,,
0.1 M LiCl, 0.019% gelatin medium. Curve a’ is the
residual current. '

Figure 4 is a polarogram recorded with 4 milli-
molar samarium ion concentration in a 0.1 molar
tetramethylammonium iodide and 0.001 N sul-
furic acid medium. A well defined two step wave
was obtained with an I4 of 3.56 for the first step
and 6.49 for the second. As can be seen the two
steps are approximately of equal height. This is
not the case for a 1 millimolar solution in a similar
medium as shown by Fig. 5. I4 for the first step
was 3.85 and for the second 12.1 which would indi-
cate a one electron reduction for the first step and
a two electron reduction for the second. The
multiple polarogram was recorded with various

(11) “International Critical Tables,” Vol. VI, p. 233.
(12) W. Nernst, Z. physik. Chem., 2, 613 (1888).

HALF-WAVE POTENTIAL OF SAMARIUM

1349

Current.

~1.8
Egovs5. 5. C. E.
Fig. 4.—Sm**+ion, 4 millimolar, in 0.001 N H.SO,, 0.1 M
(CH,).N1, 0.019, gelatin medium.

galvanometer sensitivities. The residual current
is shown by curve a’ in Fig. 5.

Current.

—-1.5 —-1.8
Ege v5. S. C. E.
Fig. 5—Sm***, 1 millimolar, in 0.001 N H,S80, 0.1 M
(CH;).N1, 0.019%, gelatin medium.

—-1.95

From the preceding observations it is obvious
that the discharge of samarium ions at the drop-
ping mercury electrode in aqueous solutions is a
complex process. There is evidence of a two-step
reduction but in most cases the second step is
terminated by discharge of the supporting electro-
lyte. .

It has been noted®’ that samarous ion is not
very stable in aqueous solutions. It reverts to the
samaric state with the evolution of hydrogen.
This fact could possibly explain the anomalous re-
sults observed, in a manner similar to the case of
ytterbium, mentioned by Laitinen and Taebel.!?

Samarous ion is more unstable!* than ytterbous
ion and therefore hydrogen should be evolved
more easily than in the ytterbous case, with
greater discrepancy between the expected and ex-

(13) H. A. Laitinen and W. A. Taebel, Ind. Eng. Chem., Anal. Ed.

13, 825 (1941).
(14) W. Klemm and W, Schuth, Z. enorg. Chem., 184, 352 (1929).
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perimentally obtained diffusion currents and thus
offer an explanation for the anomalous diffusion
current constant in the case of samarium,

Acknowledgment.—This work was undertaken
while one of us (A. T.) held a graduate college
research assistantship at the State University of
Towa.

Summary

Solutions of samarium chloride and sulfate were
studied polarographically without supporting
electrolyte and in the presence of lithium chloride,
potassium chloride and tetramethylammonium

K. K. KELLEY, S. S. Topp aND C. H. SHOMATE

Vol. 70

iodide. Addition of sulfuric acid to the sulfate
solutions stabilized the half-wave potential.
With one millimolar samarium ion, in 0.001 nor-
mal sulfuric acid, 0.1 molar tetramethylammo-
nium iodide and 0.019%, gelatin medium a two step
polarogram was obtaiiied. The half-wave poten-
tials were —1.80 and — 1.96 volts against the satu-
rated calomel electrode. The diffusion currents
were, respectively, 6.0 and 13.0 microamp., corre-
sponding to Sm+++ — Sm++, and Sm++ — Sm°,
However, in 4 millimolar solution the behavior is
anomalous.

Iowa Ciry, Iowa RECEIVED JUNE 9, 1947

[CONTRIBUTION FROM THE PACIFIC EXPERIMENT STATION, BUREAU OF MINES, UNITED STATES DEPARTMENT OF THE
INTERIOR]

Heat Capacities at Low Temperatures and Entropies of 3Ca0O-B,0;, 2Ca0-B;0;,
CaO'Bzos, and Ca0°2B2031

By K. K. KELLEY,? S. S. Topp® anp C. H. SHOMATE*

In a recent paper, Torgeson and Shomate® pre-
sented data for the heats of formation of the crys-
talline calcium borates, 3CaO-By0; 2CaO-B,0s,
Ca0:-B:0; and Ca0-2B;0;. These are all the
compounds in the CaO-B,0; system, according to
the work of Carlson.® The present paper reports
low temperature heat capacity and entropy deter-
minations of these same substances, thus enabling
the calculation of their free energies of formation.
There are no previous similar data for any of these
compounds.

Materials.—The samples of calcium borates
used in the present measurements were  vir-
tually the same as those employed in the heat of
formation studies of Torgeson and Shomate.’
Their paper included the method of preparation of
the samples, their densities, and X-ray diffrac-
tions, and repetition here appears unnecessary.
About one mole of each compound was used in the
present measurements and all weighings were cor-
rected to vacuum. The chemical purity of the
samples is indicated by the following analyses:

Actual analysis Theoretical analyses

Substance CaO, % B:0s,% CaO,% B:03, %
3Ca0-B;0; 70.75 29.31 70.72 29.28
2Ca0-B:0; 61.71 38.41 61.69 38.31

Ca0-B:0; 44.59 55.26 44.61 55.39
Ca0:2B,0; 28.57 71.02 28.71 71.29

Only the calcium diborate contained any appre-
ciable impurity. As mentioned by Torgeson and

(1) Published by permission of the Director, Bureau of Mines,
U. S. Depariment of ihe interior. Not copyrighted.

(2) Supervising Engineer, Pacific Experiment Station, Bureau of
Mines.

(3) Chemist, Pacific Experiment Station, Bureau of Mines.

(4) Formerly chemist, Pacific Experiment Station, Bureau of
Mines.

(5) Torgeson and Shomate, THIS JOURNAL, 69, 2103 (1947).

(6) Carlson, Bur. Standards J. Research, 9, 825 (1932).

Shomate,® this material contained 0.429, of in-
soluble impurity from superficial reaction with the
nickel crucible 1n which 1t was prepared. No cor-
rection for this impurity was made in the present
results.

Heat Capacities.—The heat capacities were
measured by means of previously described” appa- -
ratus and methods. The results, expressed in de-
fined calories,® are listed in Table I and shown
graphically in Fig. 1. The molecular mass figures
in the headings of Table I accord with the 1947
International Atomic Weights.® The precision
error in the results is under 0.19, and it is believed
they are accurate on the average to within =0.3%,
in the absolute sense.

The heat capacities of all four calcium borates
are higher at the lower temperatures, and lower at
the higher temperatures, than the sum of the heat
capacities of the component oxides. The greatest
average deviation from additivity is shown by
Ca0-2B;0;, the heat capacity of which averages
over 2 cal. per deg. per mole lower than the sum of
the heat capacities of the component oxides in the
temperature range 100 to 298.16°K. In this con-
nection it is of interest to note that this substance
also has the highest atomic density (lowest mean
atomic volume). Other things being equal, high
atomic density generally parallels low heat ca-
pacity at low temperatures.

Entropies at 298.16°K.—In each instance, the
entropy increment between 52.00 and 298.16°K.
(measured portion, Table II) was obtained, as
usual, by numerical integration of a large-scale
plot of C, against log T. To obtain the entropy

(7) Kelley, Naylor and Shomate, Bur. Mines Tech. Paper 686
(1946).
(8) Mueller and Rossini, Am. J. Phys., 12, 1 (1944).

(9) Baxter, Guichard and Whytlaw-Gray, THIS JOURNAL, 69, 731
(1947).
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TABLE 1 8 8.998 226.4 29.61

1.4
MovLAL HEAT CAPACITIES 86.3 9.776 235.8 30.74
T, °K. Cp, cal-/deg. T, °K. Cp, cal./deg. 94.4 11.07 245.6 . 31.88
3Ca0-B;0; (mol. wt., 237.88) 104.5 12.65 256.0 33.20
114.6 14.22 266.0 34.30
52.8 5.978 165.5 30.66 1241 15,67 2762 35 33
56.6 6.827 175.5 32.13 185.9 17 49 286 5 36.42
60.6 7.806 185.6 33.52 146.0 18.90 296, :
. ) .5 37.56
64.9 8.863 195.9 84.82 155.8 20.31 (298.16) (37.75)
69.0 9.932 205.9 36.09 ‘ ) ) :
73.5 11.13 216.2 37.23 45
77.7 12.21 226.2 38.28
84.7 14.02 235.8 39.27 40 A
94.8 16.56 246.1 40.35 : /
104.6 18.92 256.1 41.29 35 ) /
115.1 21.34 266.1 42.22 % L/
125.1  23.47 276.2 43.18 3 /
135.1 25.45 286.1 43.82 g 30 7
145.7 27.39 206.3 4.77 9 / }{
155.5 20.07 (298.16) (44..90) g 25 7, A
2Ca0-B,0; (mol. wt., 181.80) g / A //f;
53.0 4.914  165.7 23.91 g 20 7
57.0 5.695 175.6 25.04 5 //;/ ’
61.1 6.522 185.8 26.10 g 15 #
65.5 7.399 195.9 27.10 5 /Z’/
69.8 8.295 206.2 28.08 © 50
74.1 9.191 216.2 29.00
78.4 10.06 226.0 29.84
85.6 11.49 235.8 30.60 N
9.8 13.27 . 246.2 31.43 Vs
104.5 15.03 256.2 32.30
115.2 16.87 . 266.5 33.07 0 50 100 150 200 250 300
125.2 18.46 276.2 33.71 Temperature, °K.
135.1 19.96 286.1 34.39 Fig. 1.—Heat capacities: A, Ca0-B;0;; B, Ca0-2B,0;;
145.4 21.37 296.5 35.03 C, 2Ca0-B,0s; D, 3Ca0-B;0;.
186.5 22.67 (298.16) (85.16) increments between 0 and 52.00°K., the meas-
Ca0-B;0; (mol. wt., 125.72) ured heat capacities were fitted with the follow-
54.4 4.199 145.5 14.93 ing combinations of Debye and Einstein functions,
56.9 4.554 155.6 15.81 the maximum deviation between measurements
57.7 4.679 165.8 16.68 and function sums being shown in parentheses
60.4 5.064 179.1 17.70
61.8  5.265 185.6 18115 3Ca08:0; 4D(32) + 45(%R) + 38(2) ©0.5%)
64.4 5.634 195.8 18.87 |
68.5 6.920 2054 19.58 2Ca0-B,0; 31)(?%6) + 3E(5’~11-,1) + 3E(13Tio) (0.5%)
71.2 6.604 216.0 20.21
72.6 6.795 226.1 20.84 Ca0-B;0s 2D(2_8j9> + 2E(-5%§) + 3E(-13$) (1.0%)
75.6 7.233 235.4 21.40 :
80.8 7.924 245.2 21.98 - CaO2B,0s 3D(3-‘;'3) + 4E(z%)) + 3E(}2T17) (1.0%)
84.8 8.455 255.6 22.55 » . .
04.0 9.580 265.5 23 16 These function sums were employed in obtain-
104.2 10.80 276.1 23.73 ing the extrapolated portions of the entropies in
114.3 11.93 286.4 24 24 Table II. The extrapolated portion constitutes
124.3 12.96 296.3 24.78 TaBLE IT
135.3 14.02 (298.16) (24.85) ENTROPIES AT 298.16°K., CaL./DEG./MOLE
Ca0-2B,0; (mol. wt., 195.36) 8Ca0"BiOy 2Ca0-B:0s CaO-BeOs S0y
54.2 4.583 165.7 21.75 °-52.00°K., (ex-
57.5 5.002 175.9 23.11 trapolation) 2.16 1.84 1.65 1.59
61.6 5.742 189.0 24.84 52.00°-298.16°K.,
66.6 6.558 196.0 25.76 (measured) 41.73 32.8¢ 23.41  30.61
71.5 7.366 206.3 27.07 Shes.16 43.9 = 34.7= 251 = 32.2 =
76.3 8.148 215.9 28.31 0.3 0.2 0.2 0.3
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only 6.69, of the total entropy for CaO-B,0O; and »

is lower for the other substances.

The entropies of 3CaO-By0;3, 2Ca0-B,0;, and
Ca0O-B,0; differ, in order, by 9.2 and 9.6 units,
corresponding to successive decreases of one mole
of calcium oxide. These figures are to be com-
pared with the measured value for free calcium
oxide,® Sys;6= 9.5 = 0.2. This type of ap-
proximate additivity of entropies of some inter-
oxidic compounds has been noted previously in
work of this Laboratory and is the result of com-
pensation of plus and minus deviations from addi-
tivity of heat capacities. In the case of CaO-
2B,03 such compensation is quite incomplete and
the entropy difference between CaO-2B,0; and
CaO-B;0; is only 7.1 units, whereas the entropy of
crystalline boric oxide!! is Sigs = 13.0 = 0.1.

Related Thermal Data.—Free energies of
formation at 298.16°K. of the four calcium borates
from the oxides and from the elements are given in
Table III, being obtained from the relationship
AF® = AH — TAS. The heats of formation,
AHyg.16, are from the paper of Torgeson and
Shomate.5 The entropies employed in calculation
of the ASysis values are from publications of
Kelley. 1011

Precision uncertainties have been assigned to
the free energies of formation from the oxides. It
is not possible to do this for the values from the
elements because the probable error in the heat of

(10) Kelley, Bur. Mines Bull., 434 (1941).
(11) Xelley, THIS JOURNAL, 63, 1137 (1941).

DavID PRESSMAN, JouN H. BRYDEN AND LINUS PAULING

Vol. 70
TasLE ITT
FrREE ENERGIES OF FORMATION AT 298.16°K., CAL./MoLE
————— From oxid
Substance AHxs.16 ASns.16 AFJy.16
3Ca0-B:20: —60,000 = 40 2.4 =0.7 —60,720 = 210
2Ca0-B20s --45,760 = 30 2.7 = 0.5 —46,570 = 150
Ca0-B:0s —29,420 = 20 2.6 = 0.3 —30,200 = 90
Ca0-2B:0s —42,930 = 20 —3.3 0.5 —41,950 = 150
From el 1t

3Ca0-B203 —858,200 —136.4 = 0.6 —817,500
2Ca0-B:0s —692,100 —111.2 = 0.5 — 659,000
Ca0-B20s — 524,000 — 86.3 =0.5 — 498,300
Ca0-2B:0s —880,200 —156.2 = 0.9 —833,700

formation of crystalline boric oxide, on which the
free energies depend, is not known.

The free energy of formation values from the
oxides follow a normal pattern. The formation of
Ca0-B;0; from the oxides gives a decrease in free
energy of 30,200 cal. Smaller decreases in free
energy accompany each successive step of adding
one mole of oxide to Ca0O-B,0; to form the other
calcium borates.

Summary

Low temperature heat capacity measurements
of 3CaO- BzOs, 2Ca0- B203, CaO- B203, and CaO-
2B,;0; were made throughout the temperature
range 52° to 298.16°K.

The entropies of the four calcium borates were
determined as 43.9 = 0.3, 34.7 = 0.2, 25.1 = 0.2,
and 32.2 = 0.3 cal./deg./mole, respectively.

Free energy of formation values from the oxides
and from the elements are included.
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The Reactions of Antiserum Homologous to the p-Azosuccinanilate Ion Group™

By DaviD PRESSMAN,!? JouN H. BRYDEN AND LINUS PAULING

It was discovered by Landsteiner and van der
Scheer? that the precipitation of azoprotein con-
taining the p-azosuccinanilate ion haptenic group
by hapten-homologous antiserum (anti-S, serum)
is inhibited just as well by maleate ion as by succin-
ate ion, whereas fumarate ion is practically in-
effective, and from this observation the cautious
conclusion was drawn?®* that ‘‘Accordingly, one
could suppose that the succinic acid molecule can
exist in a form corresponding to the cis configura-
tion, or that the antibodies adjust themselves to

(la) The Serological Properties of Simple Substances. XIII,
For No. XII of this series see D. Pressman, A. L. Grossberg, L. H.
Pence, and L. Pauling, THIS JOURNAL, 68, 250 (1946).

(1b) Present address: Sloan—Kettering Institute for Cancer Re-
search, New York.

(2) K. Landsteiner and J. van der Scheer, J. Exptl. Med., 69, 751

1934).
( 3) )K. Landsteiner, “The Specificity of Serological Reactions,”
Charles C Thomas, Springfield, Illinois, 1936, p. 129,

(4) K. Landsteiner, “The Specificity of Serological Reactions,”
Revised Edition, Harvard University Press, Cambridge, Mass., 1945,
p. 192.

this.”” Because of our interest in the use of im-
munochemical techniques for the determination
of the configuration of molecules and haptenic
groups,” we have extended our quantitative
studies of hapten inhibition of serological precipi-
tation to include the S, system, and have investi-
gated the effect of over fifty haptens on the pre-
cipitation of Sp-ovalbumin and anti-S, serum.
The analysis of the data has shown that the nor-
mal configuration of the p-azosticcinanilate ion
group in aqueous solution is a cis configuration,
presumably stabilized by a hydrogen bond, and
has provided information about the configuration
of other ions.

Experimental Methods

Haptens.—The following substances used in this work
have been described previously®: succinanilic acid, p-
aminosuccinanilic acid, p-nitrosuccinanilic acid, and d-

(5) D. Pressman, Register of Phi Lambda U psilon, 29, 30 (1944).
(6) D. Pressman, J. H. Bryden, and L. Pauling, THIS JOURNAL,
67, 1219 (1945).
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and J-N-(a-methylbenzyl)-succinamic acids. The sub-
stances prepared in this investigation are described in the
following section. All other substances used were com-
mercial preparations purified to the correct melting point
and acidic equivalent weight.

Antiserum and Protein Antigens.—The preparation of
antiserum and antigens used in this work has been de-
scribed previously.® Only one pool of anti-S, serum and
one preparation of Sp-ovalbumin were used in these experi-
ments.

Reaction of Antiserum with Antigen and Hapten.—
One-milliliter portions of Sp-ovalbumin, anti-S, serum,
and hapten solution were mixed and permitted to stand
about one hour at 37° and over two nights at 5°. The
amount of antigen used, 320 ug. (by Nessler analysis),
was that which gave optimum precipitation in the absence
of hapten. The hapten solution was made with 0.9,
sodium chloride solution and the antigen solution was
made with borate buffer of pH2 8.0.7 The precipitates were
centrifuged, washed three times with 10-ml. portions of
0.9% sodium chloride solution, and analyzed by our stand-
ard method.8

Preparation of Substances

Malonanilic acid was prepared by the method of Riig-
heimer,? by heating a mixture of 0.24 mole of malonic acid
and 0.24 mole of aniline at 105° for one hour. The result-
ant mass was dissolved in 2 N sodium hydroxide solution
and filtered, and the filtrate was acidified with hydrochloric
acid. Malonanilic acid separated on partial evaporation
and cooling. The product was recrystallized from water;
m. p. 132.0-132.5°, reported 132°.  Acidic equivalent
weight: caled. for CoHGO3N, 179.1; found 185.6, 186.4.

Glutaranilic acid was prepared by heating a mixture of
0.06 mole of glutaric acid, 0.06 mole of aniline, and 2 g.
of fused zinc chloride in an oil-bath at 160 to 170° for
forty-five minutes. After cooling, the mixture was ex-
tracted with potassium hydroxide solution and was filtered,
and the filtrate was acidified with hydrochloric acid. The
crystals which separated were recrystallized from water;

(7) D. Pressman, D. H. Brown, and L. Pauling, THIS JOURNAL,
64, 3015 (1942).

(8) D. Pressman, Ind. Eng. Chem., Anal., Ed., 51, 357 (1943).
It has been suggested by E. A. Kabat (Ann. Rev. Biochem., 15, 511
(1946)) that our experimental results are unreliable because the mix-
tures are allowed to stand only two days, instead of five, before the
precipitates are removed and analyzed. We have continued to use
the two-day period, for convenience, and we feel that no significant
error is introduced thereby. If the tubes containing antiserum and
antigen and those also containing hapten were allowed to stand three
days longer the amounts of precipitate would increase somewhat,
and their ratios might change slightly (by perhaps 5%), leading to
correspondingly small changes in the derived values of Ko’. But the
values of Ko’ obtained with different pools of antiserum differ by as
much as two-fold (although usually without changing the order of
various haptens), so that the small expected effects of increasing the
time of standing are unimportant.

If a true equilibrium were achieved in five days it might be worth
while to adopt this longer period. However, on still longer standing
the amount of precipitate decreases, presumably as the result of slow
degradation of the materials; this suggests that the use of the
shorter rather than the longer period may give the more reliable
results.

The suggestion has also been made by W. C. Boyd and J. Behnke
(Science, 100, 13 (1944)), and repeated by Kabat, that some of the
conclusions drawn from our experimental results may be invalidated
by the polymerization (aggregation) of some of the haptens or simple
precipitating antigens in solution. A detailed discussion of this
question will be published shortly; it may be pointed out here that
the hapten-inhibition studies reported in the present paper were
mude with an azoprotein, rather than a polyhaptenic simple sub-
stance, as precipitating antigen, and the haptens themselves are so
simple as to have little tendency to aggregate, and that for these
reasons (as well as others, to be discussed in the later paper) it is
unlikely that the arguments presented are to any extent invalidated
by the possibility of aggregation of the hapten molecules.

(9) L. Riigheimer, Ber., 17, 736 (1884).
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m. p. 127.0-128.0°, reported 126-127°.10
alent weight: caled. for C;;HzO3N, 207.1;
209.0.

Adipanilic acid was prepared by the method of Dieck-
mann,!! by heating a mixture of 0.1 mole of adipic acid,
0.1 mole of aniline, and 2 g. of fused zinc chloride on an
oil-bath at 150-160° for one and one-half hours. Upon
cooling, the material was dissolved in sodium hydroxide
solution and was filtered, and the adipanilic acid was pre-
cipitated with hydrochloric acid. The product was re-
crystallized from water: m. p. 152.0-153.0°, reported
1562-153°. Acidic equivalent weight: caled. for C;,H;503N,
221.1; found, 216.9, 218.7.

Maleanilic acid was prepared by the method of An-
schiitz,2 by adding 0.3 mole of aniline dissolved in 75 ml.
of anhydrous ether to 0.26 mole of maleic anhydride dis-
solved in 250 ml. of anhydrous ether. The product pre-
cipitated as it was formed, and was purified by dissolving
it with sodium hydroxide solution and reprecipitating with
hydrochloric acid; m. p. 197-198°, reported 198°. Acidic
equivalent weight: caled. for CioHyO;N, 191.1; found,
185.3, 190.5.

Fumaranilic acid was prepared by slowly adding 0.12
mole of aniline in 100 ml. of chloroform to 0.12 mole of
fumaryl chloride in 100 ml. of chloroform. The chloroform
was evaporated from the emulsion formed by the addition
of 350 ml. of 1 N sodium hydroxide solution. The solution
was filtered and the filtrate was acidified with hydrochloric
acid. The precipitate was dissolved with sodium hydroxide
solution and reprecipitated with hydrochloric acid; m. p.,
238-238.5°, reported, 233-234.0°. Acidic equivalent
weight: caled. for C,oH,O;3N, 191.1; found, 195.9, 196.9.

d-Tartranilic acid was prepared by slowly adding 0.4
mole of aniline to 0.4 mole of d-«,B-diacetoxysuccinic an-
hydride in 400 ml. of chloroform at the refluxing tempera-
ture. The cooled solution was extracted with about 400
ml. of 1 N sodiwn hydroxide solution. The agueous phase
was treated with 200 ml. of concentrated hydrochloric acid.
A colorless oil separated which dissolved on heating.
Subsequent cooling produced crystals; m. p. 181.9-
182.4°, reported 180°1% [«]23D in water, 4106.2° (a, +
2.13°, 1 dm., 20 g./l.); reported* [a«]¥D -+4105.6°.
Acidic equivalent weight: caled. for Cy0HijOsN, 225.1;
found 224.8, 225.3.

a, 3-Diacetylsuccinic anhydride was prepared by the
method of Lucas and Pressman.1®

o-Bromosuccinanilic acid, m-bromosuccinanilic acid,
p-bromosuccinanilic acid, N-a-naphthylsuccinamic acid,
and N-g-naphthylsuccinamic acid were prepared by adding
0.06-0.2 mole of the appropriate amine to a boiling chloro-
form solution of an equimolar amount of succinic anhydride.
The products precipitated as formed and were purified
by dissolving in sodium hydroxide solution, extracting
with ether, precipitating from the aqueous phase with
hydrochloric acid, and finally crystallizing from water or
alcohol. The melting points and acidic equivalent weights
are as follows:

Acidic equiv-
found 208.8,

Acidic equivalent
weight
Caled. Obs.

272.2 270.1,270.1

Substance, . M. p.,
acid Formula °C.

o-Bromosuc- CioHi10O:NBr 154.1-156.1

cinanilic
m-~Bromosuc- C1H1O:NBr 150.9-151.9 272.1 266.7,266.7
cinanilic
p-Bromosuc- CiwHpO:NBr 187.2-188.2 272.1 272.7,270.8
cinanilic reported18
186-187°

(10) L. Balbiano and L. Angeloni, Gazz. chkim. ital., 85, I, 150
(1905).

(11) W. Dieckmann, Azz., 317, 62 (1901).

(12) R. Anschiitz, Ber., 20, 3215 (1887).

(13) A. E. Arppe, Aun., 93, 352 (1855).

(14) L. Casale, Gazz. chim. ital., 471, 272 (1917).

(15) H. J. Lucas and D. Pressman, “Theory and Practice in Or-
ganic Chemistry Laboratory,” to be published.

(16) S. Hoogewerff and W. A. van Dorp, Rec. trav. chim., 9, 48
(1890).
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Acidic equivalent
Substance, M. p., weight
acid Formula °C. Caled. Obs.

N-a-Naphthyl- CuHi;OsN 171.1-171.6 243.1 241.4,241.2

sucinamic
N-B-Naphthyl- CuHiO:N 189.4-190.0 243.1 240.5,240.6

succinamic reported1?

184-185°

p-(p-Hydroxyphenylazo)-succinanilic acid was made
by diazotizing 0.01 mole of C{7--ammosuccmamhc acid,
making the solution neutral, and adding it to 0.10 mole of
phenol in the presence of sodium hydroxide solution.
Coupling was complete within fifteen minutes. The solu-
tion was neutralized and was extracted twice with ether,
and the free acid was precipitated with hydrochloric acid
from the aqueous phase. The product was crystallized
twice from dilute alcohol; m. p.231.5dec. Acidic equiv-
alent weight: caled. for CigH;504N;, 313.2; found, 312.7.

Succinamic acid was prepared by adding an equimolar
amount of 15 N ammonium hydroxide to solid succinic
anhydride. The solid product was recrystallized from
acetone; m. p., 156.3-157.8°; reported, 157°.18 Acidic
equivalent weight: caled. for C,H;O;N, 117.1; found,
116.9, 116.7. .

N-Methylsuccinamic acid was synthesized by adding
slowly 0.56 mole of anhydrous methylamine to a mixture of
0.54 mole of succinic anhydride and 200 ml. of anhydrous
ether under a “‘Dry Ice’’ reflux condenser. The waxy
lumps which resulted were broken up several times during
the addition. After two days the ether was decanted and
the solid residue was recrystallized from absolute alcohol;

m. p. 107.7-108.2°. Acidic equivalent weight: calcd. for
C:H;O;N, 1381.1; found; 132.1, 132.3.

NpAAGaNy 4TS =25

N N-Dlmethylsuccmamic acid was prepared similarly
from dimethylamine; m. p. 81.6-82.6°. Acidic equivalent
wezght’ caled. for CeHnOgN 145.1; found, 145.7, 145.1.

N-Isopropylsuccinamic acid was prepared sumlarly from
isopropylamine but at the boiling point of ether; m. p.
97.9-98.9°. Acidic equivalent weight: caled. for C;Hjs-
O;N, 159.1; found, 162.0, 163.1.

N,N-Diethylsuccinamic acid was prepared similarly
from dimethylamine at the refluxing temperature. The
product was recrystallized from isopropyl ether; m. p.
82.1-84.1°. Acidic equivalent weight: caled. for CsHi:O5N,
173.1; found 173.2, 173.8.

N -Methylsuccmamhc acid was prepared by the method
of Auwers!! from 0.20 mole of methylaniline and 0.20 mole
of succinic anhydride in chloroform solution. The chloro-
form solution was extracted with sodium hydroxide solu-
tion. The aqueous phase was extracted with ether and
then treated with hydrochloric acid to precipitate the
product, which was then recrystallized from water; m. p.
89.3-89.8°, reported, 91-92.5°. Acidic equivalent weight:
caled. for C;;H;303N, 207.1; found, 205.8, 207.8.

N-Benzylsuccinamic acid was prepared similarly from
benzylamine; m. p. 137.7-138.2°; reported, 139°.1?
Acidic equivalent weight: caled. for C;H,;30;N, 207.1;
found, 207.2, 207 4.

N-Cyclohexylsuccinamic acid was prepared similarly
from cyclohexylamine; m. p. 166.5-167.0°. Acidic equiv-
géeézto weight: caled. for CyoHy;O3N, 199.1; found, 199.1,

N,N-Pentamethylenesuccinamic acid was prepared by
adding 0.32 mole of piperidine to 0.32 mole of succinic
anhydride in 200 mole of anhydrous ether and refluxing.
The ether was decanted from the heavier liquid phase,
which crystallized upon the removal of residual ether under
vacuum. The solid was recrystallized from ethyl acetate;
m. p. 93.8-94.8°. Acidic equivalent weight: caled. for Cy-
H,;0;N, 185.1; found, 186.1, 186.1.

'y-AlilhxlUblltyuc acid hy drochloride was prepared by the
method of Anschiitz and Beavis,? by hydrolyzing 1 g. of
N-phenyl-a-pyrrolidone with barium hydroxide octahy-

(17) K. Auwers, Ann., 292, 190 (1896).

(18) L. Wolff, ibid., 260, 114 (1890).

(19) E. A. Werner, J. Chem. Soc., 630 (1889).
(20) R. Anschiitz and C. Beavis, Ann., 295, 41 (1897).
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drate in 10 moles of water in a sealed tube for twenty hours.
The solution was diluted and carbon dioxide was added to
precipitate excess barium hydroxide. The silver salt of the
acid was precipitated from the filtrate by adding silver
nitrate solution. The dried silver salt was suspended in
absolute ether and saturated with hydrogen sulfide. The
silver sulfide was removed by filtration and the y-anilino-
butyric acid hydrochioride was precipitated by saturating
the ether solution with dry hydrogen chloride; m. p.
135.5-136.5°, reported 135.5-136.5°.

The N-phenyl-e-pyrrolidone was prepared by the
method of Anschiitz and Beavis,2%2! by heating 0.21 mole
of succinanil with Q.86 mole of phosphorus pentachloride
at about 130-140 ° until all the solid was dissolved to form
dichloromaleanil chloride, which was purified by distilling
at reduced pressure; b. p. 218-219° at 35 mm. The di-
chloromaleanil chloride was reduced by slowly adding a
solution of 0.05 mole of the compound in 50 ml. of acetic acid
and 100 ml. of anhydrous ether to 800 g. of 39, sodium
amalgam with agitation and cooling in an ice-bath. The
mixture was allowed to stand two weeks. The ether phase
was fractionally distilled and the N-phenyl-a-pyrrolidone
was collected at 193-195° at 24 mm. The N-phenyl-a-
pyrrolidone was recrystallized from petroleum ether con-
tagingng a few drops of alcohol; m. p. 59.0-61.0°, reported,
68-69°.

Phenylhydantoic acid was prepared by the method of
Paal,?? by stirring 0.21 mole of phenylisocyanate with a
solution of 0.21 mole of glycine in sodium hydroxide.
After thirty minutes of stirring the odor of the isocyanate
had disappeared. The solution was filtered, the phenyl-~
hydantoic acid was precipitated with hydrochloric acid,
and the solid was recrystallized from water; m. p. 196 5—
197.0°, reported, 195°. Acidic equivaieni weighi: caicd. for
CgHwO;Nz, 194.1; found, 195.0, 196.6.

—y-Benzoylbutyric acid was prepared by the method of
Somerville and Allen?3 and was recrystallized from water;
m. p. 127.5-128.5°, reported, 125-126°. Acidic equivalent
weight: caled. for CyuHi003, 192.1; found, 193.7, 194.9.

O-Phenyl-n-valeric acid was prepared by heating -
phenyl-n-propylmalonic acid and a few drops of hydro-
chloric acid on a water-bath for eight hours. The product
was crystallized from water; m. p. 54.4-55.5°, reported,
57°24,  Acidic equivalent weight: caled. for CiH140,, 178.1;
found, 181.2, 181.4.

The v-phenyl-z-propylmalonic acid used above was pre-
pared as an oil by reducing 0.05 mole of cinnamalmalonic
acid in 100 ml. of ethanol with hydrogen in the presence of
platinum oxide, removing the catalyst by filtration, and
evaporating the alcohol. The cinnamalmalonic acid was
prepared by the method of Stuart,?® by refluxing 0.20
mole of malonic acid, 0.20 mole of cinnamaldehyde, and
25 g. of glacial acetic acid for nine hours. The solid product
was filtered off, washed with chloroform, and recrystal-
lized from absolute alcohol.

Citraconic acid was prepared by the method of Shriner,
Ford, and Roll?®; m. p. 92.8-93.8°, reported 92-93°.
Acidic equivalent weight: caled. for CgHgOy, 65.1; found,
65.3, 65.4.

Mesaconic acid was prepared by the method of Shriner,
Ford, Roll?’; m. p. 204.6-205.6°; reported, 203-205°.
Acidic equivalent weight: caled. for C;HgOy, 65.1; found,
65.2, 65.2.

Discussion

The Effect of Hydrogen-ion Concentration on
the Precipitation Reaction.—The effect of hydro- -

(21) R. Anschiitz and C. Beavis, sbid., 263, 158 (1891).

(22) C. Paal, Ber., 27, 975 (1894).

(23) L. F. Somerville and C, F. H. Allen in ‘“Organic Syntheses,”’
Coll. Vol. II, J. Wiley and Sons, Inc., New York, N. Y., 1943, p. 82.

(24) W. Borsche, Ber., 45, 622 (1912).

(25) C. M. Stuart, J. Chem. Soc., 365 (1886).

(26) R. L. Shriner, S. C. Ford, and L. V. Roll, in “Organic Syn-
thesis,” Coll. Vol. II, J. Wiley and Sons, Inc., New York, N. Y., 1943,
p. 140.

(27) R. L. Shriner, S. C. Ford, and L. V. Roll, ¢bid., p. 382.
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gen-ion concentration on the precipitation of
anti-S, serum with S,-ovalbumin is shown in Table
I. Optimum precipitation takes place between
pH values of 7.4 and 8.1, as has been found previ-
ously for other azo-protein antigens with nega-
tively charged haptenic groups.®% The antigen
concentration for optimum precipitation was
found to be between 240 and 480 ug. of antigen
added. In the experiments reported in Table II
320 ug. of antigen was used.

TABLE I
THE EFFECT OF HYDROGEN-ION CONCENTRATION ON THE
PRECIPITATION OF ANTI-S, SERUM WITH S,-OVALBUMIN
Antigen solution, antiserum, and buffer, 1 ml. each.

2H Amount of antigen added, ug.,
Initial of 30 60 120 246' 480
pH supernate Amount of precipitate, ug.%
6.0 6.5 91 208 333 434 453
7.0 7.4 136 295 543 697 735
8.0 8.1 117 320 519 704 724
9.0 8.9 144 244 394 432 377

eAverages of triplicate analyses, with mean deviation
= 207,

TABLE I1

ErFeCcT OF HAPTENS ON THE PRECIPITATION OF ANTI-S,
SERUM WITH S,-OVALBUMIN
Antigen solution in borate buffer at pH 8, 1 ml. (320 ug.);
antiserum, 1 ml.; hapten solution in saline, 1 ml.; pH of
supernate, 8.1
Moles of hapten added X 108
15.6 62.5 250 1000

Hapten Ko’ o Amount of precipitate®
Series A
Malonanilate ion 0.03 (1.5) . 920 830
Succinanilate 1.00 1.5 670 300 50
Glutaranilate 0.03 (1.5) 830
Adipanilate .01 920
d-Tartranilate .00 1030
Maleanilate .25 2.5 850 640 330
Fumaranilate .01 900
p-(»-Hydroxyphenyl- 1.38 1.0 920 610 200
azo)-succinanilate
p-Nitrosuccinanilate 1.65 1.0 870 570 120
p-Aminosuccinanilate 1.03 2.0 650 300 60
p-Bromosuccinanilate 1.31 1.5 640 200 0
m-Bromosuccinanilate  0.72 1.0 920 360 60
o-Bromosuccinanilate 50 1.0 890 490 110
N-a-Naphthyl-
succinamate .45 1.5 840 540 160
N-g-Naphthyl-
succinamate 1.09 1.0 680 220 0
Series B
Succinanilate ion 1.00 1.5 670 280 100
Succinate 0.01 990 870
Succinamate .035 (2.5) 970 980 760
N-Methylsuccinamate .053 (2.5) 890 820 650
N-Isopropylsuc-
cinamate .064 (2.5) 930 840 600
N-Cyclohexylsue-
cinamate 150 2 870 760 400
N-Benzylsuccinamate .255 2 800 650 280
d-N-(a-Methyl-
.194 2.5 860 660 400

benzyl)-succinamate

(28) D. Pressman, S. M. Swingle, A. L. Grossberg, and L. Pauling,
THIS JOURNAL, 66, 1731 (1944).

(29) Our work showing the same effect of hydrogen-ion concen-
tration on the precipitation with protein antigen of antiserum specific
to the p-azophenylarsonate ion and the p-(p-azophenylazo)-phenyl
arsonate ion has not been published.
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I-N-(a-Methylbenzyl)-

succinamate .169 2 878  (700) 400
N,N-Dimethyl-

succinamate 134 2 (920) 720 460
N,N-Diethyl-

succinamate 122 2 960 760 470
N-Phenyl-N-methyl-

succinamate .128 2 920 740 470
N,N-Pentamethylene-

succinamate .165 2 910 720 392

Series C .
Succinanilate jion 1.00 1.5 640 270 60
Benzoate <6.01 930
Phenylacetate < .01 990 960
B-Phenylpropionate .01 (930) 870
y-Phenylbutyrate .01 980 890
O-Phenylvalerate .02 920 830
B-Benzoylpropionate .59 1.5 770 (410) 130
y-Benzoylbutyrate .053 (2.9 810 640
Benzylsuccinate 134 2.0 980 750 440
Phenylhydantoate .102 2.0 930 790 490
Maleate .03 930 (960) 790
Fumarate . .00 980
Citraconate .02 910 860
Mesaconate .00 1020
Succinate .01 970 890
Valerate < .01 950
Levulinate .066 (2) 1010 845 620
Series D .

Succinanilate ion 1.00 2 670 300 90
vy-Anilinobutyrate 0.01 1030 1030 880
3-Phenylvalerate .01 970 930 910
B-Benzoylpropionate .63 1.5 810 410 160
Succinate .01 1010 950 900
Glutarate .00 1040 1030 1000
Adipate .01 940 890 910
Pimelate .00 1060 1660 990
Sebacate .03 (2 1060 930 790
Aspartate < .01 990 990 950
Asparagine .00 1000 1010 1000
Glutamate ion .00 1000 970 1000

oThe amounts of precipitate are in parts per mille of the
amounts in the absence of hapten: 665, 664, 699, and 649
ug. for series A, B, C, and D, respectively. Blanks of
serum and buffer 27, 27, 27, and 17, respectively. Values
are averages of triplicate analyses, with mean deviation
=29, except for duplicate analyses in parentheses.

Inhibition of Precipitation by Haptens.—
Data on hapten inhibition are given in Table II.
Values of the hapten inhibition constant K,’ and
the heterogeneity index ¢ obtained on application
of the theory of heterogeneous antisera® are also
listed.

The Structure of the p-Azosuccinanilate Hap-
tenic Group.—Through the consideration of the
relative -inhibiting powers of haptens of known
molecular configuration knowledge can be ob-
tained about the configuration of the combining
regions of the antibodies, and hence about the
normal configuration of the haptenic groups of the
immunizing antigen, if we accept the postulate
that these regions are complementary to this anti-
gen. In addition, the data for haptens with un-
certain configuration may be interpreted to pro-
vide information about either the normal con-
figurations of these haptens in aqueous solution or
about configurations which do not differ greatly in
energy from the normal ones.

(30) L. Pauling, D. Pressman, and A. Grossberg, THIS JOURNAL,
66, 784 (1944).
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It was found by Landsteiner and van der
Scheer that the maleate ion combines much more
strongly with anti-S, serum than does the fuma-
rate ion, and that the citraconate (methylmaleate)
" ion combines much more strongly than does the
mesaconate (methylfumarate) ion. We have
verified these observations (Table II), and have
also found that the hapten inhibition constant for
the maleanilate ion (0.25) is much greater than
that for the fumaranilate ion (0.01). It may ac-
cordingly be concluded that the antibody is com-
plementary to a czs configuration similar to that of
the maleanilate ion, A; and, since there is no rea-

(¢)
R
H-
O oo
N 4
C———CH
Va
O

son to believe that the normal configuration of the
p-azosuccinanilate group is inferior to any other
accessible configuration in acting as a template

during antibody formation, a corresponding cis

configuration, presumably B, is indicated for this
group.

0
o—c”
H- N
_—N\N—— —1\]'/ CH, B
NC——CH,
Vi
0

It seems to us likely that the cis configuration
indicated for this haptenic group is that repre-
sented by B, with a hydrogen bond between the
amide nitrogen atom and one of the oxygen atoms
of the carboxyl group, and that it is largely the
energy of this hydrogen bond which stabilizes the
cis configuration. (The ring closed by the hydro-
gen bond is probably not coplanar; the two
methylene groups may well have nearly the stag-
gerec% rather than the eclipsed relative orienta-
tion.) -

The Structure of the Succinanilate Ion, the
Succinate Ion, and Related Ions.—The large
value of Ky’ for the succinanilate ion (1.00, four
times the value for the maleanilate ion) indicates
strongly that the cis configuration is for this ion,
too, the normal configuration, and not just an
easily accessible one. On the other hand, the
value of Ky’ for the succinate ion, 0.01, is con-
siderably smaller than that for the maleate ion,
0.03, and it hence seems likely that the ¢is con-
figuration with the two carboxylate groups nearly
coplanar with the rest of the ring is not the normal
or preferred one for the succinate ion in aqueous
solution, but is instead only one of several readily
accessible configurations, being itself represented
by about 8%, of the dissolved ions (the percentage
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being indicated by the product of ratios of the
above K’ values). The lack of preference for the
c¢is configuration presumably is due in part to the
inability of the ion to form a hydrogen bond and
in part to the electrostatic repulsion of the two
carboxylate groups.

The succinamate ion, however, can form a hy-
drogen bond stabilizing the cis configuration, and
it contains only one charged group. It is accord-
ingly not surprising that the value of K, for
this ion (0.035) is considerably greater than
that for the succinate ion, and this fact may be
taken as verifying that the normal configuration
of the succinamate ion, and also of its various
monosubstituted derivatives, is the hydrogen-
bonded cis configuration described above for the
succinanilate ion.

cis Configuration without Hydrogen-bond
Stabilization.—It is interesting that there is
evidence for predominance of the c¢is configura-
tion, also for some molecules in which this
configuration is not stabilized by a hydrogen bond.
Thus the large value, 0.59, of K,’ for the g-
benzoylpropionate ion requires that the cis con-
figuration predominate for this ion in solution,
this being essentially the value that would be ex-
pected for the c¢is configuration. (The decrease
of 419, from the succinanilate ion would be ex-
pected to result from the somewhat different orien-
tation of the phenyl group than that for the im-
munizing haptenic group.)

A reasonable explanation of this observation is
that the cis configuration for this molecule is sta-
bilized by the electrostatic attraction of the nega-
tive charge of the carboxylion for a positive charge
on the benzene ring and carbonyl carbon atom.
The resonance structure places a significant

_ 0 _ 0 _ 0
J - o7 - o7
o—c{ o—cl o—c{
Cell /CHzCH /CH2 CoHon /CHz
6 2\ 6115 -+ 6. 5\
2 —CH, o>- " CH, -o>c— Hs

amount of positive charge in this region, the corre-
sponding negative charge being on the carbonyl
oxygen atom, and it is obvious that the electro-
static interactions would stabilize the c¢is con-
figuration, less effectively, however, than would a
hydrogen bond.

The sequence of values 0.035, 0.053, 0.134 for
Ky’ for succinamate ion, N-methylsuccinamate
ion, and N,N-dimethylsuccinamate ion strongly
indicates that the third of these substances has,
like the other two, predominantly the cis con-
figuration. For it the positive charge attracting
the carboxyl ion is placed on the nitrogen atom by
amide resonance

——C\< N(CH,)s . /IETECHs)z
O: O:
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The cis configuration indicated for benzylsuccin-

ate ion, CeH;CH,OCO(CH;).COO-, by its rather
large value of Ko’ (0.134, as compared with 0.255
for N-benzylsuccinamate ion) has a similar ex-
planation, the positive charge being on the oxy-
gen atom to which the benzyl group is attached
and on the adjacent carboxyl carbon atom.

The Structural Features Affecting Interaction
with Antibody.—The electrically charged car-
boxyl group is without doubt the structural
feature which is of greatest importance in the
interaction of haptens and anti-S, antibody; this
feature was, however, not varied in the present
investigation.®* The other structural features
which might be important are the imino group, the
carbonyl group, the benzene ring, and the frame-
work determining the relative positions of these
groups and the carboxyl group.

The data given in Table II indicate that the
imino group is not involved directly in attraction
of the antibody (hydrogen-bond formation), but
exerts only an indirect effect through stabilizing
the cis configuration for some haptens.

The carbonyl group, on the other hand; makes
an important contribution to the attractive forces
between hapten and antibody, without doubt by
serving as the proton receptor in a hydrogen bond
with the antibody. This is strikingly shown by
the relative values of K,’ for succinanilate ion
(1.00) and ~y-anilinobutyrate ion (0.01), and for
B-benzoylpropionate ion (0.59) and vy-phenyl-
butyrate ion (0.01), and is indicated also by other
comparisons among the data in Table II (levulin-
ate ion, CH;COCH,CH,COO™~ (0.066) and valer-
ate ion (0.01)).

The data also show clearly that the antibody is
not pliable, but is rigid: it cannot adjust itself to
a change by as much as 1 A. in the relative position
of the carbonyl group and the carboxyl group, but
requires for strong combination with a hapten

that these groups be the same distance apart as .

in the haptenic group of the immunizing antigen.
This is shown by the comparison of succinanilate
ion (Ko’ = 1.00) with malonanilate ion (0.03) and
glutaranilate ion (0.03), and of 8-benzoylpropion-
ate ion (0.59) with y-benzoylbutyrate ion (0.053).

The considerable effect of the van der Waals
attraction of the antibody for the benzene ring of
the haptenic group is indicated by the 30-fold in-
crease in value of Ky’ caused by introduction of a
benzene ring in succinamate ion. The effect of
the azo group and an additional benzene ring is,
however, very small—p-(p-hydroxyphenylazo)
succinanilate ion shows an increase in K, of only
38Y% over the succinanilate ion. We may ac-
cordingly conclude that the combining group of
the antibody is complementary in structure to the
succinamate group and also to the benzene ring,
but that it does not extend much farther along the
haptenic group.

The value of K, for N-cyclohexylsuccinamate

(31) See ref. 1 and earlier papers.
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ion (0.150), corresponding to decrease to one-
seventh on replacing phenyl by cyclohexyl, is
probably due to the smaller van der Waals attrac-
tion of cyclohexyl, resulting from its smaller po-
larizability and greater thickness3? than for the
phenyl group.

The value Ky’ = 0.00 found for the tartranilate
ion requires explanation. The great effect of the
two hydroxyl groups can hardly be attributed to
steric hindrance, since citraconate ion was found
to be nearly as effective as maleate ion, and the
methyl group is as large as the hydroxyl group.
It seems probable that the small effectiveness of
the tartranilate ion as an inhibiting hapten results
from the fact that hydroxyl groups of the ion in
solution are holding water molecules by hydrogen
bonds, and that these molecules must be removed
in order for the ion to fit into the antibody. This
would reduce the free energy of combination with
antibody by an amount equal to the free energy of
hydration of the hydroxyl groups. This explana-
tion is the same as that previously suggested?? for
the low values of K,’ for p-amino and m-amino
substituted haptens. The same phenomenon ex-

" plains the low value (0.102, only one-tenth that for

the succinanilate ion) of K’ for the phenylhydan-
toate ion, CeH;NHCONHCH,COO-. A steric
explanation could hardly be invoked here, because
the NH group is essentially equal in size to the
methylene group which it replaces.

The Effect of Substituents in the Benzene
Ring of the Succinanilate Ion.—The effect of
various groups in the para position of the ben-
zene ring of the succinanilate ion on the value of
Ky’ is in the order

NO; > HOCHNN > Br > NH; > H

The action of the nitro group to cause even greater
combination than the homologous azo-group was
observed previously with anti-R, serum (antiserum
specific for the p-azophenylarsonate ion group).%

The effect on Ky’ of the position of the substitu-
ent is in the order p > m > o, in agreement with
earlier observations,® .3 on p-azohaptenic systems.

The magnitude of the effect of substituents in
this system is less, however, than for other sys-
tems, the spread for the above groups'in the para
position being by a factor of less than 2 in K|/, as
compared with 5 for these groups with anti-R,
serum, 15 with anti-R,’ serum (antiserum specific
for the p-(p-azophenylazo)-phenylarsonate ion
group), and 20 with anti-X, serum (specific to the
p-azobenzoate ion group). Also in changing a
substituent from the para to the ortho position
there is a factor of only 2.6 involved, which is a
little larger than the value 2 for anti-R,’ serum but
is much smaller than those for anti-R serum (5 to
90) and anti-X, serum (20 to 1000). The small
effect of the substituents in the present system

(32) The effect has been found also in the benzoic acid system,
D. Pressman, S. M. Swingle, A. L. Grossberg, and L. Pauling, THIS

Journavr, 66, 1731 (1944).
(33) L. Pauling and D. Pressman, shid., 67, 1003 (1945).
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must be due to a rather poor fit of the antibody to
the benzene ring, which probably results from the
greater distance from the part of the haptenic
group which carries the electric charge.

The values of Ky’ for N-a- and N-B-naphthyl-
succinamate ions, 0.45 and 1.09, are reasonable
when compared with the observed effects of sub-
stituents in the o-, #-, and p-positions.

Discussion of Other Haptens.—The order of
effectiveness of various groups replacing one
hydrogen atom on the nitrogen atom of the
succinamate ion in increasing the value of Ky’ is
CeH; > CeH;CH, > CeHa(CHs)CH > GyC-CeHu >
(CH;);CH > CH; > H. The range of values of
K, from the benzyl group to hydrogen is through
a factor of 8. Replacement of a hydrogen atom
by a methyl group presumably increases the value
of K’ from 0.035 to 0.053 through the action of the
increased van der Waals attraction, corresponding
to the increase in polarizability of the group.
Further increasing the size of the alkyl group
causes additional increase in K'.

The larger value (0.165) of Ko’ for N,N-penta-
methylenesuccinamate ion than for N,N-diethyl-
succinamate ion (0.122).is probably in the main
due to the more compact structure of the penta-
methylene group than of the two ethyi groups.

In the homologous series of ions of dibasic acids,
succinic, glutaric, adipic, and sebacic, the last
combines the most strongly with anti-S, serum, as
was reported also by Landsteiner and van der
Scheer.” We checked this effect for larger
amounts of haptens, up to 10~ mole, in both the
system S;-ovalbumin:anti-S serum and the sys-
tem ovalbumin:antiovalbumin, and found the
effect to be specific to the anti-S, serum. In
general an increase in the hapten inhibiting effect
would be expected for such a series with increase in
the number of methylene groups, because of the
increasing van der Waals attraction. In the S,
system, however, it might be expected that the
sticcinate ion would have the maximum effect, be-
cause of its close relation to the immunizing para-
azosuccinanilate ion haptenic group. It is very
probable that the failure of the succinate ion to be
active is, as discussed above, due to the predomi-
nance of the {rans configuration for this ion, which
does not bring an oxygen atom of the second car-
boxyl group into the position corresponding to the
carbonyl group of the original immunizing antigen.

- Asparagine, the aspartate ion, and the gluta-
mate ion were all found to be ineffective as hap-
tens. It is likely that this ineffectiveness is to be
ascribed to the effect of the positively charged
ammonium ion group in these haptens.

Conclusion.—In general, it has been found
that the inhibiting power of haptens in the para-
azosuccinanilate system depends upon the struc-
tural features found previously for other systems,
principally the shape of the hapten, the polariza-
bility of groups, and the distribution of charge.
The previously recognized phenomenon of de-
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crease in inhibiting power for haptens that are
hydrated in solution and must have water removed
for combination with antibody has been substan-
tiated by several examples in this system. An
interesting result of the studies has been the dis-
covery that the para-azosuccinanilate group has
the ¢zs configuration in the azoprotein used as the
immunizing antigen, and that a similar cis con-
figuration is shown by the succinanilate ion, the
succinamate ion, and many related substances in
which this configuration can be stabilized by hy-
drogen bond formation. The ¢is configuration has
also been found to predominate for some other
substances in solution, the stabilizing influence
presumably being the attraction of the negative
charge of the carboxyl group for a positive charge
produced elsewhere in the molecule by resonance.

It may be pointed out that the results presented
in this paper, like those reported in the preceding
papers of this series, strongly support the concept
that the forces of attraction between antibody and
antigen are interatomic forces operating through
distances of a few 4ngstroms, and that the speci-
ficity of the resultant integrated attraction de-

"pends upon a detailed complementariness in

structure of antibody and antigen.
Acknowiedgment.—This investigation was
carried out with the aid of a grant from The
Rockefeller Foundation. We wish to thank
Mr. Dan Rice for assisting in the analytical work.

Summary

A quantitative study has been made of the pre-
cipitation reaction of S,-ovalbumin and anti-S,
serum, prepared by injecting rabbits with an azo-
protein made by coupling sheep serum with diazo-
tized p-aminosuccinanilic acid, and of the inhibiting
effect of fifty haptens on this precipitation. The
data have been interpreted to show that the nor-
mal configuration of the p-azosuccinanilate ion
haptenic group is a cis configuration, which is pre-
sumably stabilized by a hydrogen bond between
the nitrogen atom of the amide group and an oxy-
gen atom of the carboxyl group. They further
indicate that a similar c¢is configuration is the
predominant configuration for the succinamate
ion and related ions, including some which are not
stabilized by hydrogen-bond formation.

The results support the concept that comple-
mentariness in structure of antibody and antigen
is responsible for their specific combination, and
that the forces involved require approximation of
the attracting molecules to within one or two ang-
stroms. The values of the hapten inhibition con-
stant show that the principal forces of attraction
between the antibody and the hapten are the at-
traction for the negative charge of the carboxyl
group, attraction for the carbonyl group (presum-
ably by formation of a hydrogen bond), and van
der Waals attraction for the benzene ring and
other parts of the hapten.
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[CoNnTRIBUTION FROM THE CoBB CHEMICAL LABORATORY OF THE UNIVERSITY OF VIRGINIA]

Antimalarials. 2,5-Diphenyl-3-furyl Amino Ketones and Alcohols!

By RoBERT E. LUtz AND RUSSELL J. RowLETT, Jr.2

This research was a part of an exploratory pro-
gram on quinine-type synthetic antimalarials.®
The objective was the preparation of some novel
a-aryl-g-dialkylamino ketones and alcohols of the
type I, II, XI (and its alcohol), and XVI, involv-
ing the furyl group as the central aromatic nuclear
system. Early leads had indicated slight activity

H—(l‘ll C—COCH:N(C,Hj):
CaHs—C\ O/C—C.;Hs

I

H——?‘:———C~CHOHCH2NR2
CeHu—c\O /C—CoHs

II

against avian malaria of certain 2,5-diphenylfuran
types which contained basic groups,®-? although
by present standards of testing* few of the com-

H—C——C—H

H—C——C—COCH;

ketone (VII) was isolated; the chief product
evidently was a mixture which included un-
changed material and the dibromo compound (V).
This was shown by the reaction of a second mole-
cule of bromine which produced the dibromoacetyl
derivative (V) in good yield. It was somewhat
surprising to us that the substitution of the second
bromine proceeded so rapidly and involved the
acetyl group rather than the vulnerable 4-furyl or
para-phenyl positions, but there is analogy for
this in the bromination of 2-acetylfuran.®

The nature of the dibromoacetyl compound (V)
was demonstrated by the facile reductive dehalo-
genation back to the acetylfuran (IV), a reaction
which showed that the two bromines were alipha-
tic. The non-reactivity of the 4-nuclear and para-
phenyl bromines was demonstrated by the stabil-
ity under the reducing conditions of two com-
pounds, one, the 3-acetyl-4-bromo-2,5-diphenyl-
furan (IX) which was made from 3-bromo-2,5-

"H—C——C—COCHBr:

Colt g\ L ca Suis SRS (N = T N N

M\ T T M OO e O S

11 v v
Brs l (small yield) '

H—C——C—COOH  (a) SOCI H—C——C—COCHBr — s  H—C———C—CHOHCH,Br

Colls—Cn C—CoH %b§ TN gl L cn MOCHY. L n
. _ X Ho . . . _
6L1p \0/ 6415 . 6115 C\O/ 6L1lp 6115 \O/ 6115
VI : VII VIII

pounds so far obtained in this field are to be re-
garded as active at all, and then only very slightly
so. Because of this, although the objectives were
only partially achieved, the work was discontinued.

The first attempt to synthesize the key inter-
mediate, 3-bromoacetyl-2,5-diphenylfuran (VII),
was through the Friedel-Crafts acylation of 2,5-
diphenylfuran followed by bromination. The
Friedel-Crafts reaction, although it was unsuccess-
ful using aluminum chloride,® proceeds in excellent
yields using the combination stannic chloride and
acetic anhydride. Bromination of the resulting 3-
acetylfuran (IV), however, proved to be difficult
to control. Under the various conditions em-
ployed only a small amount of the desired bromo

(1) A part of the work described in this paper was done under a
contract, recommended by the Committee on Medical Research,
between the Office of Scientific Research and Devleopment and the
University of Virginia.

(2) Philip Francis du Pont Fellow, 1943-1944." Present address:
Chemical Abstracts, Ohio State University.

(8) Cf. (a) Lutz, et al., THIS JoUurNAL, 68, 1813 (1946); (b) J.
Org. Chem., 12, 617 (1947); (c) Lutz and Bailey, THis JOURNAL, 67,
2229 (1945); (d) 68, 2002 (1946).

(4) F. Y. Wiselogle, ‘“‘Survey of Antimalarial Drugs, 1941-1945,”
J. W. Edwards, Ann Arbor, Mich., 1946.

(6) Woodward, Dissertation, Harvard University, 1936.

diphenylfuran by the Friedel-Crafts reaction, and
the other, the isomeric 3-acetyl-2,5-di-(4-bromo-
phenyl)-furan (X), which was made by the Friedel-
Craftsreaction with 2,5-di-(4-bromophenyl)-furan.

Br—C C—COCH; H——Cll—ﬁl—COCH;
CsHs‘C\O /C———CGHs Br! CGH“_E\O /C'fCeH4Bf

IX X

The use of chloro and bromoacetyl chlorides in
Friedel-Crafts reactions with 2,5-diarylfurans was
unsuccessful except in one case. Bromoacetyl
chloride and aluminum chloride reacted with 2,5-
di-(4-bromophenyl)-furan to give an intractable
mixture which on bromination gave a small yield
of the dibromoacetyl compound. The Ilatter
compound was obtainable in better yields by the
bromination of 3-acetyl-2,5-di-(4-bromophenyl)-
furan. These experiments showed that the bro-
moacylation must have produced some of the
desired 3-bromoacetyl derivative, even though it
was not isolated as such.

The 3-bromoacetyl-2,5-diphenylfuran (VII) was
best obtained from the 3-carboxylic acid (VI) by

(6) Brown, Iowa State Coll. J. Sci., 11, 221 (1937).
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the well known steps, conversion into the acid
chloride, diazomethylation, and subsequent treat-
ment with hydrobromic acid.”

Condensation of the 3-bromoacetylfuran (VII)
with diethylamine gave a typical amino ketone.
Condensation of the bromohydrin (VIII) with
diethylamine gave a product which resisted crys-
tallization cither as the base or the salt. However,
a crystalline morpholino alcohol was obtained by
this method. Further work in this direction was
abandoned because of lack of material.

Six B-dialkylamino ketones of the type XI were
made by the Mannich reaction with 3-acetyl-2,5-
diphenylfuran, utilizing the following amines:
morpholine, piperidine, dimethylamine, diethyl-
amine, dibutylamine and benzylmethylamine.
Only two of these compounds were active, and
very slightly so, against avian malaria.*

H—C—C—COCH,;CH:NR,

e, c
oH s— \O/C’— oH

XI

H—C——C—COCH,CH,

I
CsHs‘—C\O /C‘—‘CGH5

XII

Attempts to reduce these compounds to the
amino alcohols by catalytic hydrogen or by alu-
minum isopropoxide, failed, and only the fission
product, the secondary amine, and non-crystalline
materials were obtained. From the products of
catalytic hydrogenation in one case there was iso-
lated in considerable yields a crystalline deamina-
tion product, the ketone XII, which was synthe-
sized independently by the Friedel-Crafts reac-
tion between propionic anhydride and 2,5-diphen-
ylfuran.

In a start toward making an amino alcohol
through the para position of a phenyl group, a
Friedel-Crafts reaction was carried out with 3,4-
dichloro-2,5-diphenylfuran (XIII) where the 3,4-
furan positions were blocked by chlorine atoms
which could be removed later by catalytic hydro-
genation. The acylation by means of acetyl chlo-
ride and aluminum chloride proceeded twice, how-
ever, instead of once as desired, and the di-para-
acetyl derivative (XIV) was isolated as the chief

Cl—C——C—Cl
I AICl,

CeHr—C ,C—CeH 2 s
TN T Temcodi

XIII
Cl—-C——-C—Cl

I |
CH,«,COCeHg—C\O _/C—C4H,COCH;

XI1v

(7) This reaction scheme has been applied at least twice in the
furan series starting from furoic acid [Reichstein and M-orsma.n,
Hely. Chim. Acta, 17, 1219 (1934); Burger and Harnest, THIS
JOURNAL, 66, 2382 (1943)].
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product. Its structure was demonstrated by
oxidation to terephthalic acid.

In connection with the a,B-dimorpholinylben-
zylacetophenones,® benzaldehyde was condensed
with 3-acetyl-2,5-diphenylfuran (IV). The ben-
zal derivative (XV) was brominated and the di-
bromide reacted with morpholine to give the
dimorpholino ketone XVI. This compound
showed no activity against avian malaria.

H—C C—COCH=CHC:H;

|
CH—C\ C—CH;
XV

OHC,N  NCH;0

H—C——C—COCH—CHC¢H;

I
CoHle—Cy _ /C—Ces

XVI

Acknowledgment.—The synthesis of XII was
carried out by Mr. C. R. Bauer.

Experimental’

The Preparation of 2,5-Diphenylfuran (III).—Two
hundred and fifty grams of frans-dibenzoylethylene was
added portionwise to a vigorously stirred and refluxing
mixture of 250 g. of stannous chloride and 500 ml. each
of concd. hydrochloric and concd. acetic acid. The mix-
ture was refluxed for fifteen minutes, and allowed to cool
to 50°, and poured into cold water. The solidified prod-
uct was crystallized slowly from ethanol; yield 154 g. of
m. p. 89.5~90° and 36 g. of m. p. 86-87° (86%).

2,5-Di-(4-bromophenyl) -furan.®—Twenty-five grams of
di-(4-bromobenzoyl) -ethylene was added to a stirred
mixture of 50 ml. of concd. hydrochloric and 200 ml.
of concd. acetic acids. The addition was rapid enough to
keep the mixture boiling gently under the heat of reaction.
After refluxing for forty minutes and cooling, the product
was isolated by pouring into water. Crystallization from
benzene gave 17 g. (78%); melting point 206.5-208°.

Catalytic reduction of 2,5-di-(4-bromophenyl)-furan
using palladium on barium sulfate in 959, ethanol at
atmospheric pressure and room temperature for eight
hours gave 2,5-diphenylfuran.

3-Bromo-2,5-diphenylfuran!! was made on a large
scale by adding 10 ml. of concd. sulfuric acid to a stirred
mixture of 120 g. of dibenzoylbromoethane in 500 g. of
acetic anhydride. The temperature rose to 54°. Hy-
drolysis and crystallization of the product gave 94 g.
(83%); m. p. 84-86°.

The Preparation of 3-Acetyl-2,5-diphenylfuran (IV).*—
The Friedel-Crafts acylation of 2,5-diphenylfuran was
carried out by means of acetic anhydride and stannic
chloride under a variety of conditions in which the solvents
tetrachloroethane, carbon disulfide and benzene were
used, and in which the mole ratio of stannic chloride was
varied between one and two. Acetic anhydride was al-
ways used in about 109, excess. The temperature ranges
were from 20-50° and the time one-half to eighteen hours.
The yields ranged from 64 to 809%. The best procedure
is as follows:

Acetic anhydride [28.6 g. (0.28 mole)] was added
slowly to a stirred mixture of 55 g. (0.25 mole) of 2,5-

(8) A paper to be published shortly from this Laboratory, dealing
with a study of this class of compounds with respect to antimalarial
activity.

(9) All melting points are corrected.

(10) Lutz and Eisner, THIS JOURNAL, 56, 2699 (1934); Perkin
and Schloesser, J. Chem. Soc., 87, 94 (1890).

(11) Lutr and Smith, THIS JOURNAL, 63, 1148 (1941).
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diphenylfuran and 250 ml. of dry thiophene-free benzene.
A solution of 65 g. (0.25 mole) of anhydrous stannic
chloride in 50 ml. of dry benzene was added slowly over
thirty minutes with the mixture temperature starting at
13° and not allowed to exceed 20°.  Stirring was con-
tinued for thirty minutes (15-20°) and the mixture was
poured into ice and concd. hydrochloric acid. The prod-

uct, recovered from the benzene layer, was crystallized:

from ethanol (with Darco treatment); yield 52 g. (80%)
of m. p. 62-64°. '
2,5-Diphenyl-3-propionylfuran (XII) was made.exactly
as was the 3-acetyl analog, but using propionic anhydride.
The yield of the product melting at 92.5-95.5° was 72%.
A mixture melting point with the sample prepared by
reduction of the 3-(gB-dialkylamino) ketones showed no
depression; melting point 95.5-96°.

Anal. Caled. for CmHqu: C, 82.53; H, 5.84.
Found: C, 82.04; H, 6.19.

2,5-Diphenyl-3-furoic acid®!! (VI) was made by
passing dry carbon dioxide into a cold ether solution of
2,5-diphenyl-3-furylmagnesium bromide which had been
made from carefully purified and dried 3-bromo-2,5-
diphenylfuran in the usual way in carefully dried appara-
tus. -

2,5-Diphenyl-3-furoyl chloride.—Five hundred milli-
liters of thionyl chloride was added cautiously to 49 g.
of 2,5-diphenyl-3-furoic acid and the mixture was re-
fluxed for thirty minutes. Unused thionyl chloride was
distilled under reduced pressure, and the last traces were
eliminated by boiling out with added benzene. Crystal-
lization from ligroin with Norit treatment and cooling to
—20° for forty-five minutes gave 44 g. of yellow crystals
of m. p.95-97° (83%).

Anal. Caled. for C;H;;ClO:: Cl, 12.54. Found:
Cl, 12.54.. (This analysis was carried out by solution of
the sample in warm alcohol, addition of alcoholic sodium
hydroxide and boiling for ten minutes. After acidification
with dilute nitric acid the solution was titrated by Mohr’s
method with standard silver nitrate and 49, potassium
dichromate as indicator.!?)

2,5-Diphenyl-3-furyl Diazomethyl Ketone.—A solution
of diazomethane in 1300 ml. of methylene chloride®s
(0.4675 N as determined by titration) was cooled to 0°;
and 40 g. of 2,5-diphenyl-3-furoyl chloride was added
with gentle stirring. Effervescence continued for thirty
minutes. After two hours in the ice-bath and standing
overnight, the solvent was evaporated under reduced
pressure. A small sample was recrystallized from ethyl
acetate and melted at 136.5-138°.

Anal. Caled. for CigHi2N2Oq:
9.79.

The bulk of the product was used directly in the prepa-
ration of the bromoketone.

3-Bromoacetyl-2,5-diphenylfuran (VII).—Attempts to
brominate 38-acetyl-2,5-diphenylfuran (IV) with one
equivalent of bromine under a variety of conditions gave
mixtures of products. When the bromine in carbon di-
sulfide was added slowly to a carbon disulfide solution of
IV at room temperature (over one hour), an oil was ob-
tained which, when treated with a small volume of ethanol,
gave a low-melting crude solid. Laborious purification
from ethanol gave a small amount of moderately pure VII
which was identified. The bulk of the residue on further
manipulation gave some dibromo compound (V). That
the original crude mixture was largely VII was shown by
treatment with diethylamine and isolation of the diethyl-
amino ketone (as the hydrochloride) in 549, yield.

The unsuccessful attempts at Friedel-Crafts reactions
between bromoacetyl and chloroacetyl chlorides involved
the use of aluminum, ferric and stannic chlorides, with
carbon disulfide, benzene or tetrachloroethane as solvent,
and temperatures ranging from —5 to 60°.

The best preparation of the 3-bromoacetyl compound
is as follows: The ether suspension of the diazoketone

N, 9.71. Found: N,

(12) See Willard and Furman, “Elementary Quantitative Analy-
sis,”” 2nd ed., D. Van Nostrand Co., New York, N. Y., 1935,
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(prepared as described above from 40 g. of the acid
chloride of VI) in 1 liter of dry ether, was cooled to 0°
and treated slowly over three hours under stirring with
23 ml. of 489, hydrobromic acid in 23 ml. of dry ether.
Stirring was continued for three hours. After washing
and evaporating the solvent, the resulting oil slowly
crystallized. Crystallizations from ethanol containing
a little ethyl acetate, and from 85% ethanol, gave dia-
mond-shaped light yellow plate-like crystals of melting
point 62-64°. )

Anal. Caled. for C;sHy;3BrOe: C, 63.37; H, 3.84.
Found: C, 63.17; H, 4.17.

3-(2-Bromo-1-hydroxyethyl)-2,5-diphenylfuran (VIII).
—A mixture of 375 ml. of 0.6 NV aluminum isoproxoxide
and 25.6 g. of the bromoacetylfuran (VII) was refluxed
for one and one-half hours at which time the evolution of
acetone had ceased. Hydrolysis in dilute hydrochloric
acid and crystallization of the precipitate from 80%
ethanol (with Darco treatment), cooling to —20°, gave
17.4 g. (68%). After crystallization it melted at 124

126°. .
Anal. Caled. for C;3H;sBrO.: Br, 23.29. Found:
Br, 23.26. (The analysis was carried out by warming

the sample in alcoholic sodium hydroxide for ten minutes,
acidifying with dilute nitric acid, and titrating with
standard silver nitrate.1?)

Condensation of the small sample of VIII available,
with diethylamine, gave an oil which we were not able
to crystallize, either as the base or as the hydrochloride.

3-Acetyl-4-bromo-2,5-diphenylfuran (IX).—Two equiv-
alents of stannic chloride was added dropwise to a stirred
and ice-cooled mixture of 3-bromo-2,5-diphenylfuran
and a 109, excess of the calculated amount of acetic an-
hydride in carbon disulfide. Hydrolysis in ice and concd.
hydrochloric acid, separation, and evaporation of the
solvent gave a crude product which was crystallized from
concd. acetic acid to which a small amount of water had
been added. Crystallization from 60% ethanol gave pale
yellow needles of melting point 81°.

Anal. Caled. for C;sH;3BrO;:
Found: C, 63.18; H, 3.80.

The compound was not affected by zinc dust and
concd. acetic acid at boiling-water-bath temperature for
thirty minutes.

3-Acetyl-2,5-di-(4-bromophenyl) -furan (X).—To a sus-
pension of 18.9 g. (0.05 mole) of 2,5-di-(4-bromophenyl) -
furan in 200 ml. of tetrachloroethane and 26.1 g. (0.1
mole) of stannic chloride, was added over five minutes
5.1 g. (0.05 mole) of acetic anhydride in 20 ml. of tetra-
chloroethane. After stirring for thirty minutes at room
temperature and 1.6 hours at 68-69° (yellow crystals
had appeared), and working up the product as above,
22.9 g. (98%) of fairly pure product was obtained.

A reaction using two equivalents of aluminum chloride
in the same solvent and adding one equivalent of acetyl
chloride (stirring for three hours) gave the same product
but in only 779, yield.

After recrystallizations from ethanol containing a small
amount of ethyl acetate, the compound melted at 129-
130°.

Anal. Caled. for C;[sH]zBrzOz: C, 51.46;

Found: C, 52.10; H, 3.21.
3-Dibromoacetyl-2,5-di-(4-bromophenyl) -furan was

made in nearly quantitative yield by bromination of X

in carbon tetrachloride at room temperature over thirty

C, 63.37; H, 3.84.

H, 2.88.

minutes. It was crystallized from an ethyl acetate-
ethanol mixture and melted at 168.5°.
Anal. Caled. for CisHy0BriO,: C, 37.41; H, 1.74.

Found: C, 37.28; H, 2.41.

In an attempt to obtain the 3-bromoacetyl analog by
the Friedel-Crafts acylation of 2,5-di-(4-bromophenyl)-
furan with aluminum chloride and bromoacetyl chloride
in tetrachloroethane (three hours at room temperature),
a difficultly separable mixture was obtained which was
evidently largely the desired 3-bromoacetyl-2,5-di-(4-
bromophenyl) -furan (m. p. 128-132°). Bromination of
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this in carbon tetrachloride gave the 3-dibromoacetyl
compound in 839, yield.

The 3-(B-Dialkylaminopropionyl)-2,5-diphenylfurans
(XI).—Mixtures in the ratio of approximately 0.1 mole
each of the furan (IV) and the secondary amine hydro-
chloride or hydrobromide, and 0.11 mole of paraformalde-
hyde in 100 ml. of 98.5%, ethano! and 2 ml. of concd. hy-
drochloric or hydrobromic acid, were refluxed. The
products were precipitated as the salts upon cooling (in
some cases after first concentrating the solution under
reduced pressure). When the hydrobromide of the amine
was used in the reaction, usually with concd. hydrobromic
acid instead of hydrochloric, the base was liberated by
means of alkali, extracted into ether and converted into
the hydrochloride. The crystallizations of the salts, and
of the one crystalline base which was handled in that
form, were from ethanol, except in the last case where the
solvent was ethanol containing a small proportion of
ethyl acetate.

ROBERT A. Lutz AND RUssELL J. ROWLETT, JR.
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hydrobromide. Evaporation under reduced pressure
and conversion to the hydrochloride in ether gave 2.1 g.
(55%). It was recrystallized from ethyl acetate by addi-
tion of absolute ethanol; melting point 202-203°.

Anal. Caled. for CpHy;NO;-HCl: C, 68.47; H,
6.27; Cl, 9.18. Found: C, 68.49; H, 6.27; Cl, 9.21
(by titration).

2,5-Di-(4-acetylphenyl) -3,4-dichlorofuran  (XIV).—A
mixture of 13.4 g. (0.1 mole) of aluminum chloride, 14.5
g. (0.05 mole) of 3,4-dichloro-2,5-diphenylfuran (XIII)
and 100 ml. of tetrachloroethane, was treated with 5.9
g. (0.025 mole) of acetyl chloride in 25 ml. of tetrachloro-
ethane (30°, for two hours). Hydrolysis, washing and
steam distillation of the solvent gave a residual oil which
partly solidified. = Crystallization from ethanol gave 11.2
g. of nearly pure product. It was recrystallized from
ethanol; yellow needles of melting point 130.5°.

Anal. Caled. for Con_Mcle;g:' C, 64.37;
Found: C, 64.42; H, 4.11.

H, 3.78.

MANNICH REACTION PRODUCTS

Heating
time, Yield,

NR2 SN. No.e Qb hr %
N(CHj;).-HCl 4909 <0.06 22 41
N(C.H;)..HC1 2624 .06 72 75
N(n-butyl)s-HCl 3541 < .06 120%¢ 45
Morpholinyl(base) 3543 .03+ 4%¢ 58
Piperidyl-HCl 6639 < .15 20%° 247
N(CH;)CH, CsHy-HCl 6638 < .03 244 47

Analyses, %

M. p.. Empirical Carbon Hydrogen
°C. formula Caled. Found Caled. Found
189 CyHxNO:-HC1 70.88 70.79 6.23 6.57
147 CysHysNO-HCl 71.95 72.00 6.83 6.77
144 CyH;NO.-HCl  3.18 2,88  (nitrogen)
101.5  CyuHxuNO; 76.42 76.40 6.41 6.65
194-195 CyHiNOHCl 3.54 3.80 (nitrogen)
193" CuHgNOHCL  3.24 2.96 (nitrogen)

@ The SN number identifies the drug in the Survey Tables.* ? Quinine equivalent determined against Gallinaceum in

the chick (see ref. 4).

reactions the secondary amine hydrobromide was used instead of the hydrochloride.

¢ BEvery twenty-four hours an additional 0.05 mole of paraformaidehyde was added.

d T 2l
A1 LUT>T

¢ Hydrobromic rather than hydro-

chloric acid was used. 7 This compound was formulated erroneously as the monoamylamino ketone under this number
in the Survey Table.* ¢ Fully purified material (the other yields listed above were for partially purified material).

% Unsharp melting point; softens at 182°,

Attempted reduction of the diethylamino ketone (XI)
by aluminum isopropoxide (refluxing for three hours)
gave only unchanged material. Reduction of the di-
butylamino analog (XI) under refluxing involved only
very slow evolution of acetone as shown by test with 2,4~
dinitrophenylhydrazine. After eight hours the product
was worked up and the only compound isolated (and that
in large quantity) was dibutylamine (as the hydrochloride).

Catalytic hydrogenation at atmospheric pressure and
room temperature of 21.1 g. (0.055 mole) of the g-diethyl-
amino ketone (XI) with 0.5 g. of platinum oxide in 300
ml. of 99.5%, ethanol, was stopped after ten hours and
absorption of one equivalent of hydrogen (although the
rate of absorption had not dropped). Concentration of
the solution gave 5.5 g. of a product which, after crystal-
lization from 609, ethanol, melted at 93° and was identi-
fied as 2,5-diphenyl-3-propionylfuran (XII) by mixture
melting point.

The same compound was obtained by a similar reduction
of the dibutylamino analog (XI). Here the hydrogena-
tion had been allowed to go further (1.3 equivalents).

3-Diethylaminoacetyl-2,5-diphenylfuran Hydrochloride
(I) —An absolute ether solution (75 ml.) of 3.4 g. of the
bromoketone (VII) and 2.9 g. of diethylamine quickly
gave a precipitate. After standing for five hours the di-
ethylamine hydrobromide was filtered (81%), and the
solution was washed, treated with Norite, and dried over
sodium sulfate. Acetone was added and the solution
acidified with ethereal hydrogen chloride and cooled to
—20° for two hours; yield 1.84 g. Recrystallization from
anhydrous ethyl acetate and absolute ethanol mixture,
- gave long needles of melting point 202-204°.

Amnal. Caled. for C;2HasNO,-HCI: N, 3.79; Cl, 9.59.
Found: N, 3.53; Cl, 9.54 (by titration).

2,5-Diphenyl-3-[2-(N-morpholinyl) -1-hydroxyethyl] -
furan Hydrochloride (II).—Condensation of morpholyine
with the bromohydrin (VIII), with no added solvent,
and standing for twenty-eight hours, and diluting with
ether, gave 889, of the calculated amount of morpholine

A higher reaction temperature (68°) gave tars, and no
reaction occurred at a lower temperature (0-2°).

Oxidation.—A cooled suspension of the furan (XIV) in
ten parts of concd. acetic acid and one of concd. nitric
acid, was warmed. Reaction began with evolution of
oxides of nitrogen at 40-45° and the solid dissolved. The
mixture was heated at 80-85° for fifty minutes and poured
into water. The product, which we were unable to
crystallize, was then oxidized by potassium permanganate
in 109 sodium carbonate, and gave almost two equiva-
lents of terephthalic acid (identified by m. p. 301° and
mixture melting point with an authentic sample).

3-Benzalaceto-2,5-diphenylfuran’® (XV).—Eighty milli-
liters of 109, sodium hydroxide was added dropwise to a
well-stirred mixture of 38 g. of the acetylfuran (IV),
500 ml. of ethanol and 21.2 g. of benzaldehyde. An oil
separated. Stirring was continued for two hours. The
product solidified, and was filtered and crystallized from
ethanol; yield 47 g. (98%). Crystallization from ethanol
containing a small amount of ethyl acetate gave pale
yellow needles; melting point 123°.

Amnal. Caled. for Cy;Hs0.: C, 85.69;
Found: C, 85.83; H, 5.77.

The dibromide® was made by bromination of XV in
ether. The yield of material after crystallization from
ethaénol-ethyl acetate mixture, was 77%); melting point
180°.

Anal. Caled. for Cy;H,sBriO;:
Found: C, 58.82; H, 3.94.

3-(2,3-Dimorpholinyl-3-phenylpropionyl) -2,5-diphenyl-
furan (XVI).—A mixture of 30.8 g. of the dibromide of
XV, 26.1 g. of morpholine and 200 ml. of absolute ethanol
was refluxed for thirty minutes and allowed to stand
overnight. The solid product was filtered, washed. with
water and recrystallized from an ethanol-ethyl acetate
mixture; yield 15 g. (48%); melting point 192°.

Anal. Caled. for CuHuN:O,: C, 75.83; H, 6.56.
Found: C, 75.59; H, 6.89.

H, 5.18.

C, 58.84; H, 3.56.
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Summary

Six B-dialkylamino ketones, one a-dialkylamino
ketone and one a-dialkylamino alcohol, were
made, based on the 2,5-diphenyl-3-furyl system.

The synthetic work involved a study of (a) the
Friedel-Crafts acylation of 2,5-diarylfurans and
bromination of the 3-acetyl group, and (b) conver-
sion of the 3-carboxylic acid through the acid
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chloride and diazomethyl ketone into the bromo-
ketone and bromohydrin.

The a,3-dimorpholino ketone was made from
the benzal derivative of the 3-acetylfuran.

Very little or no antimalarial activity was ob-
served in the limited studies in this field.

CHARLOTTESVILLE, VIRGINIA
RECEIVED NOVEMBER 20, 1947

[CONTRIBUTION FROM THE RESEARCH LABORATORIES, PARKE, Davis & CoMPANY]

Aminoalkylphenols as Antimalarials.

IL.*

(Heterocyclic-amino)-«~amino-o-cresols.

The Synthesis of Camoquin?

By J. H. BURCKHALTER,? F, H. TENDICK, ELDON M. JoNES, PATRICIA A. JONES, W. F. HOLCOMB AND
A. L. RAWLINS

In an earlier publication® we described a new
class of antimalarial compounds represented by
4-t-butyl-a-diethylamino-6-phenyl-o-cresol (SN
7,744) and 6,6’-diallyl-a,a’-bis-(diethylamino)-
4,4'-bi-o-cresol (SN 6,771). The high activity of

OH
CsHs\ /CH2N(C2H5)2

(CHay)s
SN 7744

?HZN (C.Hy)s CH,N(C,Hs):

10— Sl o

Hy—CH=CH; CH;—CH=CH,
SN 6771

SN 6,771, SN 7,744 and simple analogs led, in
1943, to the synthesis of analogs containing sub-
stituent heterocyclic nuclei. This paper describes
the work on quinolines, acridines and other hetero-
cyclic compounds which has resulted in the prepa-
ration of a new antimalarial, SN 10,751.%4

1‘\111
9b
o/ VW

SN 10,751

(1) For paper I see Burckhalter, Tendick, Jones, Holcomb and
' Rawlins, THIS JOURNAL, 68, 1894 (1946).

(2) (a) Camoquin is the Parke, Davis name for 4-(7-chloro-4-
quinolylamino)-a-diethylamino-o-cresol, SN 10,751. (b) The desig-
nation SN identifies a compound in the monograph A Survey of
Antimalarial Drugs, 1941-1945, F. Y. Wiselogle, Editor, J. W. Ed-
wards, Ann Arbor, Mich., 1946.

(3) Present address: University of Kansas, Lawrence, Kansas.

(4) This drug has been receiving extensive clinical trial in many

" parts of the world with promising results. Chemical data are sum-
marized in Table VI, compound 9.

—OH
CH:N(C,Hs)s

Early attempts to prepare the first member of
the new heterocyclic series were unsuccessful.
Treatment of 6-chloro-9-(4-hydroxyanilino)-2-

. methoxyacridine with formaldehyde and diethyl-

amine in the manner of the Mannich reaction
failed to yield a product.”? A method was de-
veloped, however, through the preparation of 4-
amino-a-diethylamino-o-cresol (SN 12,458) and
its condensation with 6,9-dichloro-2-methoxyacri-
dine (I) in phenolic solution® to give 4-(6-chloro-2-
methoxy - 9 - acridylamino) - « - diethylamino-

/CHzN(CzHl)z 7

Cl \N

o-cresol (SN 8,617).
NH:

OH : ]
/OCHS
SN 12,458 1

NH— —OH

Cﬁ\ O__OCH:\CHzN(Csz)z
A4

SN 8,617

The intermediate 4-amino-a-diethylamino-o-
cresol (SN 12,458) is new and has been prepared
both by acid deacetylation of 4-acetamido-c-di-
ethylamino-o-cresol (SN 7,767) and by reduction
of 4-nitro-a-diethylamino-o-cresol (SN 7,292).
The last two compounds were obtained from 4-

(5) F. F. Blicke, “Organic Reactions,” Vol. I, John Wiley and
Sons, Inc., New York, N. Y., 1942, Chapter 10. Subsequently, in-
complete studies have shown that the reaction can be effected with
certain substituted aminophenols, e. g., see compound 3, Table XII
(VI).

(6) Because of the objection to the handling of phenol, this and
similar condensations were later carried out in dilute mineral acid
according to a procedure used by Banks, THis JoUrNAL, 66, 1127
(1944).
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TABLE 1
AceTAMIDOPHENOLS®
Analyses, % ~
VYield, M. p., - Carbon Hydrogen Nitrogen
No. Compound % °C. Formula Caled. Found Caled. Found Caled. Found
1  4-Acetamidophenol 56° 168
2  4-Acetamido-2-chlorophenol h5° 144  CHCINO, 51.77 51.68 4.35 4.24
3  2-Acetamido-4-chlorophenol 52¢ 186 CyHCINO, 51.77 51.81 4.35 4.39
4  4-Acetamido-2-phenylphenol 60° 160 CyHyiNO, 6.16 6.01
5 2-Acetamido-4-phenylphenol 897 165 CuH;NO, 6.16 6.43
6 2-Acetamido-4-f-butylphenol 797 170 CpHyNO, 6.75 6.91

e The nitrophenols were obtained through the codperation of Dow Chemical Co.
¢ Recrystallized from isopropanol as light gray crystals.

Eastman Kodak.

b Identical with the product from

4 Recrystallized from ethanol. ¢ Recrystal-

lized from methanol. / Recrystallized from benzene-ethanol. ¢ Recrystallized from benzene.

TaBLE 11
Z-ACETAMIDO-q-ALKYLAMINO-0-CRESOLS

Analyses, %

— Substituents————  Vield, M. p., Carbon Hydrogen Nitrogen
No. z Alkylamino Other % °C. Formula Caled. Found Caled. Found Caled. Found
1 4 Diethylamino 82% 135 Cy3HyN:O, 66.07 - 66.45 8.53 8.48 11.85 11.86
2 5 Diethylamino 33% 210 Cy3HyN20,-HCl 10.27 10.19
3 4 Di-n-butylamino 87° 73 CyHyuN:O; 69.82 70.30 9.65 9.51
4 4 Dibenzylamino 75° 230 CyHpN:O. 7.77 7.76
5 4 2-Methyl-1-piperidyl 65¢ 175 CiHuN,O,HCI-H,O0 56.86 56.60 7.95 7.96 8.84 8.42
6 4 4-Morpholinyl 27° 133 Cy3HisNoOs 62.40 62.35 7.25 7.40
7 4 Methyl-(2-hydroxy- 50 198 C;2H3N,OyHCI 10.20 10.09
ethyl)-amino
8 4 Mono-2-hydroxy- 317 230 CuHyN0HCI 10.75 10.44
ethylamino
9 4 Mono-2-butylamino 377 156 CisHzoN2O, 66.07 66.27 8.53 8.60
10 4 Diethylamino 6-Allyl 58* 86 CisHaN:O; 69.53 69.44 8.75 8.69
i1 6 Diethylamino 4-Chloro 66° 212 C;3H,yCINO»HCl 50.82 50.89 6.56 6.57
12 6 Diethylamino 4-¢-Butyl 53° 158 CyHxN,0:HCl 62.08 62.29 8.89 8.91
13 6 Diethylamino 4-Phenyl ¢ 183 CypHuN,0,-HCl 65.41 65.74 7.22 7.07
@ Recrystallized from ethanol. ? From isopropanol-petroleum ether. A monopicrate of this compound was prepared;
m. p. 183-185°. Anal. Caled. for CousHuNzOy: C, 52.96; H, 5.99. Found: C, 53.31; H, 5.85. ¢ From methanol.

4 From ethanol-acetone. ¢ From isopropanol.

k From dilute methanol.

acetamidophenol and 4-nitrophenol, respectively,
by the Mannich reaction.’

OH - OH
‘ /CH2N(C2Hs)2
+ CH.0 -+ HN(C,H;); —>

NHCOCH, NHCOCH;

209, SN 7767
HC1 :
SN 12,458 H,
<
OH OH
/CHzN (CoHs)s
O + CH:O + HN(CyHs); —>
NOg NO.
SN 7292

SN 8,617 proved to be as active as quinacrine
(SN 390) in screening tests and thus provided the

7 From methanol-ethanol.
For intermediate 2-allyl-4-acetamidophenol see Experimental part. ? From acetone.

7 From 1isopropanol-petroleum ether,

impetus for the work which followed. The struc-
tural relationship of SN 8,617 to both SN 6,771
and SN 7,744, as well as to SN 390, suggested that
a practical antimalarial might be found among its
analogs.

o
NH——CH(CHz);N(CzHﬁ)Z
C
NS N /O Hj

|

o VNS
SN 390

Many analogs of intermediates SN 7,767 and
SN 7,292 were prepared (Tables IT and III). Al-
though several others could not be readily crys-
tallized, we found that deacetylation of the crude
materials yielded the desired intermediates which,
without isolation, could be successfully condensed
with reactive chloroheterocycles. Certain ana-
logs of SN 7,292, e. g., a-monoisobutylamino-4-
nitro-o-cresol (II), were best obtained by conden-
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TasLe II1
a-ALKYLAMINO-4-NITRO-0-CRESOLS®
— Analysés, %
Substituent Proce- Yield, M. p., - Carbon Hydrogen
No. Alkylamino ther dure % °C. Formula Caled Found Caled. Found
1  Diethyl A 40 224 dec. CuHieN,OpHCl 50.67 50.76 6.57 6.47
2  1-Piperidyl A 68° 260 dec. Ci2HieNoO3-HCl! 52.84 52.67 6.28 6.30
3 Diisopropyl B 19¢ 193 dec. CisHoN:0,-HCl  54.07 54.14 6.98 6.91
4  Di-n-butyl B 75° 176 dec.
5 Diisobutyl B 4379 113 CusHaN:0, 64.26 64.20 8.63 8.18
6 Diisoamyl . B 32¢ 132 dec. CuyHxN:0sHClI 59.20 59.42 8.48 8.67
7  Diethyl 6-Pheny! A 210 125 C7HN,0s 9.33 9.29
8 Monoisopropyl B 38" 238 dec. - CieHuN:0;HCl 48.69 48.92 6.13 6.03
9 Monoisobutyl B 29° 247 dec. CuHeN:0;-HC1 50.67 50.81 6.57 6.67
10 Mono-t-butyl B 20" 275 dec. CuHisN:0s-HClI  50.66  50.86 6.57 6.28
11  Diethyl 4-t-Butyl® A 5079 103 C1sH2:N:0; 64.26 64.33 8.63 8.44

a Note that compound 11 is a 6-nitro-o-cresol. °® From methanol. ¢ Off-white color. ¢ From isopropanol-ether.
¢ This hydrochloride was not analyzed; it was converted by a procedure similar to the one applied to compounds in Table
I into compound 3, Table II. / From isopropanol. ¢ Vellow colored. * From ethanol-ether. ¢ From isopropanol—

methanol
TaBLE IV
NITROBENZVLAMINES
Analyses, %
Substituents Vield, M. p., : Carbon Hydrogen Nitrogen
No. Amino Benzyl % °C. Formula Caled. Found Caled. Found Caled. Found
1 Diethyl 3-Nitro 60°*
2 Diethyl 4-Nitro 45* 162 CuH1sN:0,-HCl 11.45 11.12
3 Di-n-propyl 4-Nitro 68° 138 dec. C;3HzoN:»O,-HCI 10.27 10.43
4 Monoiso- 4-Nitro 82?7 232 dec. CiHuN,;0:-HCl 12.15 12.16
propyl
5 Monoiso- 4-Nitro 64° 214 dec. CyHsN0»-HCI 11.44 11.19
butyl
6 Diethyl 5-Nitro-2-methoxy 72/ 178 dec. CpHisN.OyHCl 52.46 52.38 6.97 6.67
7 Monoiso- 5-Nitro-2-methoxy 637 176 dec. CiH;gN-OyHCl 52.46 52.56 6.97 6.90
butyl .
8 Diethyl 5-Nitro-2-ethoxy 567 182 dec. CisHoN:0;HCl 54.07 54.31 7.33 7.36
‘9 Mono-n-amyl 5-Nitro-2-methoxy” CusH3pN,05HClL
e Prepared by the general procedure of this table; b. p. 145-148° (6 mm.); picrate, m.p. 161°, Noelting and Kragczy,

Bull. soc. chim., [4], 19, 336 (1916), prepared the same compound in a pressure bottle; b. p. 206~208° (42 mm.); picrate,
m. p. 161°. ® From acetone-ethanol. ¢ From acetone-ligroin. ¢ From ethanol-isopropanol. ¢ From isopropanol.
/ Intermediate 2-methoxy-5-nitrobenzyl chloride prepared by the method of U. S. Patent 2,278,996. ¢ From ligroin—
isopropanol. * The separation of the hydrochloride of this compound from r-amylamine hydrochloride was very difficult.
Analytical data indicated the presence of this impurity to a considerable extent. However, compound 8, Table XIII,
was readily prepared from the crude product.

catalytic reduction of a-benzamido-4-nitro-o-

sation of a-chloro-4-nitro-o-cresol” with the proper
cresol (III) followed by acid hydrolysis of the de-

mono- and dialkylamines.

rived 4-amino-a-benzamido-o-cresol.

OlH
CH.CI OH OH
Vit CH,; - |
+ H,NCH,CH /CHzNH COCH; N /CHzNHz
CH; -
Va
NO. ‘ '
OH CH;, NO. III NH. IV
/ CHgNH”CHzCE As a part of our studies, certain non-phenolic
CHs  and O-methylated analogs of SN-8,617 and Camo-
quin were synthesized. These compounds listed in
Table XIII were prepared prior to the appearance
NO: of another publication® describing 6-chloro-9-(2-

11

a,4-Diamino-o-cresol® (IV) was prepared by

) “‘Organic Syntheses,”” 20, 59 (1940).
(8) Einhorn, Ann., 848, 249 (1908).

diethylaminomethylanilino) - 2 - methoxyacridine,
which is a position isomer of compounds 10 and 11.
The two necessary types of non-phenolic inter-

(9) Hall and Turner, J, Ckem. Soc., 694 (1945).
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TABLE V
4-CHLOROQUINOLINES
Analyses, %
Yield,2 M. p., Carbon Hydrogen Nitrogen
No. Substituents % °C. Formula Caled. Found Caled. Found Caled.  Found
1 7-Ethoxy 53° 76  CuHpCINO 6.75  6.96
2 7-n-Hexyloxy 41%¢ CisHysCING
2 5-Chloro-8-methoxy 6%° 127 CiH;CLNO
4 6,7,8-Trichloro 39°%° 156 CH,CLN
5 5-Methyl-8-methoxy 45%° 78 CuH,CINO
6 6-Methyl 50° - 55 CHCIN 67.61 68.18 4.54 4.58
7 8-Methyl 71° 99 CyHsCIN 7.88 7.75
8 5,7-Dimethyl 51° 59 CyHy, o CIN - 68.93 68.99 5.26 5.48
9 5,8-Dimethyl 59° 51 CuHyCIN 68.93 69,03 5.26 5.40
10 6,8-Dimethyl 82° 90 CuH,, CIN 7.31 7.44
11 6-Anilino 6/ 148 CisHy CIN, 70.72 70.86 4.35 4.34

e The yield of each 4-chloroquinoline is an over-all value based on the amount of substituted aniline used in the first
step of the synthesis. ¢ From dilute alcohol. ¢ It is regrettable that analytical data are not available on every compound
listed in this table. However, the compounds are tabulated because they are new and necessary intermediates in the
preparation of several antimalarials which were more thoroughly characterized. 9 A high boiling liquid which was di-
rectly converted into compound 6, Table IX, ¢ From ligroin. / From benzene-ligroin.

TaBLE VI
4-(HETEROCYCLIC-AMINO)-a-DIETHYLAMINO-0-CRESOLS (PROCEDURE C) I'\IH—Q—OH
'S NCH:N(C;Hy):
— Analyses, %
Q , VYield, M. p., Carbon Hydrogen Nitrogen
No. SN  Equiv.e Y % °C. Formula Caled. Found Caled. Found Caled. Found
1 12,356 1.5 9-Acridyl 45 265 dec, CauHasN;O-2HC1bed 64.86 64.48 6.13 6.14
2 12,355 3 3-Chloro-9-acridyl 52 267 dec, CauHuCIN;O-2HC1Y64 60.19 60.10 5.47 5.42
3 12,164 0.15 4-Methoxy-9-acridyl 50 245 dec. CuHnN3Op-2HC120d 63.29 62.93 6.16 6.39
4 8,617 6-Chloro-2-methoxy- 50 175 CuHasCIN;0:0/ 68.87 69.14 6.01 6.20
9-acridyl © 117 dec. CasH26CIN3Oz- H20%9 66.17 66.26 6.22 6.28
4 76% 280 dec. CasHuCIN;O22HCISP 59.00 58.90 5.55 5.73
180 dec. CaxHaCIN;O-2HCI-2H:0%  54.20 53.97 5.82 5.86
5 11,088 0.25 3-Chloro-5-methyl-9- 40 275 dec. CasHaeCIN3O-2HC16:¢8 60.92 60.99 5.73 5.91 8.52 8.30
acridyl :
6 9,559 0.12 2-Quinolyl 48 230 dec. CaHuN;O-2HCH* 10.66 10.53
7 11,537 0.7 6-Methoxy-2-quinolyl 20.5 237 dec. CaHasN; Og-2HC L 9.90 9.88
8 9,307 <0.07 5-Nitro-2-quinolyl 33 245 dec. CaHuN(Op2HCIbOK . 12.75 12.82
9 10,751 25 7-Chloro-4-quinolyl 86 208 dec. CaHnCIN;OH/:? 67.50 67.64 6.23 6.29
’ 243 dec. CnHzCIN;O-2HCI-1/5H.0M° 54.86 54.93 5.76 6.08
183 dec. CxHCIN30-2HCI-1H20%9 53.76 54.09 5.87 6.20
90 160 dec. C2H2CIN;O-2HCI-2H20™" 51.68 51.88 6.07 5.92
10 9,591 1.1  2-Amino-4-pyrimidyl 41 258 dec. CisHaN;O-2HC1/ ## 50.01 49.71 6.43 6.62
11 10,177 0.4 2-1'-Piperidyl-4- 31 156 CaHnN;s0/ 19.70 19,70
. pyrimidyl
12 e 2-Amino-6-methyl-4- 55 245 dec. CieHzN5O-2HC1b4 18.71 18.50
pyrimidyl
13 11,189 <0.07 4-Methoxy-2-benzo- 47 163 dec. CuHzN30:S-2HC10:52 9.76 9.70
thiazolyl

o By Dr. Porter’s B-4 test; cf. ref. 2(b). ° From methanol-acetone. ¢ Orange crystals. ¢ Heterocyclic intermediate
obtained through Dr. R. C. Elderfield. / From absolute ethanol, ¢ From 80% ethanol. Caled. volatile loss, 3.98.
Found, 4.13. » From methanol. ¢ From 509, ethanol. 7 From isopropanol. * 2-Chloroquinoline obtained from East-
man Kodak Co. ! From ethanol-acetone. ™ 2-Chloro-6-methoxyquinoline prepared by the method of Magidson,
J. Gen. Chem. (USSR), 7, 1896 (1937), and Bachman and Cooper, J. Org. Chem., 9, 302 (1944). » Pale yellow crystals.
o Yellow crystals, P See reference 11 for intermediate 4,7-dichloroquinoline. ¢ From acetone-water, r From water,
¢ Light tan crystals. *Intermediate 2-amino-4-chloropyrimidine from Dr. H. S. Mosher. * Light gray crystals. ° Off-
white crystals. v Also prepared in 719, yield by Procedure D.

and chloro acetamidophenols were obtained from

mediates related to 4-amino-a-diethylamino-o-
the corresponding nitrophenols by catalytic reduc-

cresol (SN 12,458) were prepared by condensation

of nitrobenzyl chlorides and alkoxy nitrobenzyl
chlorides with aliphatic amines (Table IV). Dur-
ing the course of this work 2-chloromethyl-4-nitro-
phenetole was obtained in 75% yield by the
chloromethylation of 4-nitrophenetole.

In the preparation of a group of acetamido-a-
dialkylamino-o-cresols, several new alkyl, phenyl,

tion in the presence of acetic anhydride (Table I).

Although several of the intermediate 4-chloro-
quinolines were first prepared by rearrangement
of the corresponding quinoline-N-oxides,!® the
ethoxymethylene malonic ester method of Price

(10) Magidson, J. Gen. Chem. (U. S. S. R.), 7, 1896 (1937);
Bachman and Cooper, J. Org. Chem., 9, 302 (1944).
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TasBLe VII
NH— OH
4-(6-CHLORO-2-METHOX Y-9-ACRIDYLAMINO)-@-AMINO-0-CRESOLS CH:NR,
7N\ OCH;
Cl\ \N/
Analyses, L ———
Q Pro- Vield, M. p., Carbon Hydrogen  Nitrogen
No. SN Equiv. R: cedure % °C. Formula Caled. Found Calcd Found Caled. Found
1 8617 4 Diethyl®
2 caes 5 Ethyl (z-butyl) F 36 252 dec. CuHuCIN;Ox2HCIbC 60.39 60.10- 6.01 6.11
3 11,599 2.5 Di-n-butyl A 69 246 dec. CawHauCIN;Ox2HCIS 61.64 61.84 6.42 6.68
4 13,163 0.5 Diallyl F 16 158 CyHzsN2N3Cl%e 70.49 70.11 5.69 5.99
5 e 0.4 Di-n-hexyl ¥ 23 254 dec. CuHaO:N:Cl-2HCI 63.81 63.68 7.14 7.12
6 cees <0.06 Di-n-octyl F 20 285 dec. CuHsC1N;3;Oz-2HCI1%9 6.21 6.30
7 11,536 0.6 1-Piperidyl D .. 287 dec. CaHasCIN;Oz2-2HCIOH . 59.95 59.89 5.42 5.71
8 e 1 Mono-#-hexyl F 7 226 dec. CuHpnO:N;Cl-2HCI-H0/+ 58.43 58.68 6.17 6.25
9 11,233 0.2 Mono-2-hydroxy- C 90 284 dec. CuHnClN:;Os2HCI Hy0%h 53.66 53.14 5.09 5.10
: ethyl
10 11,589 <0.04 Benzoyl D 95 294 dec. CwHnCIN:OpHCI-Y/sH:0%F 63.52 68.54 4.57 4.71

- @ See compound 4, Table VI, for chemical data.
acetone,

¢ Red crystals. 7 From cellosolve-water.

b From methanol-isopropanol.
¢ From isopropanol. / From methanol-acetone.
k Intermediate o-benzamido-4-nitro-o-cresol prepared by method of Ein-

¢ Orange crystals. ¢ From ethanol-

¢ From propylene glycol-acetone. » From methanol.

horn.8
TasLe VIII
6
5| N\—OH
4 V CHgNRz
z-(6-CHLORO-2-METHOX Y-9-ACRIDYLAMINO)-@-AMINO-0-CRESOLS
N —OCH,
ClL AN
— Analyses, %

Q —e—————Substituents—————— Pro- Vield, M. p., Carbon Hydrogen
No. SN Equiv. R z Other cedure % °C. Formula Calcéd. Found Calcd. Found
1 9,614 1 Diethyl 5 (o] 50 287 dec. CasHiCIN3Op-2HCLY/2H:0%® 57,98 57.97 5.64 5.82
2 11,544 0.6 Diethyl 6 4-t-butyl (o} 98 271 dec. CxHuuN3;0:Cl-2HC1%°¢ 61.65 61.87 6.42 6.21

D 53
3 11,553 0.5 Diethyl 6 4-phenyl (o} 84 274 dec. CuHunCIN;O:- 2HCI1%° 63.64 63.74 5.52 5.79
4 11,550 2.0 Diethyl 6 4-diethylamino- F 78 257 dec. CuHnCIN4Oz3HCI H:0%4 55.56 55.87 6.53 6.53
methyl :

5 11,234 3 Diethyl 4 6-Allyl C 65 233 dec. CuHwnO:N;Cl-2HC1/* 61.26 60.89 5.87 6.08
6 13,399 0.3 Diallyl 4 6-Allyl F 12 188 dec. CwHaO:N;Cl-2HCI H:0/»¢ 61.92 62.11 5.72 5.67
7 12,701 2 1-Piperidyl 4 6-Allyl F 44 164 dec. CnHsO:NiCl/¢ 71.37 71.52 6.20 6.30

@ Orange crystals.
methanol-ether.

b From methanol.

¢ Orange-red crystals.

Calcd. volatile loss, 2.78. Found 2.77.

/ From methanol.

¢ From methanol-acetone.

4 From

and Roberts,!! made available to us prior to its
publication, was adopted for the preparation of all
the 4-chloroquinolines originating in this Labo-
ratory. Since the completion of these studies,
many identical data have been reported by others,
especially in the January, March and July, 1946,
numbers of THIS JOURNAL. Table V therefore
lists only a group of 4-chloroquinolines which have
not yet appeared in the literature.

The preparation of various intermediates analo-
gous to both SN 12,458 and I made possible the
synthesis of many new antimalarial compounds

_ related to SN 8,617. Tables VI to XIII present
chemical data, show the development of the SN
8,617 lead, and afford a study of the relationship

(11) Price and Roberts, THIS JOURNAL, 68, 1204 (1946).

between chemical structure and pharmacological
activity. Some of the most effective compounds
appear in Table XTI.1?

4- (7-Chloro-4-quinolylamino)-a-monoethylami-
no-o-cresol, Table XII, compound 3, (VI) could
not be prepared by the usual procedures. It was
finally obtained in very low yield by means of the
Mannich reaction using 7-chloro-4-(4-hydroxyani-
lino)-quinoline (V), paraformaldehyde and mono-
ethylamine. This application of the Mannich re-
action employing heterocyclic and aromatic ami-

(12) Compound 25 (Camoquin) was found to be 25 times as active
as quinine against gallinaceum malaria in chicks, while its monoiso-
butyl analog (compound 8) is 75 times as active—a considerable im-
provement over the simpler a-amino-o-cresols,! as well as over other

4-aminoquinolines heretofore reported [¢f. tables of 4-aminoquino-
lines, ref. (2b), pp. 154-163].
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TaBLE IX
NH— OH

l NCHoN(CoHs)s

4-(SUBSTITUTED-4-QUINOLYLAMINO)-@-DIETHYLAMINO-0-CRESOLS 13
o (\3
g
N N“)
8

Analyses, %—

Q Pro- Yield, M. p., . Carbon Hydrogen Nitrogen
No. SN Equiv. Substituents cedure % °C, Formula Caled. Found Caled. Found Caled. Found
1 12,452 3 None (o} 48 >300 CooH2sN30-2HC1%0¢ 60.91 61.02 6.39 6.75
2 11,563 0.2 6-Hydroxy d 64 262 dec. CaHasN3Oz 2HC1be 58.54 58.14 6.14 6.19
3 10,274 8 6-Methoxy CcC 7 270 dec. CuHxN3Op 2HCIYSS 9.90 9.80
4 11,554 7 7-Methoxy C 43 210 dec. CaH:N3;0:2 2HCI-1/,H:000h 58.20 58.20 6.51 6.43
5 11,281 7 7-Ethoxy C 44 136 dec. Ce2HxN30: 2HCI-2H2000 57.89 58.02 6.85 6.89
6 11,634 0.5 7-n-Hexyloxy- C 35 153 CasHssNsOs* ’ 74.07 74.20 8.37 8.09
7 11,594 0.8 8-Methoxy C 50 241 dec. CaHz0:Nye 2HCl- 11/;H2 0007 55.87 55.87 6.69 6.62
8 13,395 2.5 6,7-Dimethoxy E 68 258 dec. CasHzn N30z 2HC1o44 58.15. 57.93 6.43 6.49
9 12,161 6.4  5-Chloro-8- E 80 231 dec. CaHauCIN;Op 2HCI™? 9.16 8.94
methoxy
10 11,986 <0.07 2-Chloro Cc 30 248 dec. CaHznCIN;O-2HClbem 9.80 9.59
11 11,597 3.0 6-Chloro Cc 60 220 CaH2ON;Cl- 2HC1Y/2H2 062 54.86 54.81 5.76 5.82
12 10,751 25 7-Chloro®
13 11,551 8-Chloro 212 CaH=CIN;0%?4 67.50 67.17 6.23 6.50
0.5 Cc 79 253 dec. CaH2CIN30-2HCI-1/;H, 00" 54.90 55.25 5.76 5.91
14 12,700 3 5,7-Dichloro E 65 200 dec. CH2CLN;O-2HCI%4% 9.07 8.89
15 12,161 5 6,7-Dichloro C 71.5 257 dec. CuwHuCLN;O-2HCI®s? 51.85 51.74 5.00 5.23
16 11,596 0.25 5,8-Dichloro C 60 235 dec. CaH2aON;Cle-2HCI- 1H 006 49.91 49.84 5.23 5.31
17 11,633 <0.3 6,7,8-Trichloro C 40 277 dec. CaHaCLN;O-2HCIP» 48.27 48.30 4.46 4.74
18 11,559 6-Methyl 172 CaHuN30%4¢ 75.20 74.80 7.45 7.41
4 C 56  238dec. CuHnN:O-2IICIY 81.76 61.61 6.87 6 80
19 12,699 9 7-Methyl E 93 245 dec. CaHasN3O-2HCIHH2 10.29 10.14
20 11,601 0.7 8-Methyl (o] 66 253 dec. CaHN3O-2HCI-H0%€ 59.15 58.85 6.85 6.64
21 11,561 10 5,7-Dimethyl C 67 242 dec. CaHzN;O-2HCIP? 62.55 62.53 6.92 6.55
22 11,560 0.6 5,8-Dimethyl C 80 249 dec. CpHzN;0-2HC1®® 62.55 62.80 6.92 6.14
23 11,990 6 6,7-Dimethyl CcC 49 215dec. CoHyONg##ee 75.61 75.90 7.78 7.87
24 11,558 0.6 6,8-Dimethyl Cc 54 264 dec. Ca2HzONyp2HCI 1H:0%¢ 59.86 59.73 7.08 7.27
25 9,223 1.2 6,-Methoxy-2- C 45 278 dec. CaHnN;0:.2HCIH0 59.47 59.30 6.88 6.81 9.25 9.18
methyl :
26 11,632 0.6 8-Methoxy-5- C 90 210 dec. CrHznO:Nz2HCI0# 60.27 60.02 6.67 6.18
- methyl
27 11,985 0.3 5-Chloro-3- C 48 258 dec. CaHzCIN;O-2HCleacad 56.96 56.94 5.92 6.21
methyl
28 10,492 6 7-Chloro-3- Cc 64 260 CaH2CIN;O- 2HCl1be:00 : 9.49 9.59
methyl
29 11,631 0.4 3-Phenyl (o} 31 155 C26Hz1ON;#400 78.56 78.31 6.85 6.68
30 11,592 0.25 6-Methoxy-2- C 61 198 dec. CxHnN3Op ZHCI 13/,H:0b06:6/ 7.90 7.96
phenyl
31 11,232 0.3 7-Chloro-2- Cc 41 260 dec. CasHzsCIN;O 2HC1%06:09 61.85 61.74 5.59 5.67
phenyl
32 12,228 1 7-Chloro-3- C 165 CsHasCINsOberac 72.31 72.94 6.07 6.38
phenyl
33 12,361 0.2  6-Anilino C - 63 196 dec. CasHasONy- 2HCL-H,0%04 62.02 61.80 6.40 6.26
34 11,984 2.5 6-Dimethyl- c 73 235 dec. CuHxsONi 3HCIL-1/:HaObeah 54.72 54.73 6.68 6.64
. amino
3B ... 0.8 6-Nitro C 63, 210dec. CxnHnN:Oy2HCI13/:H:0% 12.01 12.31

¢ Intermediate 4-chloroquinoline was identical with that prepared by Riegel, ef al., THIS JOURNAL, 68, 1264 (1946).
b YVellow crystals. ¢ From ethanol. ¢ See Experimental part. ¢ From methanol-acetone. / Same reference as foot-
note (m), Table VI, for preparation of 4-chloro-8-methoxyquinoline. ¢ From water—alcohol. * 7-Methoxy-4-chloro-
quinoline melts at 83-85°; Lauer, ef al., THIS JOURNAL, 68, 1268 (1946), found 82-83°. ¢ From methanol-ethanol.
i 8-Methoxy-4-chloroquinoline melts at 83 °; Lauer, ef al., 7bid., found 79-80°. * Light greenish tancolor. ! Intermediate
4-chloro-6,7-dimethoxyquinoline, independently prepared, was found to be identical with that of Riegel, et al., 7bid.
m From ethanol-ethyl acetate. * The structure of this compound has not been definitely established. However, a
formula has been assigned based on the fact that 4-chloroquinoline was found to condense much more readily than 2-
chloroquinoline with aromatic amines. Intermediate, 4,7-dichloroquinoline prepared by the method of Brooker and
Smith, THIS JOURNAL, 64, 1357 (1942). ° For chemical data, see compound 9, Table VI. ? Intermediate dichloro-
quinoline was independently prepared by the same procedure of Tarbell, THIS JOURNAL, 68, 1278 (1946). ¢ From
chloroform—ether. * From acetone. ¢ From ethanol-acetone. ¢ Greenish yellow crystals. * Intermediate 4,5,7-tri-
chloroquinoline prepared by the general method of Price!’; m. p. 108°. Amnal. Caled. for CH,CLN: C, 46.50; H,
1.78. Found: C, 46.90; H, 1.80. Surrey and Hammer, THIS JOURNAL, 68, 1244 (1946), employed a different proce-
dure. ¢ Surrey and Hammer, 4bid., also prepared the intermediate trichloroquinoline by a different procedure. * From
acetone. * Intermediate 4-chloro-6-methylquinoline, b. p. 139-140 (10 mm.). Anal. Caled. for C,(HsCIN: C, 67.61;
H, 4.564. Found: C, 67.23; H, 4.55. Breslow, et al., THIS JOURNAL, 68, 1236 (1946), reported b. p. 140-142 (9 mm.).
v Pale tan crystals. * From methanol. ¢ Independent preparation of intermediate 4-chloro-6,7-dimethylquinoline
gave identical results of Price and Roberts.!! ¢ From methanol-ether; analysis corresponds to the presence of a half
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mole of methanol: Caled. volatile loss, 3.53. Found: 3.30. ¢¢Intermediate 4-chloroquinoline obtained through Dr.
R. C. Elderfield. ¢4 Bright orange crystals. ¢¢ From ligroin. ¢/ From water; calcd. volatile loss 5.93. Found: 5.71.
a0 From 209, ethanol. ¢* Intermediate 4-chloro-6-dimethylaminoquinoline hydrochloride obtained as a bright orange
powder; m. p. 249°d. Amal. Caled. for CuHnCIN2-HCl: C, 54.37; H, 4.97. Found: C, 54.12; H, 4.75. Riegel,
et al., ibid., p. 1265, reported m. p. 225-230°. ¢ Intermediate 6-nitro-4-chloroquinoline prepared in low yield by the
general method of Price and Roberts,!! but see a better method for this compound by Baker, et al., THIS JOURNAL, 68,
1267 (1946). Orange-red crystals. Caled. volatile loss, 6.01. Found: 5.79. From methanol-ether.

TABLE X

\CH,NR,
4-(SUBSTITUTED-4-QUINOLYLAMINO)-q-DIALKYLAMINO-0-CRESOLS o Ng
7
N\ N/
. — Analyses, %
Q . Pro- Yield, M. p., Carbon Hydrogen

No. SN Equiv. R2 Substituents cedure % °C. Formula Caled. Found Calcd. Found
1 10,274 8 Diethyl 6-Methoxy®
2 ... 9 Di-n-butyl 6-Methoxy [} 10 193 dec. CasHssO0:N3-2HCI-1.25H0%¢ 59,69 59.90 7.51 7.64
3 12,038 8 1-Piperidyl 6-Methoxy C 80 270 dec. CuHsN3O22HCI-0.5H:0¢ 59.32 59.15 6.33 6.25
4 11,989 1 4-Morpholinyl 6-Methoxy C 57 265 dec. CauHzN30s-2HCISS 57.54 57.48 5.75 5.84
5 13,395 2.5 Diethyl 6,7-Dimethoxy?
6 13,413 4 1-Piperidyl 6,7-Dimethoxy E 40 230 dec. CaHzN;O;-2HCIVP
7 10,492 6 Diethyl 7-Chloro-3-

methylf .
8 ... 10 Di-z-butyl 7-Chloro-3- C 43 177 dec. CasH3ON3;Cl-2HCI-1.56H.0%7 57.08 57.33 7.09 6.77

methyl
9 12,360 2 1-Piperidyl 7-Chloro-3- C 47 270 dec. CxnHuCIN;O-2HCIVF 58.09 58.20 5.76 5.67

methyl
10 12,362 0.15 4-Morpholinyl 7-Chloro-3- C 33 242 dec. CaHnCIN;O:-2HCI 55.21 54.92 5.30 5.60

methyl
11 11,559 4 Diethyl 6-Methyl*
12 12,456 2.5 1-Piperidyl 6-Methyl E 41 240 deec. Cz2H2zN3;O-2HCI™
13 12,457 0.8 4-Morpholinyl 6-Methyl Cc 50 239 Ca1H23N3O0:™

o See compound 3, Table IX, for chemical data. ? From methanol-acetone. ¢ Pale greenish-yellow crystals. ¢ Light
green crystals from ethanol-ethyl acetate. See reference 12 for intermediate 4-acetamido-a-piperidyl-o-cresol. ¢ Yel-
lowish tan crystals. 7 From methanol-ethyl acetate. ¢ See compound 8, Table IX, for chemical data. * Off-white
crystals. Amnal. for N: Caled. 9.01. Found 9.03. ¢ See compound 28, Table IX, for chemical data. 7 Yellow crystals.
® Dark orange crystals. ! See compound 18, Table IX, for chemical data. ™ Off-white crystals from ethanol. Anal.
for N: Caled. 10.00. Found: 10.22. » From ethanol. Amal. Calcd.: N, 12.02. Found: N, 12.14,

TaBLE XI
OH
CH,;NR,
o N
NH——
. El
z- (SUBSTITUTED-4-QUINOLYLAMINO)-@-DIALKYLAMINO-0-CRESOLS
o NN
7 N7
Cresol Quinoline — Analyses, %
Q sub- sub- Pro- Yield, M. p., Carbon Hydrogen
No. SN Equiv. Ra stituents z  stituents cedure % °C. Formula Caled. Found Caled. Found
1 13,730 9 Diethyl None 5 7-Chloro C .. 173 CaH2:CIN30%? 67.49 67.80 6.23 6.22
2 ... 5 Diethyl 4-Dijethyl- 6 7-Chloro F .. 145 CosHCIN4O- 11/5H0%¢4  64.16  64.06 7.75 7.59
aminomethyl )
3 12,885 0.5 Diethyl 4-Chloro 6 6-Methoxy C 50 205 dec. CaHzCIN;O:-2HCI¢ 54.97 54.55 5.71 5.88
4 13,729 12 Diethyl 6-Chloro 4 7-Chloro F .. 225dec. CauHuClLN;0%/ 61.54 61.50 5.42 5.38
5 9 Diethyl 6-Phenyl 4 7-Chloro D 25 235 dec. CaH2sCIN;O-1/2H0¢ 70.81 70.50 6.17 5.95
6 12,039 7 Diethyl 6-Allyl 4 6-Methoxy C 33 161 CosHznO0:N3h i 73.63 73.11 7.47 7.33
7 11,991 10 Diethyl 6-Allyl 4 7-Chloro c 44 148 Co3 H2sON;C1%* 69.77 69.51 6.62 6.82
8 12,697 4 1-Piperidyl 6-Allyl 4 7-Chloro F 32 190 CasH2sON;3C1%7 70.65 70.93 6.42 6.59
9 13,394 0.7 Diallyl 6-Allyl 4 '7-Chloro F 25 131 CesHaON;Cl1ek 71.49 71.77 6.24 6.23

¢ Yellow crystals. ® From methanol-benzene. ¢ Light tan crystals. ¢ From acetone-ligroin. ¢ From ethanol.
/ From dioxane. ¢ Sample inadequate for test. »* Pale greenish-yellow crystals from dilute methanol. ¢ From ligroin.
i From dilute ethanol. * From isopropanol-ligroin.
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TaBLE XII

4-(7-CHLOROQ-4-QUINOLYLAMINO)-a-AMINO-0-CRESOLS \CHZNRZ
—~———————Analyses, %
Q Pro- Yield, M. p., Carbon Hydrogen Nitrogen
No. SN Equiv. Ra cedure % °C. Formula Caled. Found Caled. Found Caled. Found
1 1,603 6 None E 80 325 dec. CisHuCIN;O 2HCL-0.5H0%8¢  50.35 50.42 4.88 4.49
2 11,557 0.15 Benzoyl D 80 289 dec. CnHuiCIN:O; HCl1%bd 62.60 62.82 4.34 4.41
a-Monoalkyl
3 40 Ethyl f 280 dec. CuisHisCIN;O 2HC1*¢ 53.95 53.93 5.03 5.42
4 30 n-Propyl F 24 244 dec. CpHnCIN3;O 2HCL.0.5H0%¢ 53.85 54.10 5.47 5.52
5 ... 40 Isopropyl D 50 287 dec. CuHnCIN;O’2HCI%A 55.02 54.84 5.35 5.36
6 .... 30 n-Butyl F 6 254 dec. CaHznON;Cl-2HCI%A 56.02 55.68 5.64 5.58
7 50 2-Butyl Cc 3 252 dec. CanHznONsCl-2HCI-H,0%¢ 53.76 53.75 5.86 5.57
8 75 Isobutyl Cc 33 256 dec. CaH2ON;Cl-2HCI%* 56.02 56.03 5.64 5.76
D 65 .
9 .... 40 $-Butyl D 36 285 dec. CaH2CIN;O-2HCISH 56.02 56.17 5.63 5.80
10 ... 50 n-Amyl Cc 15 266 dec. CaHauON;Cl-2HCI%! 56.95 56.90 5.92 5.50
1 ..., 40 2-Amyl C 22 231 dec. CuHnCIN;O-2HCI® . 56.96 57.11 5.92 5.99
12 ..., 50 Isoamyl F 20 279 dec. CaHuON;Cl-2CHI®? . 56.95 57.41 5.92 6.31
13 ... 25 n-Hexyl F 56 280 dec. CaHzsCIN;O-2HCI%F 57.84 57.81 6.18 6.18
14 ..., 50 2-Ethylbutyl F 15 263 dec. CaHaCIN;O-2HCI 57.84 57.73 6.18 6.04°
15 ... 15 n-Heptyl F 29 278 dec. CuHnCIN:;O-2HC1%¢ 8.92 8.64
8 L. 2.5 n-Octyl F 15 150 = CuHnON:CP 69.96 70.05 7.34 7.61
17 ... 20 Allyl F 3 257 dec. CHiON;Cl.2HCI? 55.28 55.12 4.88 5.G5
18 ... 1-Methallyl F .. 95 CaH»CIN;O0-2HCI-1.76H:0%™ 52.41 52.68 5.63 6.03
19 ... 30 Cyclohexyl F 30 252 dec. CuHauCIN;O-2HCIL-0.25H:0%¢ 57.52 57.52 5.82 5.98
20 ... 3 2-Hydroxyethyl C 15 182 dec. CusHiCIN:Os:2HCI- H:0%™ 49.72 50.18 5.10 5.50
21 oo 25 2-Methoxyethyl F 271 dec. CuHaxCIN:Oz-2HCI1%P 9.76 9.79
22 .... 16 Benzyl F .. 270 dec. CanHnCIN;O-2HCIS 9.09 9.11
23 ... 25 1-Methyl-2- F 31 243 CasH2CIN;O-2HCI-0.25H:0%%  60.61 60.66 5.65 5.67
phenylethyl ’
a-Disubstituted
24 ..., 6 Dimethyl C 85 290 dec. CisHisCIN;Oz-2HC1%4:° 53.95 53.83 5.03 5.18
25 10,751 25 Diethyl?
26 ... 30 Ethyl-(#-butyl) F 65 240 dec. CanaClN:O~2HCl“"' 57.84 57.70 6.18 5.81
27 13,835 25 Di-n-propyl F o1 181 Ca2eHasON;Cl1%¢ 68.82 69.20 6.83 6.76
28 14,105 35 Di-n-butyl Cc 20 164 C2aHOH:C1%" 69.96 69.81 7.34 7.50
29 ... ..  Diisobutyl D 38 166 C24HaCIN;O-0.5H0° - 68.47 68.86 7.42 7.88
30 ... ..  Diisoamyl D .. 135 CaHuCIN;0-0.5H:0¢ 69.52 69.95 7.85 8.17
31 0.5  Di-n-hexyl F 40 220 CusHsON;Cl-2HC1% . 62.16 62.00 7.45 7.78
32 1 Di-n-heptyl F 52 203 CuHeON;Cl-2HCI%4 63.32 63.26 7.79 8.04
33 0.2 Di-n-octyl F 46 192 Cy2H1sON;Cl- 2HC19h 64.36 64.29 8.10 7.85
34 ... 3 Dj-2-ethylhexyl F 1 154 CyHON;Cl-2HCl H20%h 62.48 62.10 8.19 8.05
35 11,636 25 1-Piperidyl C  77.5 302dec. CauH:;CIN3O-2HCI-2.5H0%™%
36 12,357 20 2-Methyl-1- C 66 288 dec. CnHzuCIN;O-2HCI%4 58.09 58.22 5.76 5.81
piperidyl ;
37 11,987 4 4-Morpholinyl C 60 292 dec. CHzCIN;Oz- 2HCI1%Y 54.25 54.44 5.01 5.33
E 65
38 12,363 3 Methyl-(2-hy- C 63 250 dec. CuwHzCIN;Os- 2HC1%® 52.97 52.96 5.15 5.38
droxyethyl) ’
39 14,824 12 n-Butyl-(2-hy- F 22 149 CaaH260:N3C17 66.07 65.94 6.55 6.94
droxyethyl)
40 ... 0.6 Di-2-hydroxy- F 25 193 CaxH22CIN; O 62.00 61.90 5.73 6.09
ethyl
41 ... 2.5 Dibenzyl Cc 74 235 dec. CaHaCIN;O-2HC1%2 65.16 64.92 5.10 5.40
42 ... 0.07 Methyl-(phenyl) F 39 140 CzsH2CIN;O- Ha 0% 10.77 10.72
43 . ... < 0.05 Ethyl-(phenyl) F 54 131 dec. CauH2CIN;O0%* 10.40 10.19

it
®

i

2 Yellow crystals. ® From met 1. ¢ Intermediate «,4-diamino-o-cresol prepared by the method of Einhorn,?
4 See ref. (8) for intermediate. ¢ From ethanol. f See Experimental part. ¢ From ethanol-isopropanol. * From
methanol-acetone. ¢ From ethanol-acetone. 7 From dilute hydrochloric acid. * From methanol-ethanol. ! From
alcohol-ether. ™ Fromisopropanol. Caled. for volatileloss, 6.87. Found, 7.00. » From methanol-ethylacetate. ° For
intermediate 4-acetamido-a-dimethylamino-o-cresol, see ref. (15). ? See compound 9, Table VI. ¢ From ethyl acetate
r From ethyl acetate—petroleum ether. * From dilute methanol. ¢ From dilute ethanol. ¥ Caled. volatile loss, 9.27.
Found: 8.95. Calcd. ionic chlorine, 14.60. Found, 14.58. ® From methanol-ethyl acetate. ¥ Pale yellowish green
crystals from dilute isopropanol. # Ivory crystals.

)
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TasLe XIII

57 \CH;NHR,

z-(HETEROCYCLIC-AMINO)-BENZYLAMINES (PROCEDURE D) NH——

Yoy

Analyses, %

Q —————Substituents Yield, M. p., Carbon Hydrogen
No. SN Equiv. Ra 2 z % °C. Formula Caled. Found Caled. Foungd
Y = 7-Chloro-4-quinolyl
1 11,590 1 Diethyl 3 8 128dec. CaH2CINy2HCI-2H.0%b 53.52 53.26 6.29 6.36
2 12,455 4 Diethyl 4 .. 261dec. CaHzCINs2HCIH 58.19 58.39 5.86 6.02
3 e 4 Di-n-propyl 4 60 255dec. CrHzCINy2HCI®S 59.94 59.90 6.40 6.31
4 10 Monoisopropyl 4 23 303dec. CuHnCIN;2HCIde 54.75 55.05 5.80 5.53
5 .. Monoisobutyl 4 76 288dec. CxH2CINs2HCI H.0%¢ 55.76 55.79 6.08 6.40
6 25 Diethyl Methoxy 5 64 203 CaH24CIN;0% 68.19 68.03 6.54 6.64
7 17 Monoisobutyl Methoxy 5 76 194 dec. . CaHuCIN;O-2HCI-1/:H,0%/ 55.15 55.27 5.84 6.11
8 15 Mono-n-amyl Methoxy 5 42 288 dec. CaeHzCIN;O-2HC1%¢ 57.84 57.92 6.18 6.44
9 8 Diethyl Ethoxy 5 73 247 Ca2H26CIN;0-2HCI- 2H:0%4 53.61 53.43 6.55 6.54
Y = 6-Chloro-2-methoxy-9-acridyl
10 10,984 0.5 Diethyl 3 55 278 CasH36CIN3O- 2HC1-3/4H20%9 59.29 59.25 5.87 5.98
11 10,028 0.4 Diethyl 4 92 260dec. CaHzCIN;O-2HCI-1/5H0%0 59.82 60.06 5.82 6.28
12 3 Diethyl Methoxy & 67 212 dec. CaHuCIN3O:2 2HCI-1/:H0%¢ 58.72 58.75 5.88 6.01
e From isopropanol. ? Calcd. volatile loss, 8.03. Found: 8.85. ¢ From methanol. ¢ Yellow crystals. ¢ From

methanol-isopropanol. / From ethanol-isopropanol.

nophenols is being continued with the prospect of
obtaining better yields.

NH—@—OH

/\I N + CH;0 + H,NC,H; —>
A
v
NH— —OH
Vi I\\ CH,N—C,Hj
H
1 /\ N/ -+ H.0

VI

4 - (6 -Hydroxy - 4 - quinolylamino) - « - diethyl-
amino-o-cresol (Table IX, compound 2) was pre-
pared from the corresponding 6-methoxy analog
(compound 3) by demethylation with hydrobro-
mic acid.

Acknowledgments,—The authors are greatly
indebted to Drs. R. J. Porter of the University
of Michigan, A. L. Tatum of the University of
Wisconsin and E. K. Marshall of the Johns Hop-
kins University for their pharmacological study
of the compounds presented in this publication.!?
For the sake of simplicity, only the quinine equiv-
alents of Dr. Porter have been reproduced. Dr.
Robert C. Elderfield, who represented the O.S.-
R.D., kindly supplied several 4-chloroquinolines,
9-chloroacridines and dialkylamines of high mo-
lecular weight. We are grateful to Dr. C. K.
Banks, Messrs. H. J. Nicholas, D. F. Walker,

(18) The facilities for testing the compounds described were pro-
vided by the Office of Scientific Research and Development through

the Committee on Medical Research and by Dr. A. L. Tatum of the
Department of Pharmacology in the University of Wisconsin.

9 Orange crystals.

b Red crystals.

L. M. Montibeller, M. H. Darwish, M. L. Black
and H. A. DeWald, of this Laboratory, who con-
tributed several of the compounds reported, and
to Dr. L. A. Sweet, Director of Chemical Research,
for his keen interest during the course of the stud-
ies. Mr. A. W. Spang and Miss Patricia Keller
supplied the microanalytical data.

Experimental

Acetamidophenols (Table I).—One-tenth of a mole

each of the nitrophenol and acetic anhydride were dis-
solved in 60 cc. of acetic acid. After the addition of
0.2 g. of platinum oxide catalyst, the mixture was shaken
in the customary manner under a pressure of about three
atmospheres of hydrogen gas until three molecular equiv-
alents had been absorbed. The catalyst was removed by
filtration and the acetic acid removed by distillation
under reduced pressure. Usually the crude acetamido-
phenol separated as a white or light gray crystalline solid
pure enough for further syntheses.
. 2-Allyl-4-acetamidophenol.*—A solution of 96 g. (1.1
moles) of the allyl ether of 4-acetamidophenol in 70 g.
of diethylaniline was heated at boiling temperature for
forty minutes. The solution was cooled and diluted
with chloroform prior to thorough extraction with 109,
sodium hydroxide solution. Enough ether was added
to form a distinct upper layer. The combined alkaline
extracts were washed twice with ether, and then treated
with a slight excess of acetic acid. Extraction of the
product with ether, drying and evaporation of the extracts
left an oil which was crystallized from a benzene and pe-
troleum ether mixture; m. p. 91-93°. Recrystallization
from the same mixture with charcoal treatment yielded
80 g. (839%) of pure product; m. p. 93-94°.

Acetamido-o lamino-o-cresols!® (Table II).—A
mixture of equivalent amounts of the acetamidophenol,
formaldehyde and aliphatic amine, suspended in about
250 cc. of alcohol per mole of the phenol, was heated in
a steam-bath for one to three hours. Upon cooling a
crystalline mass usually formed readily, and the product
was washed with acetone, alcohol or dilute alcohol.
After drying, the product was ordinarily white and of

. high enough purity to be used in further syntheses.

In certain cases when a crystalline product could not

(14) Claisen, Ann., 418, 97 (1919).
(156) German Patent 92,309; Frdl., 4, 103 (1897).
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be readily obtained by the foregoing procedure, the volatile
materials were removed under reduced pressure and the
residue taken into ether and treated with excess alcoholic
hydrogen chloride. The monohydrochloride of the desired
acetamido-a-alkylamino-o-cresol prec1p1tated as an oil,
but after treatment with acetone or ether, it crystalllzed
as a white solid.

-Ammo—a-dlethylammo-a-cresol Dihydrochloride (SN
12,458) .—A mixture of 500 g. (2.12 mole) of 4-acetamido-
a-dlethylammo-o-cresol and one liter of 209, hydrochloric
acid was heated at refluxing temperature for an hour.
The solution was evaporated under reduced pressure to
a thick sirup. A liter of benzene was stirred well into the
sirup, and the evaporatlon repeated. Once again the
process was repeated using a liter of denatured absolute
alcohol. Finally, the sirup was dissolved in two liters of
alcohol. The desired salt was then precipitated by the
addition of a liter and a half of ether. A total of 541
g. (969 yield) of off-white product was obtained; m. p.
218-220° (dec.).

For analysis a sample was recrystallized from a mixture
of alcohol and ethyl acetate; the melting point of the
white product did not change.

Amnal.. Caled. for C;yH13sN2O-2HCI: C, 49.44; H, 7.54.
Found: C, 49.70; H, 7.60.

4-Amino-a-1-piperidyl-o-cresol Dihydrochloride.—In
the same manner, this analog was obtained in a yield of
919, from 4-acetamido-a-1-piperidyl-o-cresol’®; m. p.
153-155° (dec.). Recrystallized from alcohol for analy-
sis, there was no change in the melting point.

Anal. Caled. for C1oH;sN.0-2HCI-H,O: C, 48.49; H,
7.46; N, 9.43. Found: C, 48.63; H, 7.43; N, 9.10.

4-Amino-o-4-morpholinyl-o-cresol ~ Dihydrochloride.—

Similarly this compound was obtained in a yield of 45%, -

from 4-acetamido-a-4-morpholinyl-o-cresol; m. p. 259-
260° (dec.).

Amnal. Caled. for C11H13N202'2HC1!
N, 9.93.

a-Alkylamino-4-nitro-o-cresols (Table III).—The two
synthetic methods used in obtaining these compounds
are described in the following procedures.

Procedure A.—One-tenth of a molecular equivalent
each of the nitrophenol, paraformaldehyde and aliphatic
amine were dissolved in 25, cc. of alcohol. The solution
was heated in a steam-bath for at least two hours or until
the alcohol had evaporated. The residue was treated
with an excess of dilute hydrochloric acid to precipitate
an insoluble white hydrochloride.

The yellow crystalline free base could be obtamed by
trituration of the hydrochlorlde with ammonia.

Procedure B.—A mixture of one-tenth of a mole of a-
chloro-4-nitro-o-cresol’” and two-tenths of a mole of
aliphatic amine in 150 cc. of absolute ethanol was heated
. at refluxing temperature for three hours. The volatile
materials were removed by distillation under reduced
pressure, and the residue was washed with water for the
removal of recovered aliphatic amine hydrochloride.
The washed residue was dissolved in acetone and the
solution dried over potassium carbonate. An equal vol-
ume of ether was added, and an excess of alcoholic hy-
drogen chloride precipitated the desired product as a
white crystalline hydrochloride.

2-Ethoxy-5-nitrobenzyl Chloride.—A mixture of 33.4
g. (0.2 mole) of 4-nitrophenetole, 19.8 cc. (0.26 mole)
of 879, formalin, and 16.5 g. of zinc chloride was stirred
well at 95 to 100° while a rapid stream of hydrogen chloride
gas was allowed to pass through it. After five hours, the
mixture was allowed to cool overnight. The temperature
was raised to 90°, and 35 cc. of water was added. The
mixture was cooled, whue stirring in an ice-bath, to pre-
cipitate the product in small lumps. The solid was col-
lected on a filter and washed with water. A yield of 32.4
g. (75%) of white material was obtained; m. p. 72-75°.
A sample was recrystallized from methanol for analysis,
with no change in melting point.

Anal. Caled. for CoHyoCINO;:
Found: C, 50.54; H, 4.84.

N, 9.97. Found:

C, 50.13; H, 4.67.
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Nitrobenzylamines (Table IV).—The synthetic method
is essentially the same as that of Procedure B, Table III.
However, benzene was found more desirable here than alco-
hol as a solvent since the nitrobenzyl chlorides and the 2-
alkoxy-5-nitrobenzyl chlorides, in contrast with a-chloro-
4-nitro-o-cresol, dissolved quite readily in it. Further-
more, the excess alkylamine hydrochlorides were removed
almost quantitatively by their insolubility in benzene,
giving an indication of the expected yield of crude product.

In practice, the reaction mixture was cooled and the
separated alkylamine salt collected. The filtrate was
evaporated under reduced pressure, and the residue was
dissolved in ether. After thorough washing of the ether
solution with water and finally with saturated salt solu-
tion, drying was effected over potassium carbonate.
The desired product could be obtained as the hydrochloride
by the addition of alcoholic hydrogen chloride to the
filtered solution.

4-Chloroquinolines (Table V).—The method of Price
and Roberts!! was employed. Ethoxymethylene malonic
ester was condensed with the appropriate aromatic
amine by heating them in diphenyl oxide. Ring closure
to the 3-carbethoxy-4-hydroxyquinoline was effected in
the same medium. The corresponding acid was obtained
by alkaline hydrolysis and decarboxylated by heating in
diphenyl oxide. The final step was accomplished by
treatment of the 4-hydroxyquinoline with phosphorus
oxychloride.

Heterocyclic-amino-a-amino-o-cresols (Tables VI to
XIII, inclusive).—The preparative methods for these
compounds, together with the heterocyclic-amino-benzyl-
amines, are described in the follovwng procedures

Maannndasaan Tz on ~11___1
L£10LCUUIT .10l Ca.\,u Auulc Ux a.\,l:t.a.uuuu-a-a,xnyx-

amino-o-cresol (Table II), 500 cc. of 209, hydrochloric
acid was added, and the mixture was heated at refluxing
temperature for an hour. The solution was cooled and
treated with concd. sodium hydroxide solution until just
acid to congo red. An equivalent amount of chloro-
heterocyclic was added, and the resulting mixture was
then heated in a steam-bath for about two hours. In
many cases, a crystalline hydrochloride formed after
cooling, and the product was purified by recrystallization.
At other times, the reaction mixture was made basic with
ammonia or alkali solution and the free base either crystal-
lized or it was extracted with chloroform. In the latter
case, the extract was washed with water and dried over
potassium carbonate. The filtered solution was then
treated with excess alcoholic hydrogen chloride and diluted
with ether or acetone for the precipitation of the desired
salt. The product was then recrystallized from the sol-
vent indicated in the table.

Procedure D.—The «-alkylamino-4-nitro-o-cresol, base
or hydrochloride, (Table III) or the nitrobenzylamine
(Table IV) was suspended in absolute alcohol and re-
duced catalytically using platinum oxide catalyst. The
solution was treated with a slight excess of alcoholic
hydrogen chloride and filtered to remove the catalyst.
An equivalent amount of chloroheterocyclic was added
to the filtrate, and the directions in Procedure C were
followed thereafter.

Procedure E.—In a manner similar to Procedure D, the
crystalline 4-amino-a-substituted-amino-o-cresol dihydro-
chloride was simply heated with the desired chlorohetero-
cycle in water or alcohol.

Procedure F.—This method is the same as Procedure
C, except that the intermediate acetamido-a-alkylamino-
o-cresol was not isolated as a pure compound. After
the Mannich reaction had been carried out, the volatile
materials were removed under reduced pressure. The
crude residue was treated thenceforth as the crystalline
intermediate in Procedure C. Vields are based on the
amount of acetamidophenol used. A by-product of
this reaction is the usually relatively insoluble 4-hydroxy-
anilinoheterocycle; when 4,7-dichloroquinoline is em-
ployed, the by-product has been shown to be 7-chloro-4-
(4-hydroxyanilino) -quinoline.

7-Chloro-4-(4-hydroxyanilino) -quinoline Monohydro—
chloride.—To a solution of 72.8 g. (0.5 mole) of 4-amino-
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phenol hydrochloride in 500 cc. of water, 99 g. (0.5 mole)
of 4,7-dichloroquinoline!® was added. The mixture was
heated in a steam-bath for two hours. After standing for
two days, the yellow product was collected on a filter,
washed with water and dried at 110°; yield 145 g. (94%) ;
m. p. over 320°. A small sample was recrystallized from
methanol for analysis.!”

Amnal. Caled. for CwHuCINzO'HCI:

3.94. Found: C, 59.17; H, 4.11.
6-Chloro-9-(4-hydroxyanilino) -2-methoxyacridine.—

This compound was obtained as the orange monohydro-
chloride by the foregoing procedure in 98%, yield; m. p.
over 300°. Trituration of a small sample with excess
ammonia gave the free base. Recrystallized from dioxane,
it melted at 266° (dec.).

Anal. Caled. for CgH;y5CIN;O,-H,O: C, 65.13; H,
4.65. Found: C, 65.54; H, 4.62.

4-(7-Chloro-4-quinolylamino) -o-monoethylamino-o-

cresol Dihydrochloride (Table XII, Compound 3).—A
mixture of 30.7 g. (0.1 mole) of 7-chloro-4-(4-hydroxy-
anilino) -quinoline monohydrochloride, 6.3 g. (0.2 mole)
of 959, paraformaldehyde, 27.2 cc. (0.2 mole) of alcoholic
ethylamine, and 125 cc. of alcohol was heated at refluxing
temperature for sixteen hours. Upon cooling, 9 g. of
starting material was recovered uncharniged. The filtrate
was evaporated to dryness and the residue triturated with
acetone to yield a solid which was collected on a filter.
Treatment of this solid with 100 cc. of warm water left
a total of 23.2 g. of unchanged starting material. The
aqueous filtrate was made basic with ammonia, and the
precipitated free base was extracted with chloroform.
After being washed with water, the extract was dried
over potassium carbonate. The filtered solution was
evaporated to dryness, and the residue taken up in
acetone. The addition of excess alcoholic hydrogen
chloride precipitated a crude yellow salt. Recrystal-

C, 58.64; H,

(16) Obtained through Dr. R. C. Elderfield from the University of
Illinois.
(17) Microanalysis by Arlington Laboratories.
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lized first from alcohol and then from alcohol-methanol,
only 1.5 g. (49 yield) of the desired product was ob-
tained; m. p. 280° (dec.).

- 4-(6-Hydroxy-4-quinolylamino) -a-diethylamino-o-
cresol Dihydrochloride (Table IX, Compound 2).—A
mixture of 10 g. of 4-(6-methoxy-4-quinolylamino)-a-
diethylamino-o-cresol dihydrochloride (Table IX, com-
pound 3) and 100 cc. of 489, hydrobromic acid was heated
at boiling temperature for two hours. The mixture was
made basic with ammonia, precipitating a yellow solid
base. This was collected on a filter, washed with water,
converted to the dihydrochloride by treatment with
alcoholic hydrogen chloride.

Summary

A group of 122 heterocyclic-amino a-amino-o-
cresols and a related group of 12 heterocyclic-
amino benzylamines have been synthesized with
the object of finding the most effective anti-
malarial compounds in the general class. All
these compounds are new. For the purpose of
studying the relationship of chemical structure to
antimalarial effectiveness, they have been classi-
fied in seven tables. Preparation of the inter-
mediate acetamidophenols, acetamido-a-alkyl-
amino-o-cresols, a-alkylamino-4-nitro-o-cresols,
nitrobenzylamines, and 4-chloroquinolines is also
described.

This general class includes the most active 4-
aminoquinolines heretofore reported in trophozo-
ite-induced P. gallinacewm infection in the chick.
Recent clinical reports on one member of the series
(Camoquin) are promising.

DETROIT 32, MICHIGAN RECEIVED OCTOBER 14, 1947

[CONTRIBUTION FROM THE LILLY RESEARCH LABORATORIES]

A New Synthesis of Cinnoline Derivatives: Heterocyclic Steroid Analogs

By Epmunp C. KORNFELD

In connection with another synthetic problem
in progress in these laboratories m-hydroxy-
phenylacetic acid (I) was coupled in alkaline solu-
tion with diazotized p-nitroaniline (II) to form

the azo dye (III) in the normal fashion. It was
N:Gi
OH]~
+ [OH]
HO” Y \CH,COOH
NO,
I 11
. /N02
N
HO—- \
CH,COOH
IIT -

planned to carry out reactions on the carboxyl
group of this product, and in order to effect these
changes it was necessary to protect the free hy-
droxyl function. The azo compound was, there-
fore, subjected to the action of acetic anhydride
in the presence of a trace of sulfuric acid as cata-
lyst, and from the resulting reaction mixture was
isolated in good yield a non-acidic, yellow, crys-
talline product. The analyses indicated that one
acetyl group had been introduced, but they
showed also that one molecule of water had been
eliminated under the acetylating conditions.
From the properties and reactions of the product
it was evident that cyclization to a cinnoline de-
rivative (V) had taken place. The steps in the
process involved first a cyclization of the azo com-
pound in its tautomeric form (II1a) to 2-p-nitro-
phenyl - 3,6 - diketo - 2,3,4,6 - tetrahydrocinnoline
(IV) and then acetylation of the enol form of IV
to yield 2-p-nitrophenyl-3-acetoxy-6-keto-2,6-di-
hydrocinnoline (V).
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TaBLE I
2-ARYL-3-ACETOXY-6-KET0-2,6-DIHYDROCINNOLINES
% Composition
VYield, Sol- Carbon Hydrogen
CAryl = % M. p., °C. ventb Formula Caled. Found Caled. Found
-phenyi 72 216-218 A C1sH12N20; 68.56 68.30 4.32 4.40
-4-bromophenyl 71 226-228 B Ci6H 1 BrN,O;¢ 53.50 53.41 3.09 2.98
-4-nitrophenyl 70 239-241 A CysHyu N;05? 59.08 59.08 3.41 4.19
-4-carboxyphenyl 90 > 290 C CirH12N305 62.96 63.22 3.73 4.24
-4-acetaminophenyl 81 260~-265 (dec.) D C1sH1N304 64.09 64.00 4.48 4.79
-8-pyridyl 67 213-215 E C1sH11N:O;5 64.05 64.20 3.94 4.01
-2-naphthyl 58 188-189 F CyoH14N:0;5 72.72 72.55 4.27 4.51
-4-acetoxyphenyl 70 220223 (dec.) (o] C1sH14N:05 63.90 63.56 4.17 3.89
-4-acetylphenyl 83 220-222 C CisH1aN:O4 67.07 67.03 4.38 4.38
-3-acetylphenyl 84 237-239 (dec.) C CisH14N2Oy 67.07 66.22 4.38 4.36
-4-acetoxyacetylphenyl 68 237-238 (dec.) C CsoH;16N20s 63.15 62.40 4.24 4,26
e Based on azo compound. ¥ Solvent used in recrystallization, A = dioxane—ether, B = dioxane, C = acetic acid,
D = dilute acetic acid, E = pyridine—ethanol, F = dilute dioxane. ¢ Caled.: N, 7.80. Found: N, 7.76. ¢ Calcd.:

N, 12.92. Found: N, 12.36.
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Tautomerism of the type III & IIla is well known
and has been thoroughly studied by previous in-
vestigators.!

Further investigation proved the above reaction
to be quite a general one. A number of diazotized
aromatic amines were coupled with m-hydroxy-
phenylacetic acid, and the resulting azo com-
pounds were cyclized with great facility to cinno-
line derivatives similar to V. Table I lists the
properties of these products. In most cases the
azo compounds were used for the cyclization re-
action without purification.

Evidence supporting the above proposed formu-
lations was obtained from several of the reactions
of the cinnoline derivatives, Hydrolysis of the
monoacetyl compound (VI) (R = 3-acetylphenyl)
with concentrated hydrochloric acid produced the
2 - m - acetylphenyl - 3,6 - diketo - 2,3,4,6 - tetra-
hydrocinnoline (VII). Reacetylation of VII re-
generated the starting material (VI). Reduction

(1) Fierz-David, et al., Helv. Chim. Acta, 29, 1718, 1765 (1946).

of VI (R = 3-acetylphenyl, 2-naphthyl, or 4-
acetoxyphenyl) with zinc dust and acetic acid

4NN R HC1 éNT\I /R
I ACzO /
o/ 7/ NococH, <—— o7 No

VI VII
Zn
In
2FeCl, HOAc
HOAcl I 3 AczO
H COCH;,
N R
% }\I / V4 NT\I /R
| | |
10 Y N/ NococH, HO/ N/ NococH,
VIII IX

gave the corresponding colorless, phenolic, di-
hydro derivatives (VIII), which could be oxi-
dized by means of ferric chloride at room tempera-
ture to the original quinonoid compound (VI).
When the reduction was conducted in the pres-
ence of acetic anhydride, two hydrogen atoms and
one acetyl group were introduced. The structure
of the product is probably IX (R = 2-naphthyl in
this case) since amines are more readily acetylated
than phenols under these conditions.? '

The ultraviolet absorption spectra of the first
three cinnoline derivatives in Table I were deter-
mined in ethanol, and that of 2-phenyl-3-acetoxy-
6-keto-2,6-dihydrocinnoline is shown in Fig. 1.
This compound shows maxima at 235, 330 and
413 mp, while the 4-bromophenyl derivative has
peaks at 235,338 and 415 my. The corresponding
maxima for the 4-nitrophenyl-3-acetoxy-6-keto-
2,6-dihydrocinnoline lie at 239, 311 and 415 mg.
For clarity and because of the close similarity of
these spectra only one is shown in Fig. 1.

The gross structural resemblance of these 2-
phenyl-cinnoline derivatives to the basic ring sys-
tem of the steroid hormones prompted the prepa-

(2) Fieser, “Experiments in Organic Chemistry,” 2nd ed., D. C.
Heath and Co., New York, N. Y., 1941, p. 398,
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ration of several new heterocyclic steroid analogs

by the method outlined above. 2-p-Acetoxy-

phenyl-3-acetoxy-6-keto-2,6-dihydrocinnoline (X)
R

R

4NE\T /

. |
07 ' 7/ \0COCH,

X R = H, R’ = OCOCH;
XI R = H, R’ = COCH;,
XII R = COCH;,R'=H

XIII R = H, R’ = COCH,0COCH,

resembles the testosterone esters, while 2-p-
acetylphenyl - 3 - acetoxy - 2,6 - dihydrocinnoline
(XI), and its isomer (XII) are related to progester-
one, Finally, 2-p-acetoxyacetylphenyl-3-ace-
toxy-6-keto-2,6-dihydrocinnoline (XIII) was pre-
pared as an analog of desoxycorticosterone ace-
tate. In the partially reduced series 2-p-acetoxy-
phenyl-3-acetoxy-6-keto-2,6-dihydrocinnoline (X)
on reduction with zinc and acetic acid gives the
corresponding phenolic derivative (XIV) which is
a model for the estrogenic hormones.

_,0cocH,
H
/N}f /
mo” V' \/NococH,
XIV

The aromatic amine intermediates requisite for
the preparation of these analogs were available by
published procedures.

_Pharmacology.—The various steroid analogs
were tested for hormone activity by Drs. K. K.
Chen, R. C. Anderson and E. D. Campbell of
these laboratories. Compounds'X, XIV, and XII
showed one mouse unit of estrogenic activity at
levels of 1800, 500 and 100+, respectively. Ana-
logs X and XII, however, had no testosterone or
progesterone activity. Compound XIII, the ana-
log of desoxycorticosterone, was found to be in-
effective in maintaining adrenalectomized rats.

Acknowledgment.—The author is indebted to
Dr. R. G. Jones for helpful suggestions through-
out the course of this work.

Experimental?

m-Hydroxyphenylacetic Acid.—m-Methoxyphenylace-
tothiomorpholide was prepared by the method of Schwenk
and Bloch? from m-methoxyacetophenone, morpholine
and sulfur. The thioamide (600 g.) was dissolved in a
mixture of 1.5 1. of glacial acetic acid and 2.5 1. of concen-
trated hydrochloric acid, and the solution was refluxed
for seventeen hours. The solvents were removed in
vacuo, and water was added to the residue. The crude
m-methoxyphenylacetic acid was filtered and washed with
water and then dissolved in dilute sodium hydroxide.
The solution was filtered, and the product was reprecipi-

(3) All melting points are corrected.
(4) Schwenk and Bloch, THIS JOURNAL, 64, 3051 (1942).

HETEROCYCLIC STEROID ANALOGS

1375

4.8 ! T T T T T Y

log .

2.3 1 1 1 ] I ) 1

240 320 400 480
N in mu.

Fig. 1.—Ultraviolet absorption spectrum of 2-phenyl-3-
acetoxy-6-keto-2,6-dihydrocinnoline.

tated with hydrochloric acid. It was filtered, washed with
water, and dried; yield, 60%. The methoxy compound
(1.4 moles) was then dissolved in 750 ml. of hydriodic
acid (sp. gr., 1.7), and the solution was refluxed for one
and one-half hours while continuously separating the
methyl iodide which was formed.  The solvent was
removed by distillation % vacuo, and the m-hydroxyphen-
ylacetic acid was filtered and washed with a small portion
of cold water. The crude, dry product weighed 153 g.
(72%), and was easily purified by recrystallization from
ethyl acetate-petroleum ether, m. p. 133—-134°.

Coupling of Diazotized Aromatic Amines with m-
Hydroxyphenylacetic Acid.—The amines used in this
study were commercial products except for p-acetoxy-
aniline® and p-acetoxyacetylaniline.® The procedure
employed in the preparation of the azo compounds was
as follows: The amine was dissolved or suspended in ice
and water containing 2.2 equivalents of hydrochloric acid,
and the solution was diazotized with a slight excess of
sodium nitrite below 0°. The diazo solution was then
poured with stirring into a prepared solution of one
equivalent of m-hydroxyphenylacetic acid and 4.2 equiv-
alents of sodium hydroxide in ice water. Excess ice
kept the temperature below 0° throughout. The bright
orange solution was then filtered and acidified with acetic
acid or hydrochloric acid. The azo compound was
filtered, washed with water and dried. The yields aver-
aged 849%,. Analytic data for several of these coupling
products are given in Table II. The other azo compounds

TaBLE 11

2-ARYLAZO-5-HYDROXYPHENYLACETIC ACIDS
Percentage N

Aryl = Solvent Formula Caled. Found
-CeHs @ CuxH12N203 10.93 10.50
-4-CoeH4Br Dil. acetone  CuHuBrN:0;  50.17% 50.10
-4-CeH4N Oz Dil. ethanol CuHuN;O0s 13.95 14.29
-4-CeH4COOH  Dil. acetone CisH12N20s 9.33 9.21

e Purified by reprecipitation from ammonium hydroxide
solution with acetic acid. 29, C; 9 H: caled. 3.31,
found 3.06.

(5) Ruggli and Courtin, Helv. Chim. Acta, 15, 75 (1932).
(6) Robinson and Robinson, J. Chem. Soc., 1939 (1932).
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were not purified but were used directly for the cycliza-
tion reaction.

Cyclization of Azo Compounds to Cinnoline Derivatives.
—Tor the cyclization reaction the azo compounds were dis-
solved in about 10 parts of acetic anhydride containing 0.02
part of concentrated sulfuric acid, and the solutions were
refluxed for thirty to sixty minutes. (The sulfuric acid
was omitted in the case of the pyridine derivative derived
from 3-aminopyridine.) The solutions were then concen-
trated 4# vacuo to a small volume, and ether was added.
The products were filtered and washed thoroughly with
ether. The other pertinent details are given in Table I.

Hydrolysis of 2-m-Acetylphenyl-3-acetoxy-6-keto-2,6-
dihydrocinnoline (VI).—This acetyl compound (0.5 g.)
was dissolved in 50 ml. of concentrated hydrochloric acid,
and the solution was refluxed for fifteen minutes. The
yellow product began to separate from the reaction mix-
ture toward the end of the reflux period. The solvent

was then distilled ¢» vacuo, and water was added to the -

residue. The product was filtered and washed with water
and dried. The yield was practically quantitative.
Pure 2-m-acetylphenyl-3,6-diketo-2,3,4,6-tetrahydrocin-
noline (VII) was obtained by precipitation from pyridine
solution with ether, m. p. 2900-300°, dec.

Anal. Caled. for CmHuNan! C, 6856;
Found: C, 68.53; H, 4.45.

Acetylation of 2-m-Acetylphenyl-3,6-diketo-2,3,4,6-tet-
rahydrocinnoline (VII).—The diketo compound (VII),
when treated with acetic anhydride in the manner de-
scribed above for the azo compounds, gave a 70%, yield of
VI.

Reduction of 2-8-Naphthyl-3-acetoxy-6-keto-2,6-di-
hydrocinnoline.—The quinonoid compound (1.8 g.)
was dissolved in 100 ml. of boiling glacial acetic acid, and
3.6 g. of zinc dust was added gradually. After a few
minutes the mixture was filtered through sintered glass
and the filtrate was concentrated ## wvacue to a small
volume. Addition of water precipitated the product,
which was obtained in the theoretical yield. The 2-8-naph-
thyl-3-acetoxy-6-hydroxy-1,2-dihydrocinnoline was puri-
fied by recrystallization from dilute methanol, and was
obtained as colorless plates, m. p. 131-133°.

Anal. Caled. for CyHysN2O;: C, 72.27; H, 4.85.
Found: C, 72.60; H, 4.98.

Two other dihydro derivatives were similarly prepared:
2-m-acetylphenyl-3-acetoxy-6-hydroxy-1,2-dihydrocinno-
line, m. p. 164-166°, 70%.

H, 4.32.
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Anal. Caled. for CisHigN.Os: C, 66.65; H, 4.97.
Found: C, 66.15; H, 4.86. 2-p-Acetoxyphenyl-3-ace-
toxy-6-hydroxy-1,2-dihydrocinnoline (XIV), m. p. 164-
165°, 83%. Amal. Caled. for CisHisN:Os: C, 63.52;
H, 4.74. Found: C, 63.32; H, 4.87.

Reductive Acetylation of 2-g-Naphthyl-3-acetoxy-6-
keto-2,6-dihydrocinnoline.—This compound (2.0 g.) was
dissolved in a mixture of 40 ml. of acetic anhydride and
20 ml. of glacial acetic acid, and 3 g. of zinc dust was
added. The mixture was then refluxed for one-half hour,
after which it was filtered and the filtrate concentrated
in vacuo to a straw-colored oil. The oil was taken up in
ether, washed with water, and the ether solution was
dried over calcium chloride (acetone was added to prevent
precipitation of the product at this point). Concen-
tration of the ether solution iz wacuo gave the product;
yield, 32%,. The 1-acetyl-2-g-naphthyl-3-acetoxy-6-hy-
droxy-1,2-dihydrocinnoline (IX) was recrystallized several
times from benzene-petroleum ether for analysis, m. p.
141-143°.

Anal. Caled. for CyppH;3N:04: C, 70.58; H, 4.85; N,
7.48. Found: C,70.57; H, 5.01; N, 7.66,7.37.

Oxidation of 2-m-Acetylphenyl-3-acetoxy-6-hydroxy-
1,2-dihydrocinnoline.—This colorless dihydro derivative
(2.3 g.) was dissolved in 50 ml. of acetic acid at room
temperature, and to it was added a solution of 4.0 g. of
ferric chloride crystals in 5 ml. of water and 1.0 ml. of
concentrated hydrochloric acid. Upon dilution of the
solution with two volumes of water the yellow 2-m-acetyl-
phenyl-3-acetoxy-6-keto-2-6-dihydrocinnoline separated.
It was ﬁltel;qed and washed with water; yield, 84%; m. p.
236-238°, dec.

Summary

1. Azo dyesformed by coupling diazotized aro-
matic amines with m-hydroxyphenylacetic acid
have been found to cyclize to 2-aryl-substituted
cinnolines under acetylating conditions.

2. This new synthesis of cinnoline derivatives
has been used to prepare heterocyclic analogs of
the steroid hormones.

3. Several of the compounds show a slight
estrogenic activity.

INDIANAPOLIS, INDIANA RECEIVED OCTOBER 20, 1947
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The Synthesis of Palmitic Acid and Tripalmitin Labeled with Carbon Fourteen

By WiLrLiaM G. DAUBEN

Isotopic high molecular weight fatty acids, such
as palmitic and stearic, have been prepared con-
taining deuterium and radioactive bromine. In
order to study the fate of the carbon chain itself,
palmitic acid containing radioactive carbon was
prepared.

The synthesis of palmitic acid labeled in the
carboxyl group with C'* was readily accomplished,
in a yield of 729, by the carbonation of #-penta-
decylmagnesium bromide with radioactive carbon
dioxide.! Carboxyl-labeled tripalmitin was pre-
pared from this acid in a yield of 75%, by employ-
ing the acid chloride method of Stephenson.?

(1) Dauben, Reid and YVankwich, Anal. Chem., 19, 828 (1947).
(2) Stephenson, Biochem. J., 7, 429 (1913).

The tripalmitin has a specific activity of 760
cts./min./mg. ester.

The preparation of n-hexadecanoic acid (pal-
mitic acid) labeled at carbon atom six with C!4 was
carried out as shown in the scheme.

C*Oz CH2N2
ClonlMgBr —— CmHmC*OOH —_—
I II
CuCr204 HBr
CmHmC*OOCHs 3> CyoH2C*H,OH ———
111 v

1. Mg.
CmHZIC*HzBl‘

2. CdClL,
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1. CH;00C(CH,);COC1
2. KOH

(CioHy C*Hy)oCd

VI
NaOH

CmI‘ImC *H2CO (CI’I;)):;COOH S
NH.NH,

VII
CioHly C*H,(CH)sCOOH  Vields: C*0p —>
: VIII
111, 83%; III —> V, 79%,; V —> VIII, 549,

It was found necessary to use three times the nor-
mal amount of copper chromite catalyst in the
hydrogenolysis of ester III to obtain high yields
consistently.® This was probably due to the fact
that the methanol produced in the reaction is a
strong enough acid to destroy the activity of the
catalyst. The over-all yield of palmitic acid, based
on barium carbonate, was 309, and the palmitic
acid has a specific activity of 40,000 cts./min./mg.
acid.

After this work had been completed, Houston*
reported the synthesis 4-keto-n-hexadecanoic acid
by the same general procedure employing #-do-
decy! bromide and $-carbomethoxypropionyl chlo-
ride. However, the yield of the keto-acid iso-
lated, based on the bromide, was only 7.49,. In
view of the great discrepancy in this yield and the
yield obtained in the above synthesis, the reaction
was investigated. It was found when the pro-
cedure outlined in this paper for the preparation of
the 5-keto-acid was followed, the 4-keto-acid was
obtained in 699, yield. The failure of Houston
to obtain a high yield may have been due to the
fact that insufficient time was allowed for the con-
version of the Grignard reagent to the dialkyl-
cadmium compound.

Acknowledgment.—The author wishes to ex-
press his appreciation to the Bio-Organic Group
of the Radiation Laboratory for their kind as-
sistance.

Experimental®

I-Pentadecanol. (a) From Paraformaldehyde.l—n-
Tetradecylmagnesium bromide was prepared in an all-glass
apparatus under nitrogen from 1.54 g. (0.0623 mole) of
magnesium turnings and 15.5 g. (0.057 mole) of redistilled
n-tetradecyl bromide in 60 cc. of anhydrous di-n-butyl
ether. The bromide solution was added to the magnesium
during one hour, and the temperature was kept at 35° or
below. The temperature was raised to 105° and 2.84 g.
(0.094 mole) of paraformaldehyde (dried in a vacuum des-
iccator) was added in small portions over a period of
thirty minutes. After the addition was complete, the
clear solution was heated for an additional period of
forty-five minutes at 105° during which time the solution
became cloudy. The heating was then continued for one
hour at 110°, the reaction mixture was cooled, decomposed
in the usual manner with dilute sulfuric acid, and the
ether was removed by steam distillation. The cooled

(3) Adkins and Folkers, THis JoURNAL, 53, 1095 (1931).

(4) Houston, ibid., 69, 517 (1947).

(5) All melting points are corrected. Microcombustions by Mr.
C. W. Koch and Mrs. W. B. Dandliker.

(6) Marvel, Blomquist and Vaughn, Tmxs Jourmat, 50, 2810
(1928),
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residue from the distillation was extracted with ether, the
solvent was removed and the product was distilled. A
small amount of 1-pentadecanol (2.2 g., 17.2%,, b. p. 118°
(0.8 mm.)) was obtained. The pot residue was heated for
six hours on a steam-bath with 15 cc. of absolute ethanol
and 3 cc. of concentrated hydrochloric acid but only #-
octacosane was isolated. ‘

When the Grignard reagent was prepared at a tempera-
ture above 35°, the yield was only slightly less, 15.7%,.

(b) From the Ester.—Ethyl n-pentadecanoate (14.6
g., 0.054 mole) was hydrogenated over copper chromite
catalyst (2.5 g.). The initial pressure was 3000 p. s. i.
at room temperature and hydrogenolysis took place readily
at 250° and was complete in five to six hours. The 1-
?ggifge)canol distils at 112-114° (0.2 mm.), yield 10.5 g.

<X /0).

n-Pentadecyl Bromide.—The bromide was prepared
in the usual manner? employing anhydrous hydrogen bro-
mide and 1-pentadecanol (27.3 g., 0.12 mole) except that
the reaction mixture was diluted with 50 cc. of n-hexane
before processing. n-Pentadecyl bromide boils at 127-
128° (0.5 mm.), yield 28.4 g. (82.7%).

Carboxyl-Labeled Hexadecanoic Acid.—#z-Pentadecyl-
magnesium bromide was prepared in an all-glass apparatus
in a nitrogen atmosphere from 1.6 g. (0.066 mole) of mag-
nesium turnings and 15.9 g. (0.0547 mole) of n-penta-
decyl bromide in 110 cc. of anhydrous ether. An aliquot
of the solution was titrated and the concentration was
found to be 0.00044 mole of Grignard reagent per cc. of
solution.

A volume of 110 cc. (0,0484 mole) of Grignard solution
was carbonated with radioactive carbon dioxide generated
from 9.1 g. (0.046 mole) of radioactive barium carbonate
with a specific activity of 1060 cts./min./mg.8 following
the procedure described in detail in previous publications.
The acid was isolated in the usual manner and converted
directly to the methyl ester. The ester distils at 132—-133°
(0.3 mm.), yield 10.0 g. (80.4%), n?p 1.4386.

The ester (10.0 g., 0.037 mole) was saponified with a
solution of 2.3 g. of potassium hydroxide, 35 cc. of meth-
anol, and 2 cc. of water by heating on a steam-bath over-
night. The crude acid was recrystallized from 40 cc. of
ten per cent. aqueous acetone. The pure acid melts at
60-61°, yield 8.55 g. (90.19,). The over-all yield based
on barium carbonate was 72.49, specific activity X 16:
1050 cts./min./mg. barium carbonate,? activity of com-
pound: 810 cts./min./mg. acid.

Carboxyl-labeled Tripalmitin.—Palmityl chloride was
prepared as described by earlier workers!® from 8.3 g.
(0.0324 mole) of the carboxyl-labeled palmitic acid pre-
pared above and 10 cc. of purified thionyl chloride.

Tripalmitin was prepared by slow addition, with stir-
ring, of a chloroform solution of palmityl chloride to a
cooled mixture of 0.975 g. (0.0106 mole) of redistilled gly-
cerol, 8 cc. of dry pyridine, and 25 cc. of dry chloroform.?
The light-yellow solution was allowed to stand three days
at room temperature during which time it gradually dark-
ened. The mixture was processed in the usual manuer,
and the residual light-tan solid was recrystallized twice
from acetone (Norit) to give white tripalmitin, m. p. 61—
62°, sinters 59°,. yield 6.15 g. (75.5%). The over-all
yield from barium carbonate was 54.79,, specific activity

(7) ‘““Org. Syntheses,”” Coll. Vol. II, John Wiley and Sons, Inc.,
New VYork, N. V., 1944, p. 246.

(8) All measurements of radioactivity were carried out with a thin
mica-window Geiger—Miiller tube on a scale of 64 circuit with a
geometry of 17.6 == 2.5 disintegrations per count. The activity
was determined with thin uniform layers of barium carbonate ac-
cording to the procedure described in earlier publications. The over-
all counting error was =29,

(9) This value was obtained by the oxidation of a microsample
with Van Slyke’s oxidizing solution and precipitation of the carbon
dioxide as barium carbonate, which was counted. To correct for
the dilution of activity in the compound, the observed specific
activity was multiplied by sixteen.

(10) (a) Hann and Jamieson, THis Joumwar, B0, 1442 (1928);
(b) Rose, ibid., 69, 1284 (1947),
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X 17: 1040 cts./min./mg. barium carbonate, activity of
compounds: 760 cts./min./mg. tripalmitin.

Carboxyl-labeled Methyl z-Hendecanoate (III).—n-
Decylmagnesium bromide was prepared as described for
the other Grignard reagents from 1.8 g. (0.074 mole) of
magnesium turnings and 15 g. (0.068 mole) of zn-decyl
bromide dissolved in 80 cc. of anhydrous etler. An ali-
quot of the solution was titrated and the concentration was
found to be 0.00075 mole of Grignard reagent per cc.

A volume of 15.7 cc. (0.0117 mole) of Grignard solution
was carbonated with radioactive carbon dioxide gener-
ated from 1.860 g. (0.00942 mole) of radioactive barium
carbonate with a specific activity of 54,400 cts./min./mg.
following the procedure described previously.! The acid
was isolated in the usual manner and was then methylated
with an ethereal solution of diazomethane. The ester was
distilled in a small sublimation-type still, block tempera-
ture 54-58°, pressure 0.3 mm., yield 1.560 g. (82.9%),
7D 1.4275, specific activity X 12: 53,500 cts./min./mg.

barium carbonate, activity of compound: 52,800 cts./
min./mg. ester. .
Anal. Caled. for CppHy0.: C, 71.95; H, 12.07.

Found: C, 71.97; H, 11.95.

n-Hendecyl Bromide Labeled at Carbon Atom One -

(V) .—Carboxyl-labeled methyl #-hendecanoate (1.538
g., 0.00767 mole) was hydrogenated over copper chromite
catalyst (1.0 g.) at an initial pressure of hydrogen of 3000
p. s. i. at room temperature. The hydrogenolysis took
place at 250° and was complete in six hours. The crude
alcohol was converted directly to the bromide by passage
of anhydrous hydrogen bromide through the alcohol at
steam-bath temperatire.” The n-hendecyl bromide was
distilled in a small sublimation-type still, block tempera-
ture 70-75°, pressure 0.5 mm., yield 1.432 g. (79.3%),
n®Dp 1.4548, specific activity X 11: 53,100 cts./min./mg.
barium carbonate; activity of compound: 44,800 cts./
min./mg. bromide.

Anal. Calcd. for CyHasBr: C, 56.17; H,9.86. Found:
C, 56.61; H, 10.28.

n-Hendecanoic Acid Labeled at Carbon Atom Six
(VIII).—Methyl 5-keto-n-hexadecanoate was prepared
following the procedure outlined by Cason and Prout ex-
cept for one modification.!! The Grignard reagent was
prepared from 0.15 g. (0.0062 mole) of magnesium turn-
ings and 1.412 g. (0.006 mole) of n-hendecyl bromide
labeled at carbon atom one in 50 cc. of anhydrous ether.
The resulting Grignard reagent was converted to the di-
alkylcadmium compound with 0.71 g. (0.00389 mole) of
anhydrous cadmium chloride. After the addition of the
cadmium chloride, the mixture was heated under reflux
until a negative Gilman test for a Grignard reagent was
obtained. This required about two hours. The ether was

(1‘1) Cason, THIS JOURNAL, 2078 (1946), and earlier papers.
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replaced with benzene, and the resulting suspension was
treated with 1.00 g. (0.0061 mole) of y-carbomethoxy-
butyryl chloride,’? The reaction mixture, after heating
under reflux for one hour, had set to a solid mass and then
was decomposed as usual. The crude reaction mixture was
directly saponified with a solution of 0.4 g. of potassium
hydroxide in 10 cc. of methanol. After dilution to 50 cc.
with water, the mixture was extracted with ether to remove
the neutral compounds. n-Docosane (100 mg.) marked
at carbon atoms eleven and twelve was isolated. The
alkaline layer was acidified and then extracted with ether.

The crude keto acid was reduced by the modified Wolff-
Kishner method!® using 6.4 cc. of diethylene glycol, 0.8
g. of sodium hydroxide, and 0.77 cc. of one-hundred per
cent. hydrazine hydrate. The crude acid was distilled
onto a cold-finger type condenser at a bath temperature of
110° and pressure of 1 mm. The distillate was recrystal-
lized from 15 cc. of ten per cent. aqueous acetone (Norit),
m. p. 61-62°, yield 700 mg. (45.7%), specific activity X
16: 52,700 cts./min./mg. barium carbonate, activity of
compound: 40,500 cts./min./mg. acid.

Anal. Caled. for CieHgpOp: C, 74.94;
Found: C, 74.55; H, 12.47. :

In a practice experiment with non-radioactive #-
hendecyl bromide (6.71 g., 0.00286 mole) and ~-carbo-
methoxybutyryl chloride (3.76 g., 0.0228 mole), the keto
acid was isolated, and recrystallized from methanol, m. p.
84.5-85°, yield, 4.87 g. (649, based on bromide, 79%, based
on acid chloride). This acid, when subjected to the Wolff—-
Kfi58151$r reaction, was reduced to palmitic acid in a yield
O 0.

H, 12.58.

Summary

1. Palmitic acid and tripalmitin, labeled in the
carboxyl carbon with carbon fourteen, have been
prepared. ,

2. Palmitic acid, labeled at carbon atom six
with carbon fourteen, has been synthesized.

3. A re-examination of the work of Houston on
the synthesis of 4-ketohexadeecanoic acid by the
cadmium procedure, has shown that it is critical
to allow sufficient time for the conversion of a
Grignard reagent to a dialkylcadmium compound.

RECEIVED AUGUST 4, 1947

(12) The acid chloride was prepared from half ester that had been
fractionally distilled through a column (b. p. 156° (10 mm.)) and
purified thionyl chloride. The chloride boils at 84° (7 mm.); see
Harris, Wolf, et al., THIS JoURNAL, 67, 2096 (1945), and *Org.
Syntheses,’”’ 25, 19 (1945).

(13) Huang-Minlon, ibid., 68, 2487 (1946).

BERKELEY 4, CALIFORNIA
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[ConTrRIBUTION FROM THE NOYES CHEMICAL LABORATORY, UNIVERSITY OF ILLINOIS]

The Preparation of Cyclopentenones from Lactones

By ROBERT L. FRANK, ROSE ARMSTRONG, JACK KWIATEK AND HAROLD A. PRICE

The reaction of lactones with phosphorus pent-
oxide to form cyclopentenones, by which synthe-
ses of dihydrojasmone (VII)! and dihydrocinerone
(VI)2 have been recently accomplished, has now
been further investigated to determine its scope
and usefulness as an alternative method to those
developed by Hunsdiecker? and by Johnson and
Petersen.*

R’ : CHs—CR’
| P05 | 0
RCHgC (CHz) 2CO —— CHz CR
A4
I
(o]

LR=R'=H IV,R = R’ = CH,
II,R = H,R' = CH;, V,R = #-CHy, R’ = CH;
III, R = n-CgHyy, R’ =H VI, R = %-CHg, R’ = CH;
VII, R = n-Cr,Hu, R' = CH;
VIII, R = #n-CeHy, R’ = H

The lactones were prepared in yields of 15-649,
by the addition of the appropriate Grignard re-
agents to esters of levulinic acid, using the low-
temperature technique of Cason, Adams, Bennett
and Register.’ Both ethyl and cyclohexyl levu-
linates were used, the choice depending on the ease
of separation by fractional distillation of the lac-
tones from the starting materials.

The reaction of the simplest lactones (I and IT)
with phosphorus pentoxide was found to yield
only black tarry products rather than the desired
cyclopentenones, probably because of insufficient
steric hindrance around the e,B8-unsaturation of
the products to prevent polymerization in the
strongly acidic reaction mixture.

Better results are obtained with increased sub-
stitution, the respective yields being 30, 32, 302
and 509! of the cyclopentenones represented by
Structures IV, V, VI and VII. In these instances,
in which R’ = methyl, the transformation gives
only 2-cyclopentenones. 2,3-Disubstituted 4-cy-
clopentenones (IX) were not found; nor were 8-
substituted products (X), which might have been
expected by ring closure involving the y-methyl

group. If formed these latter compoundsiwould
have been readily detected through their ultra-
ﬁH—-—CHR’ CHy—CCH:R
CH ('3HR CH,; H
A4 , N
I I
O (e}
IX X
(1) Frank, Arvan, Richter and Vanneman, THis J OURI\‘IAL, 66, 4

(1944).
(2) LaForge and Barthel, J. Org. Chem., 10, 222 (1945),
(3) Hunsdiecker, Ber., 76B, 447 (1942).
(4) Johnson and Petersen, THIS JOURNAL, 67, 1366 (1945).
(8) Cason, Adams, Bennett and Register, #bid., 66, 1764 (1944),

violet absorption spectra, as described below.
Thus, a methylene group adjacent to the vy-posi-
tion of the lactone appears to react in preference to
a similarly-attached methyl group in the forma-
tion of the five-membered ring.
v,0-Dimethyl-vy-caprolactone (XI), however, a
gamma lactone havirig a methyl and a methinyl
group attached to the gamma carbon atom, gives
on treatment with phosphorus pentoxide a com-
plex mixture containing at least two «,S-unsatu-
rated ketones. A 6% yield of 2,2,3-trimethyl-4-
cyclopentenone (XII), characterized by ozonoly-

CH; CH;

P,0;
CH;CH—CCH,CH,CO ——>
O
X1
™
CH.
CllH———(IL‘HCHa n CH, C—CH;,
éH C(CHs,): (I)H, CH
C/ ~c— -
I I
] ]
XI11 X111

sis to trimethylsuccinic acid and reduction to
2,2,3-trimethylcyclopentanone, was isolated by
fractional distillation.

The other ketone (6%) has not been positively
identified, but its C-methyl determination (1.5)%7
and ultraviolet absorption maximum of 231 mpu8
indicate its structure to be 3,4-dimethyl-2-cyclo-
hexenone (XIII), the reaction product which
would result by ring closure involving the §-methyl
group of the lactone (XI).

One additional lactone, <-undecanolactone
(IIX), gave results similar to those of Plattner and
St. Pfau® in their study of the action of sulfuric
acid on w-undecylenic acid. The main product
was 2-n-hexyl-2-cyclopentenone (VIII), but the
yield was low (179%) and high purity of product
difficult to attain due to the occurrence of smaller
amounts of an isomer, 2-n-hexyl-4-cyclopente-
none,

It is significant that when the lactone contains
both a methyl and a methylene group, a single
product is formed, while a complex mixture results
if the methyl group is absent.

The ultraviolet absorption spectra of substi-
tuted cyclopentenones have been studied by Gil-

(6) Kuhn and L’Orsa, Z. angew. Chem., 44, 847 (1931).

(7) Barthel and LaForge, Ind. Eng. Chem., Anal. Ed., 16, 434
(1944); Pregl-Grant, “Quantitative Organic Microanalysis,”” 4th
ed., The Blakiston Co., Philadelphia, Pa., 1945, pp. 167-169.

(8) Woodward, THiS JOURNAL, 68, 1123 (1941); 64, 76 (1942).

(9) Plattner and St. Pfau, Hely. Chim. Acta, 20, 1474 (1937).
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lam and West,'® who have shown for several 2,3-
disubstituted 2-cyclopentenones an approximate
deviation of —11 mp from Woodward’s average
value of 247 = 5 my for open-chain a,B-unsatu-
rated carbonyl compounds triply substituted
around the doubie bond with non-absorbing
groups. Gillam and West have suggested that
this can be extended as a general amendment to
Woodward’s rule.! The absorption maxima for
2-cyclopentenones unsubstituted, singly substi-
tuted, and doubly substituted at the double bond
should, therefore, appear at 214 == 5my, 224 = §
mu and 236 = 5 my, respectively.

Absorption spectra of our cyclopentenones, with:
one exception (XII), fall within the range of these
predictions, with maxima as follows: 2,3-di-
methyl-2-cyclopentenone (IV), 235 my; 2-n-pro-
pyl-3-methyl-2-cyclopentenone (V), 235 mu; 2-n-
hexyl-2-cyclopentenone (VIII), 229 mpy; 2,2,3-
trimethyl-4-cyclopentenone (XII), 221 mpy; 2-n-
hexyl-4-cyclopentenone, 212 mu.

Experimental

Cyclohexyl Levulinate.—This was prepared by a pro-
cedure analogous to that for ethyl levulinate! from 581
g. (5.00 moles) of levulinic acid, 990 g. (9.88 moles) of
cyclohexanol and 1 ml. of concentrated sulfuric acid in 500
ml. of benzene. The yield was 803 g. (81.5%) of cyclo-
hexyl levulinate, b. p. 116-118° (2 mm.); 2% 1.4559;
Sp. gr. 205 1.023; MR caled., 52.35; MR found, 52.66.

Analt Caled. for C H;30;: C, 66.54; H, 9.15.
Found: C, 66.60; H, 9.35.

Preparation of Lactones.—Procedures similar to that of
Cason, Adams, Bennett and Register® for y-methyl-y-n-
propylbutyrolactone were used. <y-Methyl-y-valerolac-
tone was prepared from 200 g. (1.41 moles) of methyl
iodide and 34.0 g. (1.40 gram atoms) of magnesium turn-
ings in 500 ml. of dry ether and 318 g. (1.60 moles) of
cyclohexyl levulinate in 1 liter of dry ether. The crude
product, after shaking with zinc dust, was fractionally
distilled through a twelve-inch helix-packed column to
give a fore-run of cyclohexanol and 78.8 g. of the lactone,
b. p. 85-90° (18 mm.). Redistillation gave 67.4 g.
(429%) of colorless product, b. p. 89-91° (17 mm.); #¥*Dp
1.4352; sp. gr. 2% 1.020; MR caled.: 29.24; MR
found, 29.22.

y-Methyl-y-caprolactone was prepared similarly from
230 g. (2.11 moles) of ethyl bromide and 48.6 g. (2.00
gram atoms) of magnesium turnings in 500 ml. of dry
ether and 396.5 g. (2.00 moles) of cyclohexyl levulinate
in 2 liters of dry benzene and 500 ml. of dry ether. Frac-
tional distillation of the crude product gave 146.5 g.
(656% based on unrecovered cyclohexyl levulinate) of
lactone, b. p. 102-103.5° (15 mm.); %D 1.4412; sp. gr.
20, 1.004; MR caled., 33.86; MR found, 33.71. There
were also obtained 86.5 g. of cyclohexanol and 46.6 g.
of cyclohexyl levulinate, b. p. 115° (3 mm.).

y-Methyl-y-octanolactone was synthesized from 430
g. (3.14 moles) of n-butyl bromide and 73.0 g. (3.00
gram atoms) of magnesium turnings in 800 ml. of dry
ether, and 500 g. (3.52 moles) of ethyl levulinate in 3
liters of benzene. The crude product, after shaking with
zinc dust, gave on fractional distillation 279.8 g. (60%) of
the colorless lactone, b. p. 85-87° (2 mm.) (reported,!?
120-123° (15 mm.)); =2 1.4452; sp. gr. 2% 0.964;
MR caled.: 43.10; MR found: 43.11.

Anal. Caled. for CoHpeO,: C, 69.19; H, 10.32.
Found: C, 69.40; H, 10.53.

(10) Gillam and West, J. Chem. Soc., 486 (1942).

(11) Microanalyses were carried out by Miss Theta Spoor,
Miss Lillian Hruda and Miss Betty Alice Snyder:

(12) Wilson, Teia Jounwat, 67, 2161 (1945),

R. L. FRANK, ROSE ARMSTRONGE, Jack KwiATEK AND H. A. PrICcE
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v,8-Dimethyl-y-caprolactone (XI) was prepared from
1275 ml. (1684 g., 13.70 moles) of isopropyl bromide and
314 g. (12.9 gram atoms) of magnesium turnings in 3900
ml. of absolute ether and 1885 g. (13.08 moles) of ethyl
levulinate in 6.5 liters of dry benzene. Fractional dis-
tillation of the crude product gave 274.9 g. (15.19%,) of the
lactone, b. p. 116° (16 mm.); #%p 1.4460; sp. gr. 20
0.991; MR caled., 38.49; MR found, 38.26.13

The Reaction of Lactones with Phosphorus Pentoxide.—
The transformations were carried out similarly with all
the lactones. One-fifth mole of phosphorus pentoxide
was placed in a distilling flask equipped with a ground-
glass joint. The lactone (0.27 mole) was then poured
into the flask, which was immediately attached to a dis-
tilling column partially filled with glass helices. The
mixture was heated gently with a flame to initiate reaction,
the pressure was gradually reduced to 2-28 mm., and the
products finally distilled directly from the dark reaction
mixture by the use of a free flame. They were then
redistilled.

2,3-Dimethyl-2-cyclopentenone (IV).—vy-Methyl-y-
caprolactone (in three runs totaling 101.6 g., 0.78 mole)
gave 53.0 g. of distillate, b. p. 102-115° (28 mm.).
Redistillation yielded 29.6 g. of starting material, b. p.
101-110° (25 mm.), and 18.8 g. (30.49% based on un-
recovered lactone) of 2,3-dimethyl-2-cyclopentenone,
b. p. 90-92° (25 mm.); 72D 1.4830; sp. gr. 2% 0.969;
MR caled., 31.89; MR found, 32.47; ultraviolet ab-
sorption maximum 235 mu (log € = 3.04). The semi-
carbazone of the product melted at 247-250° (dec.)
(reported,?® 247° (dec.)).
3-Methyl-2-z-propyl-2-cyclopentenone (V) .—y-Methyl-
~v-octanolactone (in five runs totaling 210 g., 1.35 moles)
gave 136.4 g. of distillate. Redistillation yielded 39.6
g. (832% based on unrecovered lactone) of 3-methyl-2-n-
propyl-2-cyclopentenone of mint-like odor, b. p. 55-58°
(2 mm.); »2°p 1.4778; ultraviolet absorption maximum,
235 my (log € = 3.04); and 71.2 g. of starting material,
b. p. 82-88° (2 mm.). The semicarbazone of the product
melted at 209-210.5° (reported,? 212°). .

2,2,3-Trimethyl-4-cyclopentenone (XII) and 3,4-Di-
methyl-2-cyclohexenone (XIII).—v,5-Dimethyl-y-capro-
lactone (XI) was treated with phosphorus pentoxide in
ten runs of 32 g. (0.23 mole) each to give 18.8 to 23.7
g. of slightly yellow distillate per run, #2°p 1.4563-
1.4621. All were combined to total 212.2 g., 22p 1.4601.
Careful distillation through a thirty-six inch helix-packed
column with a total reflux-partial takeoff head and reflux
ratio 20:1 yielded 11.8 g. (6%, based on unrecovered
lactone) of 2,2,3-trimethyl-4-cyclopentenone (XII)  of
camphor-like odor, b. p. 66-66.5° (19 mm.), 169.5-170°
(740 mm.); #»2°p 1.4599; sp. gr. 2% 0.911; MR calced.,
36.50; MR found, 37.06; C-methyl!* calcd. (2 methyls),
24.2%,; found, 19.5, 19.7%:; ultraviolet absorption
maximum 221 mu (log € = 2.77). Amnal. Caled. for
CeH;,0: C, 77.37; H, 9.74. Found: C, 77.18; H, 9.80.
The semicarbazone of this fraction, recrystallized from
ethanol as shiny colorless needles, melted at 189-190°.

Anal. Caled. for CoHi3N3O: C, 59.64; H, 8.34.
Found: C, 59.38; H, 8.60.

Attempts to prepare a crystalline oxime were unsuccess-
ful.

A second fraction, probably 38,4-dimethyl-2-cyclo-
hexenone (XIII), weighed 11.0 g. (6%, based on unre-
covered lactone), b. p. 100-101° (18 mm.); 72D 1.4779;
C-methyl caled. (2 methyls): 24.2%; found: 18.0,
17.4%; ultraviolet absorption maximum 231 mu (log ¢ =
3.02). Amnal. Caled. for CgH,O: C, 77.837; H, 9.74.
Found: C, 75.14,74.91; H, 9.79, 9.78.

The semicarbazone, recrystallized from 40%, ethanol
as colorless platelets, melted at 183-184°. i

Anal. Caled. for CoHiN;O: C, 59.64; H, 8.34.
Found: C, 59.77; H, 8.48.

(18) Blaise, Compt. rend., 130, 1033 (1900).
(14) C-Methyl determinations were carried out by Mr. Howard
Clark of the Illineis State Geological Survey.
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This semicarbazone was shown to be different from that
of 2,2,3-trimethyl-4-cyclopentenone (XII) by a depressed
mixed m. p., 168-170°.

Attempts to prepare a solid oxime were unsuccessful.

As a higher-boiling fraction, 99.3 g. of the starting
lactone was recovered.

2-n-Hexyl-2-cyclopentenone (VIII) and 2-n-Hexyl-4-
cyclopentenone.—y-Undecanolactone (commercial prod-
uct of Givaudan—-Delawanna, Inc., New VYork) (in two
runs totaling 100.0 g., 0.54 mole) gave 25.3 g. of a mix-
ture of ketones, b. p. 74-94° (2 mm.); n2%D 1.4728.
Redistillation yielded 15.7 g. (17.5%) of 2-n-hexyl-2-
cyclopentenone, b. p. 97-100° (5 mm.); #»2'p 1.4675;
sp. gr. 2% 0.910, MR caled., 50.32; MR found, 50.72;
ultraviolet absorption maximum 229 my (log ¢ = 2.70).
The semicarbazone, recrystallized as a colorless powder
from 409, ethanol, melted at 194.5-196° (reported,® 196°).
A 4-g. lower-boiling fraction, b. p. 60-70° (5 mm.);
n2%p 1.4854; ultraviolet absorption maximum 212 mpu
(log ¢ = 2.40), yielded a semicarbazone corresponding
in melting point (192-193.5°) to that of Plattner and St.
Pfau® (m. p. 189-190°) for 2-n-hexyl-4-cyclopentenone.
A mixture with the semicarbazone of 2-z-hexyl-2-cyclo-
pentenone melted at 186-187°.

Ozonolysis of 2,2,3-Trimethyl-4-cyclopentenone (XII).
—OQzone was bubbled for twelve hours through a solution
of 3.3 g. (0.027 mole) of 2,2,3-trimethyl-4-cyclopentenone
in 35 ml. of glacial acetic acid. The solution was then
added dropwise to 25 ml. of 119, aqueous hydrogen per-
oxide, the mixture being agitated by a stream of air
bubbles, and refluxed for two hours. The acetic acid was
removed by steam distillation and the residue evaporated
to a volume of approximately 5 ml. To this was added
5 ml. of concentrated nitric acid, followed by reevapora-
tion to 5 ml., the process being repeated three times. On
standing the solution then deposited platelets of trimethyl-
succinic acid, weighing 0.75 g. (18%) after recrystalliza-
tion from concentrated nitric acid, m. p. 147.5-149°
(reported,’® 148-149°); neutral equivalent caled., 80.1;
found, 84.6.

Anal. Caled. for C;H1204: C, 52.49; H, 7.55. Found:
C, 52.22; H, 7.81.

Distillation of 0.25 g. of the acid gave a colorless solid
melting ca. 30° (anhydride). On standing with an
equimolar amount of p-toluidine in benzene this deposited
crystals of the mono-p-toluidide of trimethylsuccinic acid.
Recrystallization from 959, ethanol gave colorless needles
melting at 125-126° (reported,® 127°).

(15) Auwers, Ann., 292, 142 (1896).
(16) Auwers and Umgemach, Ber., 68, 349 (1935).
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Hydrogenation of 2,2,3-Trimethyl-4-cyclopentenone
(XII) .—Two grams of the ketone dissolved in 8 ml. of
ethanol was hydrogenated over Raney nickel at room tem-
perature and a pressure of 1900 1b. per square inch. The
reaction was stopped after five minutes when one molar
equivalent of hydrogen had been absorbed (estimated by
pressure drop). The catalyst was removed by filtration
and the semicarbazone and oxime prepared from the
alcoholic solution. The semicarbazone, recrystallized
from 409, ethanol, took the form of shiny plates, m. p.
197-198° (reported,?” 210-212°).

Anal. Caled. for CoHyN;O: H, 9.35.
Found: C, 58.76; H, 9.15.

A mixed m. p. with the semicarbazone of 2,2,3-tri-
msethyl-4-cyclopentenone (XII) was depressed, 184-
185°.

The oxime, recrystallized from water or aqueous ethanol
?g4g)olorl%s needles, melted at 103-104° (reported,!8

Anal. Caled. for CsHisNO: C, 68.05;
Found: C, 67.45; H, 10.56.

Ultraviolet Absorption Spectra.—~Miss Ruth Johnston
carried out the determinations using a Beckmann Model D
Spectrophotometer. The ketones were dissolved in 95%,
ethanol, concentration 0.006 g. per liter of solution;
log € = log (1/cl)-log (I/I), in which ¢ = g./100 ml. of
solution, } = 1 cm.

C, 58.99;

H, 10.71.

Summary

v-Methyl-y-lactones having a methylene group
adjacent to the gamma carbon atom are converted
smoothly by action of phosphorus pentoxide to
2,3-disubstituted 2-cyclopentenones. This
method is not applicable, however, for the prepa-
ration of 2-cyclopentenone and 3-methyl-2-cyclo-
pentenone.

v,6-Dimethyl-y-caprolactone, when treated

_with phosphorus pentoxide, is converted in low

yvield to 2,2,3-trimethyl-4-cyclopentenone and
other products.

The ultraviolet absorption spectra of substi-
tuted 2-cyclopentenones are briefly discussed.

(17) Blanc and Desfontaines, Compt. rend., 136, 1141 (1903).
(18) Noyes and Patterson, Am. Chem. J., 27, 427 (1902).
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[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY OF ROCHESTER]
The Synthesis of Some Substituted Thiocarbazones?

By D. S. TarseLr, C. W. Topp,?* M. C. PauLson,?? E. G. LINDSTROM?¢ AND V. P. WySTRACH?2d

The observation?® that thiocarbazones, especially
di-(p-biphenyl)-thiocarbazone, were sensitive re-
agents for the detection of small amounts of ar-
senicals, led to the preparation and testing of a
number of substituted thiocarbazones. The syn-

(1) The work described in this paper was done under Contract
OEM-sr-319, recommended by the National Defense Research
Committee, between the Office of Scientific Research and Develop-
ment, and the University of Rochester. . -

(2) Present address: (a) Experimental Station, E. I. du Pont de
Nemours, Inc., Wilmington, Del.; (b) Research Laboratory,
Grasselli Chemical Company, Cleveland, Ohio; (c) California Re-
search Corporation, Richmond, Calif.; (d) Research Laboratory,
American Cyanamid Company, Stamford, Conn.

(3) By Professor Weldon G. Brown of the University of Chicago.

thesis of these compounds, and their properties as
arsenical detectors, are described in the present
paper.

Thiocarbazones (I) are prepared by oxidation of
the corresponding thiocarbazides (II) by air in
alkaline solution or by hydrogen peroxide

S S
g — 2H I

Ar NHNHCNHNH Ar ———> Ar N=NCNHNH Ar
I I

Several methods were used for the preparation of
the necessary thiocarbazides in our work.
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(1) The Fischer Method.—This involves
formation of the hydrazine salt of a dithio-
carbazinic acid (III), which, on heating, evolves
hydrogen sulfide and yields the thiocarbazide II.

2ArNHNH, + CSp —>

—H,S
ArNHNHCSH-H;NHNAr ———> II
II1

A number of hydrazines were prepared by the
usual procedure of reduction of the diazonium
compound with sodium sulfite¢ or stannous chlo-
ride Diazonium compounds having electron-
donating groups in the ortho- or para-positions
were cleaved by reduction, with the formation of
the original amine or the corresponding nitrogen-
free aromatic compound instead of the hydrazine.
This behavior was shown by the diazonium salts
from p-aminodimethylaniline, 2,6-dimethoxyani-
line, 4-dimethylamino-1-naphthylamine, N-(p-
aminophenyl)-morpholine, and 2-aminodiphenyl
sulfide. In order to test the feasibility of a pro-
jected synthesis of p-dimethylaminophenylhydra-
zine, a model experiment was tried by treating N-
magnesiobromoaniline with monochloroamine;
the only product isolated was p-bromoaniline,
identified through the mixed meiting point as the
acetyl derivative. Apparently the following re-
actions took place, instead of the desired formation
of phenylhydrazine.

CeH;NHMgBr + CINH; —> CsHiNHMgCl + BrNH;

|

p-BrCsH,NHMgCl + NH;

Much variation was noted in the ability of the
various arylhydrazines to react with carbon disul-
fide. p-Nitrophenylhydrazine did not react un-
less a base was present; in the presence of pyri-
dine, a product was obtained which was probably
p-NO,CeHNHNHCS,H.CsH;N, but no thiocar-
bazide could be obtained from it. p-Phenoxy-
phenylhydrazine did not react normally; the thio-
carbazide; if formed, apparently was unstable.

The reaction of thiophosgene with arylhydra-
zines to form thiocarbazides was also used in a few
cases, but it did not offer any advantage over car-
bon disulfide.” '

2-Pyridylhydrazine and carbon disulfide gave a
compound at first believed to have the structure
IV, but it was later found to be V, which had been

(4) “Organic Syntheses,” Coll. Vol. I, 2nd ed., p. 442.

(5) Graebe and Rateanu, Ann., 379, 267 (1894).

(6) It may be noted that o-phenoxyphenylhydrazine is stable in-
.definitely, while the p-compound is stable for only a few hours;

this may be due to-chelation of the type CeHy—O—

<z

H—N—NH

H
(7) Thiophosgene is much more readily prepared by the method
given in Sartori, “The War Gases,” D. Van Nostrand Co., New
York, N. Y., 1939, p. 213, than by the ‘“Organic Syntheses’ method
Coll. Vel. 1, 2nd ed., p. 506).

-better than the Fischer method.

previously prepared from 2-pyridylhydrazine and
potassium trithiocarbonate.®

(\

WA

(-
#—NHN=C=8
N ) /

Ne=f v
v ’ |
SH

In the second stage of the reaction between car-
bon disulfide and the hydrazine (III — II), long-
continued heating after the evolution of hydrogen
sulfide has stopped may lead to formation of a
thiosemicarbazide from the thiocarbazide III by
disproportionation. Thus, when 2-methylthiol-
phenylhydrazine VI was treated with carbon di-
sulfide and heated overnight on the steam-bath,
the thiosemicarbazide VII was the only product
isolated. When the heating was limited to about .
an hour, the thiocarbazide was obtained as usual.

0-CH;SCqHNHNH:;  0-CH:SCHLUINHNHCSNH,
VI VII

(2) The Bamberger Nitroformazyl Method.’
—This method avoids the preparation of the
hydrazines, and although it requires careful
attention to detail and some practice, is usually
It involves the
coupling of two moles of diazonium compound
with sodionitromethane, followed by reduction of
the resulting nitroformazyl VIII with ethanolic
ammonium sulfide:

2ArN:Cl 4+ CH;NO; —> ArN=NCHN=NAr
0: VIII
EtOH(NH,):S

II

A modified procedure, due to Professor N. L.
Drake,’® in which the pH of the diazonium solution
is brought to 6 before adding the sodionitrometh-
ane, has been found very useful.

A number of trials runs showed that the pro-
cedure could be modified further with advantage
by carrying out the coupling reaction in an acetate
buffer containing 409, acetic acid at a pH of about
4.5; nitromethane itself was found to couple just
as well as the sodio derivative under these con-
ditions;° since the sodio derivative would obvi-
ously revert to nitromethane at this pH in an ace-
tate buffer. The mechanism of the coupling re-
action can be represented as'!

(8) Mills and Schindler, J. Chem. Soc., 128, 321 (1923).

(9) Bamberger, Ber., 88, 2043 (1900); 27, 155 (1894); Ann.,
446, 260 (1926).

(9a) Private communication from Professor N. L. Drake, Uni-
versity of Maryland.

(10) This procedure is based in part on Bamberger’s work (ref.
9); a somewhat similar procedure has been published by Hubbard
and Scott, THIS JOURNAL, 66, 2390 (1943).

(11) Coupling of diazonium compounds with phenols and aro-
matic amines involves the diazonium ion, and the phenoxide ion or

the free amine, respectively (Bartlett and Wistar, THIS JOURNAL, 68,
413 (1941)).
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© ArN;* 4 CHyNO,~ —> ArN—NCH,NO;

ArNHN=CHNO,
ArN;* 4+ ArN=NCHNO;~ —> ArN=NCHN=NAr
Yo,

2-Aminodiphenyl sulfide yielded a nitroformazyl
by this procedure, but it was unsuccessful with
2-aminofluorene and 4-aminostilbene. The sug-
gestion that the reaction involves the anion in each
step is supported by our observation that the
phenylmethylhydrazone of nitroformaldehyde, Cs-
HsN(CH;) N=CHNO,, which is insoluble in al-
kali, does not couple with benzenediazonium chlo-
ride in an acetate buffer or in glacial acetic acid.

The compound C¢H;NHN=CHNO,, in con-
trast, is readily soluble in dilute alkali, and couples
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ter does not seem to have been reported, and an at-
tempt to prepare it from phenylhydrazine, carbon
disulfide and triethylamine yielded instead the tri-
ethylamine salt of phenyldithiadiazolonmercaptan
XXII; the structure of this product is proved by

. CsHﬁN N

I
S—=Cu_ S/C——SH-(Csz)sN CH;CH=CHCNHNHC,H;

XXII XXIII

its formation from potassium phenyldithiadia-
zolonmercaptide and triethylamine. The inter-
action of CsHsNHNHCSSH and CeH;N(CHjy)-
NH,, which should yield XX, after oxidation, was
also unsuccessful.

The preparation of cinnamic thiophenylhydra-
zide? XXIII was undertaken because of its simi-

TABLE 1

THIOCARBAZONES PREPARED R

S
_N=N‘!NHNH©R

R" R’ R’ R’
Analyses, %
Calcd. Found

Compound?® Method? M. p., °C. Formula (o} H C H
R' = OCgHs(IX) 1, 2a,, 2b 167—168 dec C25H20N4S02 68 18 4.55 67. 69 4. 59
R’ = OCH(X) 1 186 dec. Ci5H16N4SO: 56.96 5.06 56.88 4.88
R’ = OCH;(XI) 2a 170 dec. CisH24NsSO;° 57.50 6.88 ' 57.72 6.23
R = OCgH;(XII) 2a 145 dec. C2sH20N4SO: 68.18 4.55 68.44 4.95
R’ = CeH(XIII) 2a 154 dec. CosHzo NS 73.53 4.90 73.11 4.60
R” = CgH(XIV) 2a 151.5 dec, CosHaoNeS 73.55 4.90 73.55 5.28
R’ = p-CH,0C:H,O(XV) 2a 153 dec. CerH24N4SO4 64.80 4.80 64.25 4.97
R’ = SCgH(XVI) 2b 131-1383 dec. CosHoNeSs 63.52 4.27 63.12 4.44
R’ = SCH,y(XVII) 1 145-146 C1sH16N:S; 51.7 4.6 51.6 4.4
R = CeH;, R’ = OCgH(XVIII) 2a 159-161 dec. CyHsNSO: - 74.98 4.76 75.12 4.84
R = CeH;, R’ = SCeH(XIX) 2a 147-149 dec. CarH2sN4Ss 71.13 4.52 70.43 3.40

s R, R/, R” = H, unless otherwise indicated.
azyl in acetate bufier.

so rapidly with a diazonium compound to form the
nitroformazyl, as above, that it can be isolated
from the reaction mixture only with difficulty.
The thiocarbazones obtained in fairly pure form
are indicated in Table I; compounds whose prepa-
ration in pure form failed are listed in Table II.
The p-acetyl and p-benzoyl derivatives listed in
Table II apparently are unstable because they
oxidize very readily to the carbodiazone type,
S

|
ArN=NCN=NAr, in which there is a more ex-
tended conjugated system. In order to prevent
this oxidation to the diazone type, which seemed
to be one cause of the instability of the thiocarba-
zones when used as detecting agents, much time
was spent in attempts to make a methyl substi-
tuted thiocarbazone (XX), which should be stable

to oxidation of this type. Compound XX should
CsH;N(CH;(NHCSN=NC¢Hj; CsH;NHN=C=S
XX XXI

be obtained, after oxidation, from o«-methyl-
phenylhydrazine and compound XXI, but the lat-

b 1 = Fischer method; 2a = nitroformazyl (Drake); 2b = nitroform-
¢ Calculated for one molecule of methanol of crystallization.

TABLE 11
THIOCARBAZONES WHOSE PREPARATION WAS ATTEMPTED
Parent amine Method Remarks

p-Aminoacetophenone 2a Thiocarbazide unstable
p-Aminobenzophenone 2a Thiocarbazide unstable
2,6-Dimethoxyaniline 1,2a Thiocarbazone unstable,

thiosemicarbazide isolated
2-Aminofluorene 1,2a,2b
2-Aminodibenzofuran 1 Ozxidation to thiocarb-

azone failed

o-Fluoroaniline 2a Not obtained analyti-
cally pure
2-Amino-5-methyl- 2a Thiocarbazone appar-
benzenesulfonic ently obtained, but
acid could not be isolated
from aqueous solution
. 4-Aminostilbene 1,2a,2b
2-Aminothiazole 2a Diazonium solution un-
stable
2-Aminopyridine 1 Ring closure occurred

2-(p-Aminophenyl)- 2b
naphthalene

Not obtained pure

(12) Suggested by Dr. Donald E. Pearson.
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larity to the thiocarbazone structure. It could
not be obtained by the action of phosphorus penta-
sulfide on cinnamic phenylhydrazide, and the
imido chloride of the phenylhydrazide could not be
obtained. Another approach, through styryl-
nitromethane and the nitroformazyl CeH;CH—
CHCH(NO;)N=NCeH; was not successful, al-
though styrylnitromethane was apparently ob-
tained from cinnamyl bromide and silver nitrite in
acetonitrile solution, and a red product, presum-
ably the nitroformazyl, was obtained by treatment
of this with benzenediazonium chloride.

The thiocarbazones listed in Table I were tested
as arsenical detectors and the o-phenoxy derivative
(IX) was found the most promising, considering
stability, sensitivity, sharpness of color change and
ease of synthesis.

Experimental Part!'3

2-Aminodiphenyl Ether.—Reduction of 78 g. of 2-
nitrodiphenyl ether (in three batches) with hydrogen and
Raney nickel in alcohol yielded 51.0 g. (78%) of the
amine, m. p. 45.5-47°, and a second crop of 9.5 g., m. p.
43-47° (total 949,). Zinc dust and calcium chloride in
ethanol gave a 689, yield of the amine from the nitro
compound u

-Phenoxyphenylhydrazme .—Twenty-five grams of the
above amine was diazotized, the excess nitrous acid de-
stroyed with sulfamic acid, and 107 g. of stannous chioride
in 107 cc. of concentrated hydrochloric acid added. After
stirring one hour, the complex tin salt was removed and
treated with 77 g. of sodium hydroxide dissolved in 650
cc. of water. The precipitate was treated with 500 cc.
of water and 20 cc. of concentrated hydrochloric acid,
warmed until solution was effected and cooled to obtain
the hydrazine hydrochloride, which melted with decom-
position at 171°. The hydrochloride was dissolved in
warm water, treated with hydrogen sulfide and filtered;
the hydrazine was obtained as a white precipitate, which
after recrystallization from alcohol, had the m. p. 152-
154°, yield, 12 g. (45%).

Anal. Caled. for CHi2NO: C, 72.00; H, 6.00.
Found: C, 72.33; H, 6.10. The benzal derivative melts
at 129-130.5°.

The m. p. of the hydrazine is surprisingly high, com-
pared to the para isomer, which melts at 52°, and is very
unstable.

2-Nitro-4’-methoxydiphenyl  Ether.!>—The potassium
salt of hydroquinone monomethyl ether (6.2 g.) was pre-
pared in ethanol, the solvent removed and 7.9 g. of o-
nitrochlorobenzene added: the temperature was brought
to 160° for one hour, the mixture cooled and poured into
dilute alkali. The product (8.6 g., 70%) melted, after
crystallization from ethanol, at 74-74.5

2-Nitrodiphenyl Sulfide —The procedure of Cullinane
and Davis!® was improved as follows: To a mixture of
thiophenol (33 g.), 39 g. of sodium carbonate and 120
cc. of water was added a solution of 47.1 g. of o-chloro-
nitrobenzene in 150 cc. of hot ethanol. The mixture was
stirred and warmed on the steam-bath for four hours,
then poured in 500 cc. of cold water, filtered and washed
with water. Recrystallization from 200 cc. of ethanol
yielded 61 g. (87%) of bright yellow crystals, m. p. 78—
80°. The reported valuels is 82°.

2-Aminodiphenyl Sulfide.—This compound was ob-
tained by reduction of the nitro compound, and also by

(13) Analyses by Robert Bauman.

(14) Cf.Suter, THIS JOURNAL, 51, 2583 (1929); the reported m. p.
is 44-45°.

(15) Cf. Henley, J. Chem. Soc., 1222 (1930); Mole and Turner,
ibid., 1720 (1939). The m. p. is reported as 75-76.5°.

(16) Cullinane and Davis, Rec. tran. chim., 85, 881 (1936).

the following procedure. 2-Chloroacetanilide (20 g.)
and a few tenths of a gram of copper powder were added to
a solution prepared by dissolving 13.2 g. of potassium
hydroxide and 26 g. of thiophenol in 40 cc. of #-butanol
with heating. The solvent was removed, the residue
heated rapidly and held at 280-300° (inside temperature)
for fifteen minutes. The cooled melt, which had darkened
considerably, was taken up in hot benzene and 109,
sodium hydroxide solution; the two layers were filtered
with suction and separated. The benzene layer was
evaporated, and the crude acetyl compound hydrolyzed
with hydrochloric acid and ethanol. The amine was
distilled at 154-160° (3 mm.), and 11 g. (46%) of mate-
rial, m. p. 33°, obtained. The reported!® m. p. is 35°.
4-Amino-3-phenoxybiphenyl. —3-Bromo-4-acetammo-
biphenyl'? (3 g.) and 0.1 g. of copper powder were added
to the potassium salt from 10 g. of phenol, and the melt
heated for thirty minutes at 180°. When worked up as
above, 2.9 g. of crude 2-acetamino-5-phenyldiphenyl
ether was obtained, which after six recrystallizations
from dilute alcohol melted at 166-167°. The free amine
obtained by hydrolysis melted at 100.5-101.5° after three
recrystallizations from alcohol.

Amnal. Caled. for CisHisNO: C, 82.74; H, 5.79.
Found: C, 83.12; H, 5.79.

In a second preparation, the crude acetaminodiphenyl
ether was hydrolyzed to the free amine directly, which
was obtained in 509 yield by vacuum distillation, m. p.
94-99°. After one crystallization from alcohol, it melted
at 99-101°.

4-Amino-3-thiophenoxybiphenyl.—3-Chloro-4-acet-
ammoblphenyl (20 g.), 20 cc. of thiophenol, 9 g. of potas-
sium uyuruxxuc, 30 cc. of n-but
copper powder were heated at 260—280° for one hour
The reaction mixture was worked up as usual, yielding

13 g. (69%) of the free amine, m. p. 68-70°.
H, 5.45,

and

Anal. Caled. for C;sHj;sNS: C 77.94;
Found: C, 77.87; H, 5.41.

The acetyl derivative melted at 132-134.5°. When
the bromoacetaminobiphenyl was used instead of the
chloro compound, a 669, yield was obtained.

2-Pyridylhydrazine.—This was prepared more conven-
iently from 2-bromopyridine than from the chloro com-
pound,!® and was obtained in 579, yield by heating the
halogen derivative with 859, hydrazine hydrate at 125°
for twenty-four hours.

3-Mercaptopyrido(2,1-c)-s-triazole.}*—2-Pyridylhydra-
zine (5 g.) was added to 12 cc. of carbon disulfide in 40
cc. of chloroform. A precipitate was formed, and the
mixture refluxed on the steam-bath for twenty hours,
with the evolution of hydrogen sulfide. The crystals
present were isolated, weighed 6.10 g. (88%), and melted
at 209-210°. The product is insoluble in benzene and
dioxane, but is soluble in methanol and dilute sodium
hydroxide.2®

Anal. Caled. for CHN.S: C, 47.7; H, 3.3; mol.
wt., 151. Found: C,48.1; H,3.4; mol. wt. (Rast), 165.

This compound was also obtained by action of thiophos-
gene on 2-pyridylhydrazine.
(17) The preparation of this compound, which involves the

separation of the constant melting mixture of 3-bromo-4-acetamino-
biphenyl and 3,4’-dibromo-4-acetaminobiphenyl obtained as one of

" the products in the bromination of 4-acetaminobiphenyl (Kenyon

and Robinson, J. Chem. Soc., 3050 (1926); Case and Sloviter, THIS
JournarL, 59, 2381 (1937)) is laborious and unsatisfactory. The
amine was acetylated and the acetyl derivative purified by recrys-
tallization from dilute alcohol. The yield of fairly pure 3-bromo-4-
acetaminobiphenyl, m. p. 158-159° (literature 161°), varied from 8 to
15% based on 4-acetaminobiphenyl. The 3-chloro 4-acetaminobi-
phenyl was readily obtained by chlorination of 4-acetaminobiphenyl
(Scarborough and Waters, J. Chem. Soc., 557 (1926).

(18) Cf. Fargher and Furness, ibid., 107, 688 (1915);
berger and Porter, THIS JOURNAL, 66, 1849 (1944).

(19) Ring Index numbering.

(20) Mills and Schindler report this compound as melting at
205-206°, and their other properties agree with those of our material.

Weiss-
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Thiocarbazone Preparations by the Fischer Method.—
The preparation of di-(2-methoxyphenyl)-thiocarbazone (X)
is typical of the procedures followed. 2-Methoxyphenyl-
hydrazine (10 g.), 50 cc. of alcohol and 5 g. of carbon di-
sulfide were refluxed on the steam-bath until hydrogen
sulfide ceased to be liberated. The thiocarbazide was
not isolated, but was treated directly in solution after
cooling with enough 109, ethanolic potassium hydroxide
to give a clear red color; the solution was allowed to
stand with air bubbling through for about five minutes,
and was acidified with 1 N sulfuric acid. The thiocarba-
zone was obtained as a black powder, and was isolated
by filtration with thorough washing. In the alternate
‘procedure, the alcoholic solution of the thiocarbazide
was cooled and treated with 5 cc. of 309, hydrogen per-
oxide, allowed to stand five minutes, with stirring, and
the product was washed with water and cold methanol.

Recrystallization of the thiocarbazone proved difficult.
The best method found was to dissolve the substance in
the minimum volume of chloroform, filter and precipitate
by adding half the.volume of methanol. The product
formed a finely crystalline material, copper bronze in
color. The m. p. and analysis are given in Table I.

Thiocarbazones by the Modified Nitroformazyl Proce-
dure; Di-(2-phenoxyphenyl)-thiocarbazone.—2-Aminodi-
phenyl ether (b. p. 187-188° (30 mm.)) was dissolved in
160 cc. of concentrated hydrochloric acid and 270 cc. of
water. The cold solution was diazotized by adding 23 g.
of sodium nitrite in 135 cc. of water. After one hour the
excess nitrous acid was removed with sulfamic acid, the
solution was filtered through a sintered glass funnel and
washed with 50 cc. of water. The solution was poured
into 1430 g. of sodium acetate trihydrate in 725 cc. of
glacial acetic acid, and stirred at room temperature for
fifteen minutes, at which point most of the sodium acetate
had dissolved; 25 cc. of nitromethane was added in one
portion and the mixture stirred for five hours. The nitro-
formazyl precipitated rapidly, and the mixture was an
almost solid mass after two hours; the product was
collected, washed thoroughly with water and twice with
alcohol. The nitroformazyl had not dried completely
after standing several days on paper towels, and was
reduced directly. :

Reduction to the Thiocarbazide.—The nitroformazyl
was added in one portion to 750 cc. of alcohol saturated
with ammonium hydrosulfide. The color of the mixture
changed from red to cream in thirty minutes; after stirring
one hour, the slurry was poured into 2 liters of cold water,
filtered, washed thoroughly with water and air dried on
paper towels. It was not completely dry after two days.

Oxidation to the Thiocarbazone.—The thiocarbazide
was dissolved in 2 liters of warm alcohol containing 35 g.
of potassium hydroxide, and the calculated amount of
3% hydrogen peroxide (175 cc.) added. The mixture was
heated almost to boiling on a hot plate, allowed to stand
for fifteen minutes, then cooled in an ice-bath. When
the temperature had reached 5°, the solution was filtered,
and acidified with 100 cc. of concentrated hydrochloric
acid. The precipitated thiocarbazone was filtered, and

- washed thoroughly with water and twice with methanol.
The product was . bronze colored and microcrystalline,
m. p. 162-163.5° with dec., wt. 48 g. after air drying.
For purification, it was dissolved in 500 cc. of hot chloro-
form, filtered and 800 cc. of hot methanol was added to
the hot solution. Beautiful bronze crystals were obtained,
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m. p. 167-167.5° with decomposition (very slow heating),
yield 39.5 g. (thoroughly air dried, or 58%, based on
amine).

Preparation of Diphenylthiocarbazone (Dithizone).—
Dithizone was prepared by essentially the same method;
30 g. of clean nitroformazyl, m. p. 146-147°, was ob-
tained from 37 g. of aniline. The sodium acetate and then
the acetic acid were added directly to the diazonium solu-
tion. The coupling with the nitromethane proceeded
quite slowly in the resulting 259, acetic acid solution with
acetate—acetic acid ratio of 0.24.

A second preparation was run in the same manner but
with an acetate-acetic acid ratio of 0.65. The reaction
proceeded more rapidly; after two hours 200 cc. of
water was added (changing the acetic acid concentration
from 24 to 199,) because the reaction mixture had become
too thick to stir. The thiocarbazone obtained from the
usual oxidation step was quite pure without the final
crystallization, as it melted sharply at 165-166°.

Interaction of Phenylhydrazine, Carbon Disulfide and
Triethylamine.—To 15 g. of triethylamine and 25 g. of
carbon disulfide in 50 cc. of chloroform was added drop-
wise 10.8 g. of phenylhydrazine. The mixture was heated
on the steam-bath for five hours, causing evolution of
hydrogen sulfide. After cooling, the mixture was sub-
jected to steam distillation, and the residue crystallized,
giving 18.6 g., m. p. 87-89°. Two crystallizations from
benzene raised the m. p. to 91.5-92.5°. This product
was shown to be the triethylamine salt of phenyldithia-
diazolonmercaptan XXII by analysis, and by preparation
from potassium phenyldithiadiazolonmercaptide?! and
triethylamine.

Anal. Caled. for C14H21N3S;33 C, 515, H, 6.4. Found:
C, 51.9; H, 6.4.

2-Methylthiolphenylthiosemicarbazide (VII).—A mix-
ture of 2-methylthiolphenylhydrazine and carbon disulfide
in ethanol was refluxed overnight on the steam-bath.
After the solvent was removed, the residue was treated
with benzene and a white crystalline product was obtained,
which, after two recrystallizations from xylene, melted
at 172-173° with decomposition. Two recrystallizations
from acetic acid did not change the m. p. or the percentage
composition.

Amnal. Caled. for CsH 1 N3S,: C,45.1; H, 5.2.
C, 45.3; H, 5.2.

When the heating with carbon disulfide was limited to an
hour, the disproportionation did not occur, and the thio-
carbazide and the thiocarbazone (XVII) were obtained.

Summary

A number of new substituted diarylthiocarba-
zones have been prepared, and several compounds
obtained incidental to the work have been de-
scribed. A modification of the Bamberger nitro-
formazyl procedure, conmsisting of coupling the
diazonium compound with nitromethane in dilute
acetic acid containing acetate ion, has been found
useful.

ROCHESTER, NEW YORK

Found:

REecEIVED DECEMBER 1, 1947

(21) Dubsky and Trtilek, Z. anal. Chem., 96, 412 (1934); Busch,
Ber., 27, 2510 (1894).
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Physiologically Active Indanamines. II.

Compounds Substituted in the Aromatic

Ring?

By R. V. HEINZELMANN, H. G. XorLOoFF AND JAMES H. HUNTER

Previous work in this Laboratory! has shown
that certain aminoindanes, aminoindanones and
aminoindanols unsubstituted in the nucleus pos-
sess valuable properties as bronchodilators. For
this reason it was considered desirable to prepare
some derivatives of these compounds containing
one or more hydroxyl or methoxyl groups in%the
aromatic ring. The present paper deals with in-
dar)lamines substituted in this manner (I, II, III,
V).

H OH
NH, ¢ NH,
7 /\
RO | KH RO—— ' H
N\ \
I 1T
H /O—?H_© H\ OH R’
N N\ NH a \/N\\R rer
ro— | Pa rRo— | [
N N
III v

OR = 5-OH, 5-OCHj,
6-OCH;, 7-OCH,
4,5-di-OCHs, 5-OCH,;-6-OH,
5,6-di-OCHj, 5,6-0:CH,
OR’ = 5-OCHj;, 6-OCHjs,
7-OCH;, 4,5-di-OCHj,
5,6-di-OCHj, 5,6-0:CH,
R” = H, CH;
R’”’ = CH;, CH(CHa)z, CH:—CeHs

Much work has been done and considerable suc-
cess achieved in efforts to correlate the pressor
activity with the structure of phenethylamine de-
rivatives.? However, when other physiological
phenomena are considered, it is found that in
general they do not parallel that of pressor ac-
tivity. For instance, in the case of bronchodilator
activity it is even found in some cases that struc-
tural changes which affect the pressor potency ad-
versely tend to produce an increase in the broncho-
dilator effect.n:345 " In other cases,® no clear-cut
relationship appears to exist between the two
phenomena. In general, it may be stated that
introduction of alkyl or aralkyl groups into the
amino group reduces or even reverses the pressor
effect, and at the same time favors bronchodilator
activity35; large substituents of this type seem

(1) For the previous paper in this series, see Levin, Graham and
Kolloff, J. Org. Chem., 9, 380 (1944).

(2) For a recent discussion of the status in this field, see Hartung,
Ind. Eng. Chem., 87, 126 (1945).

(3) Curtius, J. Pharmacol., 85, 321 (1929).

(4) Konzett, Arch. Exptl. Path. Pharmakol., 197, 27 (1940).

(5) Graham, Cartland and Woodruff, Ind. Eng. Chem., 37, 149
(1945). v

to be most effective.56 This variation might thus
be expected to result in the formation of an ideal
bronchodilator. Extension of the side chain to
three carbon atoms results in increased duration of
action’ and, as with the pressor property, confers
oral activity due to increased resistance to de-
amination in the body.?

The adverse circulatory effect of alkoxyl substi-

‘tution, as compared with hydroxyl substitution®®

in the benzene ring, has been shown recently not to
apply with respect to bronchodilation.? Indeed,
in twenty-four of thirty-one pairs studied the
methoxyl derivative was equal to, or more active
than, the corresponding hydroxyl derivative.
These facts lend considerable interest to the com-
pounds reported here. )

The intermediate hydroxy-, methoxy- and
methylenedioxyindanones were prepared from the
corresponding substituted phenylpropionic acids
by cyclization with anhydrous hydrogen fluoride
or phosphorus pentoxide, and in one instance
through their acid chlorides #i¢ the Friedel-
Crafts reaction. Cyclization of o-hydroxy (meth-
oxy) phenylpropionic acid has not been reported
and difficulty in effecting ring closure in these acids
having an ortho-directing group present was cot-
rectly anticipated.’ Under the usual con-
ditions,!* attempts to cyclize with anhydrous hy-
drogen fluoride led to the formation of an amor-
phous product, insoluble in ordinary solvents,!?
together with a trace of starting material. When
phosphorus pentoxide was employed under opti-
mum conditions for this type of reaction,'® no
ring closure occurred. There was isolated a 709,
yield of a compound, (m. p. 67-69.5°) whose analy-
sis was in good agreement with the value calcu-
lated for the anhydride; on hydrolysis, the start-
ing acid was recovered. Cyclization of o-nitro-
phenylpropionic acid,'* as well as nitration of in-
danone with subsequent isolation of the 4-nitro
isomer, ! were not promising procedures because of
inaccessibility of starting materials or difficulty in

(6) See, for instance, the German product ““Aludrine” containing
an ¢sopropylamino group on the side chain; C. 4., 40, 51542 (1946).

(7) Alles and Prinzmetal, J. Pharmacol., 48, 161 (1933).

(8) Beyer and Lee, J. Pharmacol., T4, 155 (1942); Beyer and Mor-
rison, Ind. Eng. Chem., 3T, 143 (1945).

(9) Tainter, Pedden and James, J. Pharmacol., 81, 371 (1934);
Pedden, Tainter and Cameron, bid., 55, 242 (1935); Cameron and
Tainter, ¢bid., 67, 152 (1936).

(10) See, for example, Johnson and Shelberg, Tuis JoURNAL, 67,
1853 (1945).

(11) Fieser and Hershberg, 7bid., 61, 1272 (1939).

(12) The substance was partially soluble in pyridine, and dissolved
in concentrated sulfuric acid to give a cherry-red solution.

(18) W. S. Johnson, “Organic Reactions,” Vol. II, 1944, p. 170.

(14) Hoyer, J. prakt. Chem., 139, 94 (1934).

(15) Ingold and Piggott, J. Chem. Soc., 1469 (1923).
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isolating the desired isomer. When the excellent
cyclization procedure for p-methoxyphenylpro-
pionic acid, using the Friedel-Crafts reaction,!?
was reported by Johnson, these conditions were
applied to the ortho-isomer. There was obtained
469, of starting material, 45%, of amorphous ma-
terial (m. p. about 220—30°), soluble in pyridine,
but not in the usual organic solvents, 6% of an
alkali insoluble product (m. p. 103-110°), and a
trace of alkali-insoluble material (m. p. about
140°) whose analysis was inconclusive but ap-
proached that of the desired indanone.

Of the other three monosubstituted indanones,
the 5-hydroxy-(methoxy-). and 7-hydroxy-(meth-
oxy-)indanones were prepared by cyclization of
m-hydroxyphenylpropionic acid with anhydrous
hydrogen fluoride,® followed by methylation; the
7-isomer can be prepared in only insignificant
yields by this method. 6-Methoxyindanone was
made by Johnson’s Friedel-Crafts procedure®;
however, using Ohio-Apex grade aluminum chlo-
rid(; the best yield obtained in a 10-g. batch was
39%.

Cyclodehydration of 2,4-dimethoxyphenylpro-
pionic acid could not be achieved by the methods
used; anhydrous hydrogen fluoride yielded a tar,
and from an attempted cyclization using phos-
phorus pentoxide there was recovered 43‘5}
starting material and 359, of an oil which ap-
peared to be the acid anhydride. Itis interesting
that while 2,3-dimethoxy- and 3-methoxy-4-hy-
droxy-phenylpropionic ‘acid could be cyclized in
excellent yield using liquid hydrogen fluoride, this
method was not applicable to 3,4-methylenedioxy-
phenylpropionic acid.

The substituted indanones were converted,
through the 2-isonitroso derivatives, to the amino
ketones and amino alcohols essentially as de-
scribed? for the unsubstituted analogs. The tend-
ency for solutions of the aminoketone hydrochlo-
rides to become slightly red was prevented to a
considerable extent by the addition of a trace of
alcoholic hydrogen chloride during any recrystalli-
zation.

Reaction of the aminoindanols with benzalde-
hyde produced, instead of the Schiff bases, a mix-
ture of bases which could be separated by frac-
tional crystallization and converted to their re-
spective hydrochlorides. In the monosubstituted
series one of these proved to be the starting ma-
terial, and the other, the oxazolidine (III), which
is isomeric with the Schiff base.’” Hydrogenation
with active palladium charcoal gave the desired
benzylaminoindanol hydrochlorides. In the di-

(16) Johnson, Anderson and Shelberg, THIS JOURNAL, 66, 218
(1944).

(17) TIndeed it appears that the compounds referred to by Levin,
Graham and Kolloff! as Schiff bases are also oxazolidines. For in-
stance, a sample (m. p. 163~165°) identical with their compound
XX and prepared by their procedure was ether-soluble and formed
a hydrochloride, m. p. 178-180° (dec.); the oxazolidine free base
(m, p. 163-164°) could be regenerated from the hydrochloride.

Our oxazolidine hydrochlorides showed a tendency to hydrolyze,
even during recrystallization from alcohol and ether.
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substituted series, reaction of the aminoindanols
with benzaldehyde produced, instead of the Schiff
bases, racemic mixtures of diastereoisomeric oxa-
zolidines which were separated and purified by
fractional crystallization. The isomers on hydro-
genation with palladium charcoal gave different
benzylaminoalcohols. These benzylaminoalco-
hols could also be obtained as isomeric mixtures by
reductive alkylation with benzaldehyde.

Reductive alkylation of 6-methoxy-2-amino-
indanol and 5,6-dimethoxy-2-aminoindanol using
acetone yielded the corresponding isopropyl-
aminoindanols; when one mole of formaldehyde
was used instead of acetone only the dlmethyl-
aminoindanols were formed.

The pharmacology of the aminoketones, amino-
alcohols, oxazolidines and substituted aminoalco-
hols will be reported elsewhere.

The authors wish to acknowledge the technical
assistance of Mr. Brooke D. Aspergren in a por-
tion of this work.

Experimental!®
‘Substituted Phenylpropionic Acids

The requisite cinnamic acids were prepared from the
appropriately substituted benzaldehydes and malonic acid
by the Doebner reaction.920

The cinnamic acids were converted to the corresponding
phenylpropionic acids by electrolytic reduction or catalytic
hydrogenation using Adams platmum catalyst.?! The
former procedure frequently resulted in products difficult
to purify and almost invariably in lower yields.

In view of the difficulty in preparing m-hydroxybenzalde-
hyde,2® the Schwenk—Papa Raney nickel reduction pro-
cedure?¢ for preparing m-hydroxyphenylpropionic acld
from the readily available piperonylacrylic acid was in-
vestigated. After numerous attempts and variations of
this procedure had been made the maximum yield ob-
tained was only 35%.

(18) Melting points are uncorrected. Microanalyses by Mr. C. H.
Emerson and the staff of the microanalytical laboratory.

(19) “Organic Reactions,” Vol. I, 1942, pp. 226-227.

(20) When condensation was carried out with crude m-hydroxy-
benzaldehyde (m. p. 98.5-100.5°) for four hours on the steam-bath,
or for twelve days at room temperature, the yield of m-hydroxy-
cinnamic acid after two crystallizations was 68 and 69.5%, re-
spectively; however, when once-crystallized aldehyde (m. p. 102°)
was employed under the latter conditions the yield was 93% and the
product without purification melted higher than the twice purified
acid above and could be hydrogenated directly. In the case of 3-
methoxy-4-hydroxybenzaldehyde, the prolonged low-temperature
modification (ref. 19, pp. 235 and 250) increased the yield from 509,
to 94%:

(21) It was necessary to stop the hydrogenation of p-methoxy-
cinnamic acid when one mole of hydrogen had been absorbed since
hydrogen uptake continued rapidly until four moles had been con-
sumed; even slight over-reduction caused purification difficulties.
Catalytic hydrogenation (PtO2) of piperonylacrylic acid in ethanol
was too slow to be practicable due to its insolubility; hydrogenation
was also too slow in glacial acetic acid even at an elevated tempera-
ture. The sodium salt of the acid could not be hydrogenated in
aqueous alcohol or in distilled water. Toward the end of this work
hydrogenation of the acid in warm dioxane was reported.2? This
method proved satisfactory; after having been filtered from the
catalyst and concentrated to half the volume, the dioxane solution
was mixed with chipped ice and shaken, whereupon the product was
deposited as fine, glistening crystals.

(22) Barltrop, J. Chem. Soc., 958 (1946).

(23) ‘““Organic Syntheses,” Vol. 25, p. 55.

(24) Schwenk and Papa, J. Org. Chem., 10, 232 (1945).
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Indanones, Aminoindanones and Aminoindanols

Cyclization of the substituted phenylpropionic acids
was carried out as indicated in Table I.

5-Methoxy-6-hydroxyindanone.—Fifty grams of crude
hydroferulic acid (m. p. 85-88°), prepared by catalytic
hydrogenation of ferulic acid and evaporation of the
alcoholic solution to dryuess, was placed in a pint copper
retort. Four hundred grams of chilled anhydrous hydro-
gen fluoride was added, the top quickly clamped in place,
the retort swirled gently once and left overnight with the
side arm projecting into the vent of a good hood. The
amber liquid was then evaporated gently on the steam-
bath in a copper beaker to a purple paste and then to a
gray-purple powder. This was suspended in 8 to 10
liters of boiling water, treated with charcoal, filtered
quickly while hot, and allowed to cool; yield, 38.2 g.
(85%) of beautiful, long, golden needles, m. p. 192~
192.5°. Concentration of the filtrate to 3 liters gave 2.0
g. more, and re-extraction of the residue from the first
extraction with 750 cc. of boiling water gave an additional
0.8 g.; total yield, 41 g. or 91%,.

All cyclizations of this type attempted in open or parti-
ally covered copper beakers gave poor to negative results,
probably due to condensation of moisture from the air
on the cold walls of the beaker.

As indicated in Table I, the isonitrosoindanones were
prepared by three methods: using methyl nitrite and
anhydrous ethereal hydrogen chloride, butyl nitrite and
concentrated hydrochloric acid in methanol, or butyl
nitrite and dry hydrogen chloride gas in ether. In general
they had to be recrystallized at least twice to attain suf-
ficient purity to wundergo subsequent hydrogenation.
Conversion (two atmospheres pressure of hydrogen and
active palladium Norite) to the aminoketone hydrochlo-
rides was carried out in absolute alcoholic hydrogen
chloride, and these were then hydrogenated to the amino-
alcohol hydrochlorides in distilled water (Table II);
yields were practically quantitative. Occasionally an
elevated temperature and two or three additions of
catalyst were necessary to effect complete reduction.
The aminoindanone hydrochlorides are considerably less
soluble in alcohol than the aminoindanol hydrochlorides.
With both classes of compounds water was occasionally
added in small amounts to dissolve the product away
from the catalyst, and during recrystallization to keep
the volume down. Raney nickel and also PtO; (elevated
temperature) were used in the reduction of one of the
aminoketone hydrochlorides and were found to be satis-
factory catalysts. The hydroxymethoxyamine hydro-
chlorides seemed to be somewhat more unstable than the
corresponding dimethoxy compounds.

Oxazolidines and Benzylaminoindanols (Table III)

Preparation of the monosubstituted oxazolidines may
be illustrated by the formation of III from 5-methoxy-
aminoindanol hydrochloride.

Two and sixteen-hundredths grams (0.01 mole) of the
amino alcohol hydrochloride was heated under reflux for
six hours in 50 cc. of 959, alcohol with 1.20 cc. (0.012
mole) of benzaldehyde and 0.84 g. (0.01 mole) of sodium
bicarbonate. The solution was filtered from the sodium
chloride, concentrated to about one-third, excess water
added and the oily suspension chilled, giving 2.52 g.
(94%) of buff-colored solid. After recrystallization
(Norite) from about 15 cc. of 3A alcohol a product was
obtained which proved to be the free base of the starting
material.

The filtrate from the alcohol recrystallization of the
free base was treated with water and chilled, giving about
one gram of white solid, m_p.85°. Without purification
it was converted into the oxazolidine hydrochloride which,
after recrystallization from alcohol-ether, melted at
154.5° (dec.).

Anal. Caled. for CiyH;s0,NCl: C, 67.21;
N, 4.61. Found: C, 67.16; H, 5.69; N, 4.60.

Similarly in the disubstituted series attempts to prepare
the Schiff bases by treating the amino alcohol hydro-

H, 5797 ;
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TABLE I
INDANONES AND ISONITROSOINDANONES
Vield of
isonitroso-
Condensing Yield, indanone,
Indanone agent o %
4-OCH, HF, P;0;, AICK 0,0,0
5-OH HF* 89.5 78"
5-OCH, ° 89 964
6-OCH; AlCl, 80° 774
7-OH HF* 7
7-OCH, 4 85 88‘f
4,5-di-OCH, HF" 80-85 90°
4,6-di-OCH, HF 0
5-OCHy-6-OH  P,Os, HF* 0,80-91 81
5,6-di-OCH; " 92 95"
5,6-0,CH, HF, P.0; 0, 727 774

a For prep., see ref. 16. ®M. p., 212-214° (dec.).
¢ From the -OH compound. ¢ See ref. (25). °From a 3
g. batch; yield for larger batches much less; using HF
yield was 1%, recovery of starting material, 88%, see
ref. 10." / From the -OH compd., m. p., 99.5-100°;
anal: caled. for CpHpO:: C, 74.05; H, 6.21; found:
C, 74.09; H, 6.27. ¢ M. p. about 250° (dec.); anal.
caled. for CiH,O:N: C, 62.82; H, 4.74; N, 7.33;
found: C, 62.82; H, 4.74; N, 7.32. * Previously pre-
pared using P;0;, no yield given, see ref. (26); and
AICI; (yield good), see ref. (27). ¢ See ref. 28. 7 This
indanone unknown. # Previously prepared using H,SO,

{yield about 30%), rcf. 20. ! Prepared with butyl nitrite

in absolute CH;0H; recrystallized from 509 alcohol;
m. p. 240° (dec.); N: caled., 6.76; found, 6.89. ™ Pre-
pared from 5-methoxy-6-hydroxyindanone; m. p. 118.5°.
» Using method of ref. 1; 61% by method of ref. 30;
929, using methyl nitrite, see ref. 31. 2 Based on acid
added; 229, of starting material recovered; previously
prepared using AlCl; (yield 15%), ref. 32; P:0s (87%),
ref. 32; and since this work was completed, using SnCl
by the Friedel-Craft reaction (92%), ref. 22. ¢ For
preparation, see ref. 30.

chlorides with an equivalent amount of benzaldehyde and
sodium bicarbonate in 3A alcohol resulted in the formation
of oxazolidines in all cases; here, however, conditions
were such that two racemic mixtures of the latter could
often be isolated. For example, with 5,6-dimethoxy-
indanol hydrochloride two racemic mixtures of the oxazol-
idine were formed by this procedure, and also when a dry
fusion of the amine hydrochloride, benzaldehyde and
sodium acetate was made 7 vacuo at 100 to 150°; a dry
fusion at room temperature for several days gave smaller
yields of the desired products as well as some starting
material as the free base and some which analyzed as the
acetate of the starting base. The formation of isomeric
mixtures made estimation of yields as well as melting
points difficult.

In the case of 5,6-dimethoxyaminoindanol hydrochloride
the solid product, obtained by precipitation from the
reaction mixture with water, was recrystallized from ace-
tone—ether; fractionation resulted in separation of the
isomers. In the remainder of the disubstituted series
the oxazolidines were ether-soluble; the precipitate was
either recrystallized from dilute alcohol to separate the
isomers or converted to the hydrochloride prior to frac-
tionation from alcohol-ether.

(25) Chakravarti and Swaminathan, J. Ind. Chem. Soc., 11, 101
(1934).

(26) Perkin and Robinson, J. Chem. Soc., 2388 (1914).

(27) Ruhemann, Ber., 63, 280 (1920).

(28) Perkin and Robinson, J. Chem. Soc., 2389 (1914).

(29) Konek and Szamak, Ber., 66, 106 (1922).

(30) Perkin and Robinson, J. Chem. Soc., 1073 (1907).

(31) “Org. Synth.,” Coll. Vol. II, 1944, p. 363.

(32) Perkin and Robinson, J. Chem. Soc., 1084 (1907).
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TaBLE IT
AMINOINDANONES AND AMINOINDANOLS
Aminoindanone hydrochlorides Aminoindanol hydrochlorides
e Analyses, % Analyses, %
Ring M. p., Carbon Hydrogen Nitrogen M. p., Carbon Hydrogen Nitrogen

substituent °C. Caled. Found Caled. Found Caled. Found °C. Calcd. Found Caled. Found Caled. Found
5-OH @ . 54.17 54.18 5.05 5.10 7.02 7.12 °® 53.60 53.64 5.96 5.95 6.95 7.13
5-OCH3s 225-227 (dec.) 56.21 56.22 5.66 5.56 6.56 6.44 ¢ 55.68 55.78 6.54 6.62 6.50 6.54
6-OCH; a ) 56.21 56.32 5.66 5.68 6.56 6.65 ¢ 55.68 55.65 6.54 6.53 6.50 © 6.56
7-OCHj ! 56.21 56.39 5.66 5.62 6.56 6.47 170 (dec.) 55.68 55.69 6.54 6.68 6.50 -6.44
4,5-di-OCH; 185 (dec.) 54.21 54.16 5.79 6.02 5.75 5.48 183 (dec.) 53.77 53.94 6.56 6.64 5.70 6.02
5-OCH;-6-OH ¢ 48.49 48.49* 5.70 5.73» 5.66 5.73% 51.83 51.72 6.09 6.20 6.05 6.197
5,6-di-OCH; 245 (dec.) 54.21 54.11 5.79 5.8 5.75 5.82k 53.77 53.94 6.56 6.59 5.70 5.69™
5,6-0:CH: ® 52.80 53.05 4.41 4.47 6.16 5.98 P 52.80 52.60 5.25 5.22 6.10 6.08

e Discolors about 227 °; melts (dec.) only if immersed at 275°, otherwise gradual softening and decomposition. ? Dark-
ens at about 120°; no real melting even when immersed at 135°. ¢ Softens rapidly (dec.) when immersed at 165°, but
only slowly at 160°. ¢ Decomposes from 210 to 232° depending on rate of heating and temperature of immersion.
¢ M. p. (dec.) from 217 to 222° depending on rate of heating, etc. / Decomposes. about 250° when immersed at about
245°. ¢ Melts (dec.) when immersed at 300° or above. » Analysis caled. for monohydrate. * Melts (dec.) when im-
mersed at 258° or above. 7 Cl: caled., 15.31; found, 15.42. * Cl: caled., 14.56; found, 14.54. ! Darkens about 200°.
m Cl: caled., 14.43; found, 14.50; free base, from benzene—petroleum ether, m. p. 113-116°; anal.: calcd. for C;;H ;503N :
C, 63.16; H, 7.23; N, 6.70; found: C, 63.51; H, 7.21; N, 6.74. » Darkens about 230°; m. p. 243° (dec.). ? Melts
(dec.) when immersed at 240° or above.

TasLE III
OXAZOLIDINES AND BENZYLAMINOINDANOL HYDROCHLORIDES
Ozxazolidines (A) Benzylamines (B)
Ring Analyses, % - -Analyses, % ~
substit- Iso- M. p., Carbon Hydrogen Nitrogen Iso- M. p., Carbon Hydrogen Nitrogen
uents mers °C. Caled. Found Caled. Found Caled. Found mers °C. Calcd. Found Caled. Found Caled. Found
5-OCHj A-HC1 154.5 (dec.) 67.21 67.16 5.97 5.69 4.61 4.60 B-HCl 189.5 66.77 66.56 6.59 6.60 4.58 4.62
6-OCHs A-HC1 137% 67.21 * 5.97 b 4.61 b BHC 211-213 66.77 66.56 6.59 6.79 4.58 4.60
7-OCHj A-HC1 187.5° 67.21 67.01 5.97 5.97 4.61 4.64 B-HC1 181 66.77 66.75 6.59 6.75 4.58 4.52
4,5-di-OCH; A 90.5-93 72.71 72,79 6.44 6.19 4.71 4.89
A-HCl 148-150 64.75 65.10 6.00 6.43 4.19 4.33 B-HCl 168.5-169% 64.37 64.26 6.60 6.72 4.17 4.44
(dec.)
5,6-di-OCHsz A 165.5-166.5 72.71 72.95 6.44 6.65 4.71 4.99 B 143-144 72.20 72.23 7.07 7.02 4.68 4.52
A1-HC1 192 (dec.)® 64.75 65.04 6.00 5.99 4.19 4.35 B1-HCl 200 (dec.) 64.37 64.39 6.60 6.71 4.17 4.37
Az 123-124 72.71 72.54 6.44 6.44 4.71 4.70 B: 156-156.57 72.20 72.24 7.07 7.11 4.68 S
B:-HC1 184 (dec.) 64.37 63.90 6.60 6.69 4.17 4.44
5,6-0:CHz A 184.5-185.59 72.58 72.80 5.38 5.58 4.98 4.92 B 169.5-173 72.07 72.40 6.04 6.07 4.95 4.72
Az 95-96 72.58 72.83 5.38 5.67 B2 148-149.5% 72.07 72.03 6.04 6.40

e Approximate; free base melts about 80-82°. ¢ Compound hydrolyses progressively on recrystallization, even from
absolute alcohol-ether, giving a progressively higher decomposition point; enal. after 2 recrystallizations: C, 63.15; H,
6.33; N, 5.12. ¢ Free base, m. p. 150.5-152°, ¢ Obtained also a second crop, m. p. 180° (dec.) (isomeric?). ¢ Without
recrystallization; recrystallization, even from absolute alcohol, causes conversion into a product, darkening, but not melt-
ing, below 200°, and giving a m. p. depression with the unrecrystallized material; may result from hydrolysis to the origi-
nal aminoalcohol-HCl. / Mixed m. p. with B,, 130°; compound too highly charged to permit good combustions, or
any nitrogen analysis. ¢ Hydrochloride darkens about 191°, #» Mixed m. p. with B,, 136°.

During the work-up of several of the oxazolidines there Reductive Alkylations

were indications that these compounds were gradually . P .
hydrolyzing to yield benzaldehyde and the amino alcohol. %—Methociltyt-lf.-ltsopropyliam‘;no(lilzganol-l Hg doléochlclbr;dei.:
This was most apparent in the case of the 6-methoxy com~ 7 + OUr am irty-one rli S grams (0.02 mole) o
pound. Here the odor of benzaldehyde persisted through- 6-methoxy-2-aminoindanol-1 hydrochloride, 1.6 cc. (0.022

out the fractionation from dilute alcohol, even though mole) of acetone and 2.12 g. (0.02 mole) of sodium
the alcohol solutions were diluted with water at room Ccarbonate were shaken in a Parr hydrogenation apparatus

temperature. During the purification of the oxazolidine in the presence of 0.5 g. of pre-reduced Adams platinum
hydrochloride considerable amounts of the starting amino  catalyst in absolute ethanol under a hydrogen pressure
aicohol hydrochloride (identified by analysis and mixed Of two atmospheres. Hydrogenation was complete in an
melting point) were isolated. The oxazolidine hydro- hour and the filtrate from the catalyst was poured into
chloride (m. p. about 137° (dec.)) analyzed poorly, and cold ethereal hydrogen chloride and chilled. After re-
further recrystallization from absolute alcohol-ether crystallization from absolute alcohol the white crystals
caused the melting point to broaden and rise toward that melted at 214° (dec.).
of the amino alcohol; the filtrate from this yielded con- Anal. Caled. for C;sHO0,NCI: C, 60.57; H, 7.82:
siderable benéaldehyde, i?entiﬁed asl ;he diniflro%heny}- N, 5.44. Found: C, 60.54; H, 7.66; N, 5.29. }
hydrazone. onversion of the oxazolidine to the benzyl- 6-Metho . . . .

1 ¢ - p - xy-2-dimethylaminoindanol-1 Hydrochloride.—
amino alcohol was considered as sufficient evidence of This compound was prepared similarly to that above

structure. . .
. . . . except that slightly more than two molecular equivalents
Hydrogenation of the bases (platinum oxide or active of formaldehyde (as a 379, solution) were used. The

s ) lami hich
palladium charcoal) gave the desired benzylamines whic filtrate from the catalyst was concentrated to about a

were converted into the hydrochlorides. In some cases, : . :
however, it was found advantageous to hydrogenate the third before conversion to the hydrochloride. After

oxazolidine hydrochlorides to the benzylamine hydro- recrystallization the product melted at 215-215.5° (dec.).
chlorides, using active palladium charcoal; reaction was Anal. Caled. for CppH;30.NCl: C, 59.13; H, 7.44;
usually complete in about three quarters of an hour. N, 5.75. Found: C, 59.07; H, 7.23; N, 5.84.
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5,6-Dimethoxy-2-benzylaminoindanol-1 Hydrochloride.
—Four and ninety-one hundredths (0.02 mole)
of the primary aminoalcohol hydrochloride, 2.12 g. (0.02
mole) of freshly distilled benzaldehyde and 2.12 g. (0.02
mole) of sodium carbonate were added to a suspension of
freshly reduced Adams platinum catalyst in absolute
ethanol and the mixture subjected to hydrogenation at
three atmospheres pressure. The calculated uptake of
hydrogen occurred in thirty minutes after which the
suspension was warmed, {iltered from the catalyst and the
filtrate poured into chilled ethereal hydrogen chloride.
After chilling, the white precipitate was collected and
recrystallized several times from absolute alcohol. The
pure white, crystalline product melted at 181.5° (dec.).

Anal. Caled. for C;sHy,O;NCl: C, 64.37; H, 6.60;
N, 4.17. Found: C, 64.36; H, 6.58; N, 4.41.

In some cases starting material was isolated by the
addition of ether to the alcohol filtrate from the main
product.

5,6-Dimethoxy-2-isopropylaminoindanol-1 Hydrochlo~
ride.—By a procedure similar to that described above but
using acetone, there was obtained a product which, after
several recrystallizations from absolute alcohol, amounted
to 2.3 g. and melted at 190° (dec.).

James ENGLISH, JR., AND PauL H. GRISWoOLD, JR.
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Anal. CalCd. for CuHuO;NClZ C, 58.43; H, 7.71;
N, 4.87. Found: C, 58.54; H, 7.66; N, 5.05.

5,6-Dimethoxy-2-dimethylaminoindanol-1 Hydrochlo-
ride.—By a procedure analogous to that described above
but using one mole of formaldehyde there was obtained
no monomethylamine, but only the dimethylaminoindanol
hydrochloride, melting at 172° (dec.).

Anal. Caled. for Ci1sHO3NCl: C, 57.03; H, 7.36;
N, 5.12. Found: C, 56.87; H, 7.46; N, 5.58.

Summary

A series of thirty-six aminoindanones, amino-
indanols and N-substituted aminoindanols con-
taining one or more hydroxyl, methoxyl or methyl-
enedioxy groups in the aromatic ring, have been
synthesized. The nitrogen substituents were hy-
drogen, dimethyl, isopropyl and benzyl; the ben-
zylaminoindanols were prepared through the inter-
mediate oxazolidines and were in some cases iso-
lated in two racemic forms.

KALaMAzZ0O, MICHIGAN RECEIVED SEPTEMBER 29, 1947

[CONTRIBUTION FROM THE STERLING CHEMISTRY LABORATORY, YALE UNIVERSITY ]

The Structures of Some Isopropylidene-aldehydo-1-arabinose Derivatives

By jaMES ENGL

In a previous paper? the positions of the iso-
propylidene groups in di-isopropylidene-aldehydo-
L-arabinose and the products of its reaction with
CGrignard reagents were left indeterminate. An
extension of our work on C-substituted pentitols
has disclosed evidence leading to the establishment
of the structures of these arabinose derivatives in
both the p- and L- series.

The triacetone mannitol of Fischer? has been
shown by Wiggins* to be 1,2:3,4:5,6-triacetone
mannitol. A graded hydrolysis of this sub-
stance*® has been found to yield a diacetone man-
nitol which Wiggins has converted to an alde-
hydo-diacetone-p-arabinose by lead tetraacetate
oxidation. In view of the earlier work of Brigl
and Griiner® and of Baer and H. O. L. Fischer” the
structure of this arabinose derivative may be con-
sidered established beyond reasonable doubt as
2,3:4,5-diacetone-aldehydo-p-arabinose.

2,3 :4,5-Di-isopropylidene-aldehydo-p-arabinose
prepared by the method of Wiggins, or better
by periodate oxidation of the same starting ma-
terial, was treated with cyclohexylmagnesium
chloride to form a crystalline di-isopropylidene-1-
C-cyclohexylpentitol. This substance was found
to be the enantiomorph of the di-isopropylidene-

(1) Taken from the thesis presented by Paul H. Griswold, Jr., to
the Graduate School of Yale University in partial fulfillment of the
requirements for the degree of Doctor of Philosphy.

(2) J. English, Jr., and P. H. Griswold, Jr., THIS JoURNAL, 67,
2039 (1945).

(8) E. Fischer, Ber., 28, 1167 (1895).

(4) Wiggins, J. Chem. Soc., 13 (1946).

(5) Irvine and Patterson, ibid., 898 (1914). .

(6) Brigl and Griiner, Ber., 66, 931 (1933).

(7) H. O. L. Fischer and Baer, Hely. Chim. Acta, 17, 622 (1943).

eger Te A AT
ISH, jR., AND

H. CriswoLp, Jr.!

1-C-cyclohexylpentitol previously prepared in this
Laboratory? from di-isopropylidene-aldehydo-L-
arabinose. On recrystallizing an equimolar mix-
ture of the two enantiomorphs there resulted a di-
isopropylidene-p,L-1-C-cyclohexylpentitol which
gave a depression in mixed melting points with
both isomers.

In the preparation of di-isopropylidene-L-arabi-
nose diethyl mercaptal the intermediate monoiso-
propylidene derivative was obtained in a manner
analogous to that reported by Gitzi and Reich-
stein® for the p-isomer. Since this substance can
be converted into the di-isopropylidene derivative?
by excess acetone it is evident that the isopropyli-
dene group in this case must be on either the 2,3 or
the 4,5 carbon atoms. A lead tetraacetate oxida-
tion of monoisopropylidene-L-arabinose diethyl
mercaptal followed by removal of the mercaptal
and isopropylidene groups, led to a mixture from
which glyoxal was identified as its nitrophenyl-
hydrazone and dinitrophenylhydrazone. This
established the structure of this substance as 4,5-
isopropylidene-L-arabinose diethyl mercaptal,
since no other monoisopropylidene derivative
would be expected to yield glyoxal.

Hence it may be concluded that the positions of
the isopropylidene groups in this series are as
shown in the reaction scheme below.

It is worthy of note that in both the p- and r-
series the ratio of the two stereoisomeric pentitols
obtained in the reaction of aldehydo-di-isopropyli-
dene arabinose with cyclohexylmagnesium’ chlo-
ride is far from unity. In one case as much as

(8) Gitzi and Reichstein, #bid., 21, 914 (1938).
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L-arabinose diethyl mercaptal

3,4:5,6-di-isopropylidene-  4,5-monoisopropylidene-L-

D-mannitol arabinose diethyl mercaptal
H104l HIO4l,
CI:HO C'ZHO
HCO
HCO/ NoCH
HCO OCH
| >ipr 1pr< |
H,CO OCH,
| caungc l CsHuMgCl
CeHu CGHI!
CIZHOH CHOH
OCH HCO
" ;
—ipr ipr—|
H(:?O/ \O(llH
HCO . . OCH
| >1pr 1pr< |
H,CO OCH,
m. p. 756-76° m. p. 75-76
la]%D +27.2 [«]?%D —27.2

809, of the total 1-C-cyclohexylpentitol was ob-
tained as a pure isomer, crystallized to constant
rotation, and it has not yet been possible to isolate
any of the other anomer in pure form.

Experimental’

- 2,3:4,5-Di-isopropylidene-aldehydo-p-arabinose.—This
substance was prepared by oxidation of 3,4:5,6-di-iso-
propylidene-p-mannitol by the method of Wigginst with
a yield of 199,. Improved yields were obtained as fol-
lows.

In a well-stirred and cooled flask was placed a solution
of 31.4 g. of 3,4:5,6-di-isopropylidene-p-mannitol dis-
solved in 100 cc. of water. A solution of 28.8 g. of sodium
periodate in 450 cc. of water was added, maintaining
the temperature at 0-5°. The reaction mixture was
allowed to remain at this temperature for thirty minutes,
then saturated with salt and extracted with ten 100-cc.
portions of chloroform. After drying over sodium sulfate,
removing the solvent at room temperature and distilla-
tion, there was obtained 24.6 g. (899%) of colorless sirupy
2,3:4,5-di-isopropylidene-aldekydo-p-arabinose, b. p. 60-
65° (0.08 mm.). This compound was found to be un-
stable as shown by a change in rotation with time from
an initial [«]%?2D —18.2° in chloroform (¢, 13.5) to [a]%D
-+16 after standing for two months. Accordingly the
fresh preparations were used immediately for subsequent
operations.

1-C-Cyclohexyl-2,3:4,5-di-isopropylidene-p-arabitol .1
—To a solution of cyclohexylmagnesium chloride prepared
from 33.4 g. of chlorocyclohexane and 7.69 g. dry mag-
nesium in 100 cc. dry ether was added 22.5 g. of 2,3:4,5-
di-isopropylidene-aldehydo-p-arabinose in 100 cc. of ether.
The reaction mixture was refluxed for fifteen minutes,
cooled in ice, and decomposed with saturated ammonium
chloride solution. After ether extraction, drying over
sodium sulfate and removal of solvent at low temperatures
there remained a solid that was recrystallized from

(9) All melting points are corrected.

(10) These pentitols are referred to as arabitols to distinguish
them from the corresponding derivatives prepared from other alde-
hydo sugars. It is recognized that proper nomenclature must
await the establishment of the configuration of the new asymmetric
carbon atoms in this series.
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petroleum ether (30-60° b. p.). The yield was 18 g. of
1-C-cyclohexyl-2,3:4,5-di-isopropylidene-p-arabitol after
recrystallization to a constant melting point 75-76° and
constant rotation [«]?p -+27.2 in pyridine (¢, 2.8).
Anal. Caled. for C;7H3005: C, 64.94; H, 9.62. Found:
C, 64.96; H, 9.60.

1-C-Cyclohexyl-2,3:4,5-di-isopropylidene-p,L-arabitol.
—This substance was prepared by mixing saturated hot
petroleum ether solutions of the two enantiomorphs. On
cooling the p,L-form separated as large prisms with a
melting point 90° which could not be altered by further
recrystallization. Mixed melting points with both the
p- and L-forms were depressed. Amnal. Caled. for Cyy-
H;,0: C, 64.94; H, 9.62. Found: C, 65.05; H, 9.83.

1-C-Cyclohexyl-p-arabitol was prepared by the hy-
drolysis of its di-isopropylidene derivative as already de-
scribed for its enantiomorph.? After recrystallization
from ethanol to constant properties a crystalline product,
m. p. 148°, [«]?'D —12.6° in pyridine (¢, 5.2), was ob-
tained. On drying at 60° prior to analysis it was ob-
served that the rotation had changed to [a]?%D —15.0°
in pyridine (¢, 4.4). This same phenomenon was then
observed with the previously reported L-isomer which
was found to change to [«]?D -+ 15.0°. The loss of
weight corresponded to the loss of one molecule of ethanol
of crystallization in each case. Since the solvent is
reasily lost even in the melting point tube without much
change in crystal structure the melting points of both
the alcoholate and the free pentitol are apparently the
same.

Anal. Caled. for CquzOu'OszoH: C, 55.68; H,
10.06. Found: C, 55.75; H, 10.37. Calcd. for Cy;-
H»0;5: C, 56.34; H, 9.47. Found: C, 56.24; H, 9.33.
7.616 g. alcoholate lost 0.848 g. at 60°. Calcd. for
CanOs.Osz,OH: 0.8478 g.

4,5-Monoisopropylidene-L-arabinose Diethyl Mercap-
tal.—Thirty grams of L-arabinose diethyl mercaptal was
shaken with 600 cc. of dry acetone and 150 g. of an-
hydrous copper sulfate for three days. Some sodium
carbonate was added to insure freedom from acidity,
the solution filtered and evaporated at room temperature.
There was obtained 29 g. of crude product (m. p. 72°)
which was recrystallized from ether—petroleum ether to
yield pure 4,5-minoisopropylidene-L-arabinose, m. p.
75.6° and [«]%3D +7.6° in methanol (¢, 8.5). Giitzi and
Reichstein® reported the same melting point and [«]!%D
—7.4° in methanol for the p-form.

Anal. Caled. for C;3H20,S;: C,48.7; H, 8.2; Found:
C, 49.0; H, 8.3.

Lead Tetraacetate Oxidation of 4,5-Isopropylidene-L-
arabinose Diethyl Mercaptal.—A fine suspension of 15
g. of lead tetraacetate in 400 cc. of benzene was stirred
vigorously at room temperature with 10 g. of 4,5-di-
isopropylidene-L-arabinose diethyl mercaptal. In. ten
minutes all the oxidizing agent had been consumed. The
mixture was filtered and the benzene removed through a
fractionating column. The residue distilled at 48-52°
(14 mm.). After heating with 4 N sulfuric acid for ten
minutes the distillate yielded a crystalline p-nitrophenyl-
hydrazone. After recrystallization from nitrobenzene,
pure glyoxal p-nitrophenylhydrazone m. p. 306° (dec.)
was obtained. Amnal. Caled. for CisH;2O:Ng: N, 26.5.
Found: N, 25.9. The dinitrophenylhydrazone m. p.
321° (dec.) was also prepared. Anal. Caled. for
CuHmOsN: N, 26.8. Found: N, 27.0.

1-C-Cyclohexyl-1,2,3,4-tetraacetyl-5-trityl-p-arabitol
was prepared in the same manner as already reported for
the enantiomorphous pentitol. There was obtained an
82% vyield of pure material, m. p. 134°, [«]?*D +15°
pyridine (¢, 27.2). Amnal. Caled. for CssHuOo: C,
70.79; H, 6.88. Found: C, 70.80; H, 6.97.

Summary

The position of the isopropylidene groilps in
2,3:4,5-di-isopropylidene-p- and L-arabinose di-
ethyl mercaptal and related compounds has been
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established by conversion through p- and L-di-
isopropylidene-aldehydo-arabinose to enantio-
morphous, crystalline, 1-C-cyclohexylarabitols.
These substances have all been related to 3,4:5,6-
di-isopropylidene-p-mannitol of known structure.

The npogition of the isopropylidene group in 4,5-

FarLow, HUNT, LANGKAMMERER, LAZIER, PEPPEL AND SIGNAIGO
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isopropylidene-L-arabinose diethyl mercaptal has
been established by lead tetraacetate oxidation.

1-C-Cyclohexyl-1,2,3,4-tetraacetyl-5-trityl-p-
arabitol has been prepared.

New HAvVEN, CONNECTICUT
RECEIVED SEPTEMBER 20, 1047

[ConTRIBUTION NoO. 230 FROM THE CHEMICAL DEPARTMENT, EXPERIMENTAL STATION, E. I. DU PONT DE NEMOURS &
CoMpaNy]

1-Thiosorbitol

By M. W. FarrLow, MapisoN HunT,! C. M. LANGKAMMERER, WILBUR A. LAzIER,?2 W. J. PEPPEL? AND
F. K. SieNna1GO*

The deactivation or poisoning of hydrogenation
catalysts by even small amounts of sulfur, hydro-
gen sulfide, or sulfur-containing organic com-
pounds is a familiar phenomenon of hydrogenation
chemistry. Accordingly, the discovery in this
laboratory® that catalysts, such as cobalt polysul-
fide, function effectively in the conversion of alde-
hydes, ketones, and nitriles to thiols by hydrogen-
ation in the presence of sulfur or hydrogen sulfide
represents an important advance in this field.

Among the aldehydes and ketones to which this
reaction can be applied, sugars are of especial in-
terest since their hydrogenation in the presence
of hydrogen sulfide has made available for study a
variety of new polyhydroxyalkane monothiols.
This paper describes the preparation, properties,
and more interesting chemical reactions of 1-thio-
sorbitol® which is derived from D-glucose.

The preparation of thiosorbitol from p-glucose
by hydrogenation in the presence of sulfur can be
represented by the equations

catalyst
H; + S ——> H,S

CH;0HCH(CHOH);CHOH + H;S —>

[ cmondreiton bus
CH;OHCH(CHOH);CHSH | 4+ H:O

‘ ——O0—— ] catalyst
[CHzOHCH(CHOHhCHSH] + H, 2
CH,OH (CHOH),CH:SH

This mechanism is supported by the following
facts: (1) thioketones and thioaldehydes readily
hydrogenate to thiols under the conditions used
here; (2) aldehydes and ketones have not under-
gone hydrogenation to alcohols under the condi-
tions and with the catalysts used here; and (3)
alcohols and hydrogen sulfide have not yielded
thiols under these conditions. The reactions indi-

(1) Present address, Jackson Laboratory, E. I. du Pont de
Nemours & Co., Deepwater, N. J.

(2) Present address, Chas. Pfizer and Co., Brooklyn, N. Y.

(3) Present address, Jefferson Chemical Co., Inc., N. Y., N. VY.

(4) Present address, Rayon Department, Technical Division,
E. L. du Pont de Nemours & Co., Buffalo, N. V.

(5) Signaigo, U. S. 2,230,390, Feb. 4, 1941; Farlow and Signaigo,
U. S. 2,402,613, June 25, 1946.

(6) Lazier and Signaigo, U. S. 2,402,640, June 25, 1946.

cated have been carried out conveniently in pres-
sure equipment using an aqueous reaction medium,
free sulfur, and commercial dextrose. At 125-150°
and a hydrogen pressure of 1000-1500 1b./sq. in.
the reaction is complete in three to four hours.
There is obtained a good yield of crude thiosorbi-
tol sirup from which highly purified thiosorbitol
can be isolated by several procedures. The pre-
ferred method for the isolation of thiosorbitol in-
volves preparation and separation of the cuprous
salt which is suspended in ethanol and treated
with hydrogen sulfide to regenerate the free thiol.
The aqueous solution is evaporated to dryness,
and white crystalline 1-thiosorbitol, m. p. 92-93°,
is recovered in 25-30%, over-all yields by crystalli-
zation at low temperatures from alcohol. Nearly
pure varieties of thiosorbitol can be obtained by.
direct crystallization of concentrated crude sirup
from ethanol or by oxidation to the corresponding
disulfide, which is recrystallized and subsequently
cleaved by catalytic reduction in the presence of
sulfactive catalysts. Crude thiosorbitol sirup
contains organic sulfur compounds which are not
thiols. Some of these products are thought to be
the result of side reactions involving thioacetal
formation or dehydration of thiosorbitol to cyclic
sulfides. Low molecular weight cleavage products
are also present in crude sirup. Removal of these
prior to the above purification procedure is best
accomplished by steam distillation or by extract-
ing the aqueous reaction medium with an immis-
cible organic solvent.

1-Thiosorbitol is a white, crystalline, water-sol-
uble compound showing the reactions characteris-
tic of aliphatic mercaptans and of polyhydric al-
cohols. For example, oxidation with iodine in hot
absolute alcohol gives the corresponding disulfide
in excellent yields. The hexaacetate can be pre-
pared by treatment of thiosorbitol with fused so-
dium acetate and acetic anhydride at 100°. The
corresponding benzoate was obtained as a sirup.

Reaction of 1-thiosorbitol in alkaline dioxane
with #-dodecyl bromide yields n#-dodecyl 2,3,4,5,6-
pentahydroxyhexyl sulfide.

Perhaps the most unusual property of 1-thiosor-
bitol is its ability to form water soluble salts with a
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variety of heavy metals.” For example, aqueous

1-thiosorbitol solutions dissolve silver chloride
readily with the liberation of hydrochloric acid.
Similarly, 1-thiosorbitol forms soluble salts with
Cut, Cutt, Fet+, Pb++, Hg++ Sn++ Ni++ and
Znt** jons. The ability of thiosorbitol to retain
these heavy metals in solution in the presence of
the usual precipitating negative ions indicates a
very low degree of ionization of the thiosorbitol
heavy metal derivative. Hydrogen sulfide, how-
ever, generally precipitates the metals from thio-

sorbitol solutions. The preparation of the cuprous
salt is described in connection with the purification
of 1-thiosorbitol.

The general process described in the experimen-
tal part for the conversion of p-glucose to 1-thio-
sorbitol has been applied successfully to other sug-
ars such as sucrose, maltose, p-fructose and sol-
uble starches. In these cases, the products were
sirups from which pure crystalline polyhydroxy-
alkane thiols have not been isolated.

Experimental

Preparation of Cobalt Sulfide Catalysts.—To 1500 ml. of
water in a vessel of 2-liter capacity provided with a stirrer
was added 240 g. of Na,S-9H,0 and 64 g. of sulfur and the
whole was stirred until the sulfur was dissolved. The
filtered solution was added over a ten to fifteen-minute
period to a solution of 242 g. of CoCl;-6H:0 in 1700 ml.
of water contained in a vessel of 4-5 liter capacity equipped
with a large paddle stirrer. After the addition, stirring
was continued for another half hour. The catalyst was
collected by suction filtration and washed with water on
the funnel until the filtrate was colorless. The 750-1000
g. of hard paste obtained contains approximately 150 g.
of cobalt polysulfide (CoS;) and is 15-209%, solids. If it
is not to be used at once, it should be stored out of contact
with air.

Preparation of 1-Thiosorbitol.—A 3-gallon, stainless
steel, horizontal autoclave equipped with stirrer was
charged with 1500 g. of p-glucose, 800 g. of sulfur, 2500
g. of water and 1000 g. of 15%, cobalt polysulfide catalyst
paste prepared as described above. The autoclave was
then sealed and hydrogen introduced from high-pressure
storage tanks until the total pressure was 1000 1b./sq. in.
The autoclave and contents were heated to a temperature
of 125° and maintained at this temperature. = The pressure
dropped as a result of the reaction of hydrogen with sulfur
and additional hydrogen was forced into the autoclave to
maintain a pressure of 1000 1b./sq. in. The temperature
was then raised to 150° and the pressure was raised to
1500 1b./sq. in. These conditions were maintained for a
period of three hours at the end of which time absorption
of hydrogen had practically ceased. Excess hydrogen
and hydrogen sulfide were vented from the cooled auto-
clave and then the product was rinsed out with 700 ml.
of water. The reaction mixture was filtered to remove
catalyst and then evaporated to one-half its original volume
at 60° and at 40 mm. pressure. If all the water is re-
moved, 1430 g. of a sirup containing about 13% thiol
sulfur and 159, total sulfur is obtained. The viscous
liquid remaining from the evaporation was diluted with
2000 g. of water and converted into a solution of the
cuprous salt by adding 563 g. of powdered cuprous oxide
with stirring at a temperature of 55°. The reaction mix-
ture was kept under an atmosphere of nitrogen during
this and subsequent operations. The solution -of the
cuprous salt was added slowly with vigorous stirring to
13 liters of methanol to precipitate the cuprous salt, which
was then separated by filtration and washed twice on the

(7) Peppel and Signaigo, U. S. 2,410,844, November 12, 1946.
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filter with 1500-ml. portions of methanol. The copper
salt was suspended in 2400 g. of 909, ethanol in a 3-gallon
stainless steel autoclave and treated with hydrogen sul-
fide under 500 1b./sq. in. pressure until no further pressure
drop was observed. The contents of the autoclave were
rinsed out with 400 g. of absolute alcohol. The cuprous
sulfide was removed by filtration, and the filtrate was
treated with 20 g. of carbon black and refiltered. The
alcohol solution was evaporated to dryness at 50° and 28
mm. pressure. Seven hundred milliliters of absolute
alcohol was added and the evaporation procedure repeated
to complete removal of water. The thiosorbitol residue
was dissolved in 700 ml. of warm absolute alcohol and
filtered. The solution was cooled first to room tempera-
ture and finally was kept at 5° overnight. The crystalline
1-thiosorbitol which separated was filtered and washed
with cold absolute alcohol and finally with ethyl ether.
After drying <» vacuo, the resulting white crystalline
non-hygroscopic material, m. p. 92-93°, weighed 427 g.
(279%, yield based on d-glucose). By titration with stand-
ard iodine solution it was found to contain thiol groups
corresponding to a purity of 96.29, 1-thiosorbitol.

Anal. Calced. for CgH105S: C,36.3; H,7.12. Found:
C, 36.7,36.7; H,7.2,7.2

1-Thiosorbitol is readily soluble in water, pyridine,
ethylene glycol, and formamide. It is insoluble in ben-
zene, petroleum ether, carbon tetrachloride and carbon
disulfide. At 20°, 100 ml. of absolute ethanol, dioxane,
ethyl ether, trichloroethylene and acetone, respectively,
dissolve 1.7 g., 1.2 g., 0.016 g., 0.016 g. and 0.010 g. of
1-thiosorbitol. 1-Thiosorbitol has a specific rotation
in water of [«]?™D —1.9 at 29, concentration and 27° in
a tube 40 cm. in length.

1-Thiosorbitol Disulfide.—Ten grams of 1-thiosorbitol
dissolved in 50 ml. of hot absolute alcohol was treated
with alcoholic iodine until the iodine color persisted. The
solution was then filtered and cooled overnight to allow the
product to separate. Recrystallized from alcohol, eight
grams of disulfide (809, yield), m. p. 128-130°, was ob-
tained.

Anal. Caled. for C12H2605S::
C,386.7; H,6.9.

The decaacetate of thiosorbitol disulfide was prepared
by treatment with fused sodium acetate and acetic an-
hydride, m. p. 125-130°.

Anal. Caled. for CiHy090S::
7.82.
1-Thiosorbitol Hexaacetate.—Two grams of thio-
sorbitol and 1 g. of fused sodium acetate were treated with
10 ml. of acetic anhydride and heated at 90-100° for three
hours. The product was poured into water and washed
by decantation several times. The solid product purified
by recrystallization from aqueous alcohol melted at 87—
89°.

Anal. Caled. for C;3H26011S: C, 48.0; H, 5.8. Found:
C, 48.4; H, 6.0.

The corresponding benzoate obtained by the reaction
of benzoyl chloride with 1-thiosorbitol in pyridine could
not be induced to crystallize.

S-Dodecyl-1-thiosorbitol.—Twenty grams of 1-thio-
sorbitol was dissolved in 50 ml. of water and 4 g. of
sodium hydroxide added. To this was added 25 g. of
dodecyl bromide in 50 ml. of dioxane and the mixture
heated under reflux for two hours. The solid which
separated on cooling was washed with water, dioxane and
igl'}%r Thirty-one grams (849,) was obtained, m. p.

Anal. Caled. for CisH33058: C, 58.95; H, 10.48; S,
8.73. Found: C, 58.12; H, 10.37; S, 8.45.

Summary
1-Thiosorbitol has been prepared by the hydro-
genation of p-glucose in the presence of sulfur.
Methods for the isolation and purification of this
new polyhydroxyalkane thiol have been described.

C,36.6; H,6.7. Found:

S, 7.87. Found: S,
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1-Thiosorbitol has been found to undergo nor-
mal mercaptan reactions such as oxidation to the
disulfide, acylation, and etherification with alkyl

ERrIicH BAER AND MORRIS KATES
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halides. In addition, it has been observed to form
water-soluble salts with a variety of heavy metals.
WILMINGTON, DELAWARE RECEIVED OCTOBER 30, 1947

[CONTRIBUTION FROM THE BANTING AND BEST DEPARTMENT OF MEDICAL RESEARCH, UNIVERSITY OF TORONTO]

L-a-Glycerylphosphorylcholine

By EricH BAER AND MORRIS KATES!

Studies with labelled choline (N1%) and radioac-
tive phosphorus (P32) have shown that a rapid met-
abolic turnover of phospholipids, particularly of
the small intestine, liver and kidney, takes place.
These. observations evoke considerable interest in
the role of glycerylphosphorylcholine (G.P.C.) as
an intermediary metabolite, since it is highly
probable that this diester plays an essential part
in the biosynthesis and the turnover of lecithins.
Until quite recently (1945) an investigation of the
metabolic fate of the diester was difficult because
it was not obtainable in sufficient quantity or pu-
rity.

Attempts to isolate G.P.C. from biological ma-
terial have been made frequently. In 1935 Con-
tardi and Ercoli? incubated lysolecithin with puri-
fied rice bran extracts and observed the formation
of a water-soluble organic phosphate. Although
this substance was not isolated in pure state, its
behavior indicated that it was 'a glycerylphos-
phorylcholine. Kahane and Lévy?® on hydrolysis
of egg yolk lecithin with lecithinase B (rat intes-
tine) obtained a choline derivative of glycerophos-
phoric acid which was soluble in water, methanol,
ethanol and insoluble in acetone, Further experi-
mental work strongly suggesting the presence of
G.P.C. in commercial preparations of dried beef
pancreas,* and in tissue of fresh heart muscle of
frogs and rabbits® has been reported.

Schmidt, Hershman and Thannhauser® suc-
ceeded in isolating from beef pancreas autolysates
levo-rotatory G.P.C. in fairly pure form and were
able to establish its constitution as that of the
choline ester of a-glycerophosphoric acid. Utiliza-
tion of a biological source, however, does not lend
itself readily to the preparation of G.P.C. on a
laboratory scale in amounts exceeding a few grams.

During the past ten years much of the work in
this Laboratory has been directed toward the syn-
thesis of optically pure enantiomers of asymmet-

(1) This paper forms part of a thesis which will be submitted by
M. Kates to the Department of Chemistry, University of Toronto,
in partial fulfillment of the requirements for the degree of Doctor of
Philosophy. An account of this work was presented before the
Canadian Physiological Society, at the London (Ontario) meeting,
October 2425, 1947.

(2) A. Contardi and A. Ercoli, Arch. sci. biol., 21, 1 (1935).

(3) E. Kahane and J. Lévy, Compt. rend., 219, 431 (1944).

(4) E. J. King and M. Aloisi, Biochem. J., 89, 470 (1945).

(5) G. L. Cantoni and A. W. Bernheimer, Fed. Proc. Am. Soc.
Exp. Biol. (Part II), Vol. 6, No. 1, 315 (1947).

(6) G. Schmidt, B. Hershman and S. J. Thannhauser, J. Biol.
Chem., 161, 523 (1945).

rically substituted glycerol derivatives. In the
desire to extend our synthetic endeavours to the
field of the phospholipids and in the hope of being
able to supply the biochemist with a much needed
material, the synthesis of L-a-G.P.C., a substance
closely related to the lecithins, was attempted.

In a previous communication’ it was shown
that the optically active a-glycerophosphoric acid
isolated from lecithins belongs to the L-series and
can be synthesized by phosphorylation of p(+)-
acetone glycerol. The use of the latter substance
insured simultaneously the position of attach-
ment of the phosphate group and the desired L-
configuration of the a-glycerophosphoric acid.?
It was tc be expected that the «-G.P.C. obtained
from lecithin would have the same configuration
and should be obtainable in a similar manner by
esterification of phosphoric acid with p(+ )acetone
glycerol and choline. The synthesis, especially
the phosphorylation step offered, however, a num-
ber of technical difficulties which had to be over-
come before a procedure could be found which
would give consistently satisfactory yields of
glycerylphosphorylcholine. The method of syn-
thesis of L-a-G.P.C. which was finally adopted and
the steric relationships of the various interme-
diate compounds are illustrated in the accom-
panying reaction scheme. After trying numerous
phosphorylation procedures it was found that the
intermediary acetone glycerylphenylphosphoryl-
choline chloride (C-Cl) is obtainable in adequate
amounts by phosphorylation of p(+)acetone glyc-
erol with phenylphosphoryl dichloride in the
presence of quinoline, followed by esterification of
the reaction product with choline in the presence
of pyridine. The isolation of the choline ester
from the reaction mixture was greatly facilitated
by the observation that its reineckate, in contrast
to the reineckates of pyridine and quinoline, precip-
itates from an alkaline-aqueous solution and can
be separated from the similarly alkali-insoluble
reineckates of choline and other choline-contain-
ing reaction products by means of its solubility in
ethyl acetate. The reineckate of (C) was con-
verted to the corresponding sulfate (C-SO./2)
before removing the protective phenyl and acetone
groups in order to avoid complications introduced

(7) E. Baer and H. O. L. Fischer, ibid., 128, 491 (1939).
(8) An optically active a-momnoglyceride is considered as being

related to the glyceraldehyde which would be obtained by oxidation
of the y-carbon atom.
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by the reineckate ion. It was found that the or-
der of removal of these groups was a decisive fac-
tor in obtaining L-a-glycerylphosphorylcholine.
All attempts to prepare the diester by removing
first the acetone group of (C-SO4/2) failed because,
at the pH required for its removal, liberation of
choline and « 5 8 migration of phosphoric acid
took place. In contrast, when the phenyl group
of (C-S04/2) was removed first, the resulting ace-
tone glycerylphosphorylcholine (D-SO./2) was
found to be stable enough to permit its deacetona-
tion within the pH-range of 1.5-2.5 without simul-
taneous liberation of choline or phosphoric acid mi-
gration to give a good yield of the diester (E).

The synthetic L-a-G.P.C. was obtained as a
colorless, hygroscopic and viscous liquid in an
over-all yield varying from 35-40%; [a]?®p
—2.85° (%0.1°) in water (average of 15 prepara-
tions). The diester is fairly stable in aqueous solu-
tion at room temperature within the pH-range of
1.5 to 7; in alkaline solution or in strongly acid
solution, however, it is rapidly hydrolyzed. The
cleavage of its choline-phosphoric acid linkage is
also effected by the recently described enzyme
preparation from carrots.? The diester is precipi-
tated from alcoholic solution by ammonium
reineckate or cadmium chloride.

The synthetic L-a-G.P.C. was shown to con-
tain neither inorganic phosphate nor free choline.
It analyzed correctly for CsHyO/NP and its mo-
lecular ratio of choline : phosphoric acid : a-glycerol
ester corresponded very closely to the theoretical
value of 1:1:1. The diester was further charac-
terized by means of an amorphous cadmium chlo-
ride compound ([a]p —1.2°) and a crystalline
cadmium chloride compound (m. p. 100-102°;
[a]lp —1.4°), both of which were obtained in ex-
cellent yields. On the basis of the analytical
data formula [CsH0O,;NPJ,-[CdCly]; had to be as-
signed to the amorphous compound and formula
[CsH»O;NP][CdCL]-2H,0 to the crystalline com-
pound. On decomposition of the two cadmium

chloride addition compounds with silver carbon-.

ate the L-a-G.P.C. was recovered unchanged
([a]p —2.9°).

The properties of the synthetic L-a-G.P. C
were similar to those described by Schmidt,
Hershman and Thannhauser for the natural
G.P.C. except that the rotation of the synthetic
diester was considerably lower than that reported
for the biological diester ([a]p — 4.87°). This
discrepancy could be accounted for either by a
partial inactivation of the synthetic a-diester dur-
ing the later stages of the synthesis or by contam-
ination of the biological diester with compounds of
high optical activity.

First of all attempts were made to establish the
optical purity of the synthetic diester by degrada-
tion to the well known L-a-glycerophosphoric
acid.” The glycerophosphoric acid obtained by

(9) D. J. Hanahan and I. L. Chaikoff, J. Biol. Chem., 168, 233
(1947); 169, 699 (1947).
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acid or alkaline hydrolysis had, however, a much
lower rotation than that reported for the syn-
thetic compound and, depending on the method
of hydrolysis, containing varying proportions of
L-a-, D,L-a- and B-glycerophosphoric acid. The
formation of B-glycerophosphoric acid from pure
a-G.P.C. must have been caused by acyl-migra-
tion during hydrolysis. In order to prevent this
migration attempts were made to block both alco-
holic hydroxy groups by methylation. The low
solubility of the G.P.C. in all solvents commonly
used in etherification procedures made the com-
plete methylation of the glycerol-moiety impos-
sible. After several other unsuccessful attempts
to establish the optical purity of the synthetic L-
a-G.P.C. by relating it to L-a-glycerophosphoric
acid, work in this direction was abandoned.

It was then decided to repeat the isolation of
G.P.C. from autolyzed beef pancreas as described

(10) The guiding principles in establishing the steric classification
of the enantiomeric glycerides and related compounds are outlined

by H. O. L. Fischer and E. Baer in J. Biol. Chem., 128, 475 (1939),
and in Chem. Rev., 29, 287 (1941).
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by Schmidt, Hershman and Thannhauser. In
view of the complex nature of the autolysate, it
was considered possible that small amounts of
impurities of high optical activity might still be
associated with the product obtainable by this
procedure. The rotation of the G.P.C. obtained
by us was even higher than that reported by
Schmidt, et al. However, several repetitions of
the Amberlite treatment gradually removed the
basic impurities and lowered the rotation to a
point where it became not only constant ([«]p
—2.8°) but was in complete agreement with that
of the synthetic diester. Furthermore, the crystal-
line cadmium chloride addition compound ob-
tained from the highly purified natural diester was
identical with the corresponding compound of
the synthetic glycerylphosphorylcholine. The
identity of the natural levorotatory G.P.C. and
the synthetic L-a-G.P.C. was thus established be-
yond doubt. The L-configuration, as anticipated,
must therefore be assigned to the natural diester.
The fact that the optical activities of both com-
pounds, each obtained by a different procedure,
and those of their derivatives are in complete
agreement suggests with high probability that the
synthetic L-a-G.P.C. is optically pure, the possi-
bility that both compounds have been inactivated
to the same extent being remote.

By means of the same series of reactions as de-
scribed for the synthesis of L-a-G.P.C., but start-
ing with L(— )acetone glycerol or racemic acetone
glycerol, p-a- or D,L-a-G.P.C. are obtainable. In
the course of the present investigation the racemic
a-G.P.C. has been prepared. Since, however, its
synthesis is identical with that of the optical iso-
mer only the physical and analytical data of the
diester and its intermediary compounds are re-
ported.

A kinetic study of the acid and alkaline hydroly-
sis of the L-a-G.P.C. has shown that the liberation
of choline is accompanied by a reversible phos-
phoric acid migration resulting in the formation of
a mixture of L-a-, D,L-a- and B-glycerophosphoric
acid. The close relationship of a-G.P.C. to leci-
thins permits the prediction of similar chemical
changes on subjecting lecithins to acid or alkaline
hydrolysis. A detailed account of this work which
seems to invalidate the methods commonly used
in the elucidation of the structure of lecithins, will
be published elsewhere. In the light of these find-
ings a critical re-examination of the data in the
literature has raised serious doubts as to the
natural existence of B-lecithins.

The synthesis of the enantiomeric forms (as well
as the racemic form) of a-lysolecithins!® and a-
lecithins of known constitution and configuration
vta the corresponding enantiomers of «-G.P.C.
has now become possible. Work along these lines
is in progress in this Laboratory.!? The synthetic

(11) The a indicates the position of the phosphoric acid.

(12) . Attempts to prepare optically active lecithins via the enantio-
meric forms of a,8 diglycerides by means of the double phosphoryla-
tion procedure are also being made.

EricH BAER AND MORRIS KATES

Vol. 70

a-glycerylphosphorylcholines and the synthetic
a-lecithins should be ideal substrates in studies
concerning the specificity of the enzymes respon-
sible for the cleavage of the various phosphatide
linkages.

Finally it should be inentioned that the synthe-
sis described in this paper should make possible
the preparation of a-G.P.C. or of a-lecithins with
all or some of their groups labelled by the use of
(1) acetone glycerol containing deuterium,?!3
(2) choline with heavy nitrogen, (3) phenylphos-
phoryl dichloride with radioactive phosphorus and
(4) fatty acids containing deuterium or preferably
heavy carbon.

Experimental Part

I. Synthesis of L-a-Glycerylphosphorylcholine

Monophenylphosphory!l Dichloride.l*—The chloride was
prepared according to Jacobsen,!® using, however, the
slightly modified procedure reported by Brigl and Miil-
ler,'4 which yields in approximately equal amounts mono-
phenylphosphoryldichloride and diphenylphosphoryl mono-
chloride. The acid chlorides were separated and care-
fully purified by fractional distillation iz vacuo. Boiling
point of the pure phenylphosphoryl dichloride 107-109°
(9 mm.)).

p(+)Acetone Glycerol.—The glycerol derivative was
prepared according to the simplified procedure reported
by Fischer and Baer.!®* The reduction, hiowever, was
carried out at atmospheric pressure, using Raney nickel
catalyst.!” It should be noted that the yields of L-@-
glycerylphosphorylcholine reported in this communication
are obtainable only by using preparations of p(+)acetone
glycerol with specific rotations ranging from -+413.5°
to +14.0°. Preparations of lower optical activity con-
tain moisture; their use reduces greatly the yield of the
diester.

Acetone Compound of L-a-Glycerylphenylphosphoryl-
choline: Phosphorylation, Step 1.—In a 500-ml. round-
bottomed, two-necked and thick-walled flask equipped
with a mercury-sealed, motor-driven stirrer and dropping
funnel were placed 18.2 ml. (0.123 mole) of monophenyl-
phosphoryl dichloride, 16.2ml.* (0.138 mole) of dry quino-

(13) H. Erlenmeyer, H. O. L. Fischer and E. Baer, Helv. Chim.
Acta, 20, 1012 (1937).

(14) Phosphorus oxychloride, widely used as a phosphorylating
agent, has the disadvantage of giving rise to the formation of phos-
phorus-containing by-products which are not only difficult to remove
but also reduce the yield considerably. Most of the undesired effects
associated with the use of this agent may be avoided by utilizing its
phenyl esters. The successful use of the diphenylphosphoryl-
chloride as a phosphorylating agent has been reported frequently
during recent years but the first successful application of phenyl-
phosphoryl dichloride for the preparation of mixed diesters of phos-
phoric acid will be described in this communication. Cf. P. Brigl
and H. Miiller, Ber., 72, 2121 (1939). This reagent should prove
useful in the synthesis of other compounds of biological interest.

(15) G. Jacobsen, Ber., 8, 1519 (1875).

(16) E. Baer and H. O. L. Fischer, J. Biol. Chem., 128, 463 (1939).

(17) A detailed description of the most recent procedure for the
preparation of p(--)acetone glycerol will appear in ‘““Biochemical
Preparations’ as a part of the preparation of L-a-glycerophosphoric
acid.

(18) Quinoline of a good commercial grade was dried over potas-
sium hydroxide and fractionated within narrow limits of boiling point.
By substituting pyridine for quinoline in Step 1, only very smail
amounts of the acetone compound of glycerylphenylphosphoryl-
choline are formed in Step 2, presumably because of the increased
formation of di-(acetone-glyceryl)-phenylphosphate in Step 1.
This assumption is supported by the observation of E. Fischer and
E. Pfahler, Ber., 53, 1606 (1920), that the tendency of phosphorus
oxychloride to react simultaneously with more than one of its chlo-
ride groups is greater in pyridine than in quinoline.
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line!® and 50 to 60 ml. of glass beads (6—~7 mm. diameter).1®
The flask was immersed in a cold bath (—10°) and 16.15
g. (0.123 mole) of freshly prepared p(+)acetone glycerol
was added dropwise in the course of four to five minutes
to the vigorously stirred phosphorylating mixture. After
five minutes the cold-bath was removed and the mixture
allowed to come to room temperature. The reaction
product, acetone-L-a-glycerylphenylphosphoryl chloride,
was not isolated.

Phosphorylation, Step 2 .—The reaction mixture was
immediately broken up as quickly as possible, covered
with 100 ml. of dry pyridine® and vigorously stirred until
a fine suspension was formed. To this suspension were
added 15.8 g. (0.115 moles) of dry choline chloride?!
and 90 to 100 ml. of glass beads. The stirring was con-
tinued for a period of at least forty hours.22

Isolation of the Phosphorylation Product as Reinecke
Salt.—The reaction flask was attached to a receiver and
the mixture concentrated in vacuo (bath 40°) to a sirup.
The residue was poured with stirring into 450 ml. of an
ice-cold sodium carbonate solution (60 g. of anhydrous
sodium carbonate in 600 ml. of water). The remainder
of the carbonate solution was used to rinse the flask and
glass beads. The combined aqueous solutions were freed
from suspended quinoline by centrifugation and the
aqueous layer poured through a wet filter into a freshly
prepared solution of 53-55 g. of ammonium reineckate??
in 1800 ml. of distilled water containing 10 g. of sodium
carbonate.?* After the addition of a small amount of
filter-aid (Hyflo-Super-Cel) the mixture was filtered
with suction. The precipitate was washed thoroughly
with water and dried s»n vacuo over solid sodium hydroxide
and phosphorus pentoxide to constant weight. The dry
reineckate was powdered, extracted by stirring with 700
ml. of dry ethyl acetate?® and the suspension was sharply
centrifuged. The extraction of the reineckate was re-
peated with successively smaller amounts of ethyl acetate
until the extracts were only faintly colored. Seven to
eight extractions, using a total of 2200 ml. of ethyl ace-
tate, were required. The combined extracts, if neces-
sary, were cleared by centrifugation. The supernatant
liquid was concentrated ¢z vacuo to a volume of approxi-
mately 100 ml. and the concentrate diluted gradually with
500 ml. of dry and ethanol-free ether. The precipitate
was filtered off with suction, washed thoroughly on the
filter with ether and dried 7» vacuo. The yield of already
fairly pure reinecke salt of acetone-L-a-glycerylphenyl-
phosphorylcholine varied from 38 to 47 g. (45 to 556%);
m. p. 136.5-137.5°. The reineckate is readily soluble in
acetone or ethyl acetate, less soluble in ethanol and in-
soluble in water, ether or benzene. For analytical pur-
poses only, the reineckate was crystallized from 95%,
ethanol; prisms, m. p. 137.0-137.5°.

(19) By the use of glass beads the choline chloride is brought into
a finely dispersed state and the formation of a sticky gum, which
would enclose unreacted material, is minimized. The efficiency
of the phosphorylating procedure is thus greatly increased.

(20) This base rather than quinoline was used in the second step
of the phosphorylation because of the greater activity of the phos-
phorus oxychlorides in pyridine. Pyridine of a good commercial
grade was refluxed over barium oxide and distilled with exclusion of
moisture.

(21) The choline chloride was thoroughly dried in wacuo over
phosphorus pentoxide at 56°.

(22) The reaction vessel was partially immersed in a large water-
bath (20-25°) to prevent a rise in temperature due to the friction
of the glass beads. Otherwise a marked darkening of the reaction
mixture occurs.

(23) The commercial ammonium reineckate is often not suffi-
ciently pure. It was found more economical to prepare the ammo-
nium salt as described in ‘“Organic Syntheses,’”” Coll. Vol. II, p. §55.

(24) The alkalinity of the dilute sodium carbonate solution suf-
fices to prevent the precipitation of pyridine reineckate and quinoline
reineckate.

(25) Ethyl acetate, if moist, also dissolves some of the impurities.
It suffices to dry the commercial ethyl acetate with anhydrous potas-
sium carbonate.
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Anal. Calced. for C21H3506N7S4PCI‘ (692.6)! C, 36.4;
H, 5.52; N, 14.15; P, 4.47. Found: C, 36.5; H, 5.32;
N, 14.08; P, 4.41.2¢

Conversion of the Reineckate to the Sulfate.—Ten
grams of the reineckate?” was dissolved in 40 ml. of acetone
and the solution was diluted with 60 ml. of 959, ethanol.
To this solution wasadded gradually and with cooling a luke-
warm 19, aqueous silver sulfate solution (approximately
225 ml.) until the precipitation of the silver reineck-
ate was complete. The precipitate was removed by
centrifugation, washed with 95% ethanol and the combined
supernatants were concentrated in vacuo as rapidly as
possible to a volume of approxlmately 50-60 ml. at a bath
temperature not exceeding 40°.22 Remaining traces of
the original reineckate were decomposed by the dropw1se
addition of a dilute silver sulfate solution. The silver rein-
eckate was removed, the solution taken to dryness under
reduced pressure (bath 35 to 40°) and the residue dried in
a vacuum of 0.5 mm. The crude sulfate (5.1 g.) was dis-
solved in 25-30 ml. of 999, ethanol, freed from insoluble
material (100-300 mg.) and the solution taken to dryness
in vacuo. At this stage the sulfate (4.8 g., 79%) is a
glass-like mass which is pure enough for further processing.
The sulfate can be obtained in crystalline state by taking
it up with warm, dry acetone (7 ml./g.) and keeping the
mixture overnight in the ice-box (-+5°); recovery ap-
proximately 85%,.

For analytical purposes the crystalline sulfate was puri-
fied further by dissolving it in 999, ethanol, centrifuging
the suspension, evaporating the supernatant liquid iz
vacuo to a small volume and adding gradually dry acetone
to the concentrate until crystallization set in. After
five minutes another portion of dry acetone equal to the
first was added and the mixture kept in an ice-box for
twenty-four hours. The hygroscopic crystals were
filtered rapidly with suction, washed with a small portion
of anhydrous acetone and dried % vacuo over fresh calcium
chloride. Recovery of sulfate approximately 50%:;
m. p. 108-109.5° (sint. 101°); [«]?2’D —8.3° in water
(¢, 7.8); [«]?®p —8.0° in dry ethanol (¢, 6.1).2°

The strongly hygroscopic sulfate is readily soluble in .
water or ethanol, sparingly soluble in cold acetone or
dioxane and insoluble in ether. Amnal. Caled. for C;Hss-
O;sN.P:S (844.5): C, 48.25; H, 6.91; N, 3.31; P, 7.34;
S04 11.37; acetone, 13.70; choline, 28.8. Found: C,
48.95; H, 7.06; N, 3.29; P, 7.17; SO4 11.18; acetone,
13.35; choline,?® 28.8.

-a—Glycerylphosphorylcholme Removal of the Phenyl
Group by Reductive Cleavage.—Sixteen grams of the
L-a-glycerylphenylphosphorylcholine reineckate?’” was
converted into the crude sulfate as described above.
The sulfate (8.5 g.) was dissolved in 80 ml. of 999,
ethanol and freed by centrifugation from insoluble ma-
terial. The clear solution together with 2 g. of platinic
oxide (Adams catalyst) was shaken vigorously in an
atmosphere of pure hydrogen at room temperature and
a pressure of 40 to 50 cm. of water in excess of atmospheric

(26) The P-determination on the reineckate was carried out ac-
cording to King (Biochem. J., 26, 292 (1932)). The determination,
however, was somewhat complicated by the presence of chromic acid
anhydride, one of the digestion products. At the completion of the
digestion the cooled solution was filtered through a sintered glass
filter and the chromic anhydride crystals washed with small amounts
of 60% perchloric acid. The filtrate and washings were made up to
volume and used for the colorimetric determination of phosphorus.

(27) The reineckate obtained directly from the ethyl acetate ex-
traction may be used here.

(28) The aqueous solution of the sulfate is acid. To avoid hy-
drolysis resulting in the liberation of acetone and choline all opera-
tions should be carried to completion as rapidly as possible and at the
lowest possible temperature.

(29) The readings were taken immediately after preparing the
solutions.

(30) The substance was hydrolyzed in 1.5 N hydrochloric acid at
100° (two hours) and the choline determined gravimetrically in form
of its reineckate as described by Schmidt. Hershman and Thann-
hauser.
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pressure until the absorption of hydrogen ceased. In
about seventy-five minutes 2010 ml. (N. T. P.) or 93%
of the theoretical amount of hydrogen were taken up.
The catalyst was filtered off, washed with ethanol and
the combined filtrate and washings evaporated to dryness
in vacuo (bath 40°). The residue, a colorless glass
weighing 6.0 g., contained in general 209, less acetone
than calculated for the acetone compound of L-a-glyceryl-
phosphorylcholine sulfate. No attempt was made to
isolate a pure compound.

Deacetonation.—The crude acetone compound (6.0 g.)
was dissolved in 150 ml. of distilled water and the
solution, which had a pH of 1.5, was allowed to stand
at room temperature (20 to 25°) for a period of fifteen
hours.3!

To remove traces of nitrogenous impurities, a dilute
solution of ammonium reineckate was then added drop-
wise until the precipitation was complete and after cen-
trifugation, the excess of ammonium reineckate was re-
moved with dilute silver sulfate solution. The super-
natant was triturated with barium carbonate until free
from sulfate ions and the silver ions were removed with
hydrogen sulfide in the presence of the barium salts.
The mixture was centrifuged and the aqueous solution
concentrated under reduced pressure (bath 35-40°) to a
small volume. The deposit of insoluble material (mostly
barium carbonate) was removed and the concentration
in vacuo continued. The drying was completed in a
vacuum of 0.1 mm. at a bath temperature not exceeding
40°; yield 4.0 to 4.6 g. of L-a-glycerylphosphorylcholine
(65 to 756% of the theoretical from reineckate or 35 to
409, over-all yield). The synthetic diester is a viscous
iiquid which is readily soluble in watcr, cthancl or meth-
anol and insoluble in acetone, ether or benzene; [«]?’D
—2.85 = (.1° in water (c, 2.2 determined from P-content;
pH 6-7). The optical activity of «-G. P. C. seems to
decrease slightly with increasing acidity.

Amnal. Caled. for CsHO/NP (275.2):
P, 11.27. Found: choline, 42.4; P, 10.95.

Vicinal Glycol Titration with Periodic Acid.—0.1157
gram of the diester was dissolved in water and the volume
made up to 100 ml. The titration was carried out accord-
ing to Voris, Ellis and Maynard?® on 10.0-ml. aliquots.
After one hour 0.0422 mM. of the diester had consumed
on the average 0.0414 mM. of periodic acid or 98.2% of
the theoretical amount calculated for the a-glycerylphos-
phorylcholine. Ratio of choline:P:a-glycerol ester3s:
caled. 1:1:1. Found: 0.99:1.00:1.01.

Amorphous Cadmium Chloride Addition Compound of
L-a-Glycerylphosphorylcholine.—A solution of 5.8 g. of
cadmium chloride (2.5-H:0) in 4 ml. of water, diluted
with 65 ml. of 999, ethanol, was added slowly and with
stirring to a solution of 4.0 g. of L-a-glycerylphosphoryl-
choline in 75 ml. of 999, ethanol. After standing in the
ice-box for one hour the dense, white precipitate was
filtered with suction, washed with ethanol and ether, and
dried 4% vacuo; yield of the amorphous cadmium chloride
addition compound 7.3 g. (92%). This compound is
quite stable and can be used advantageously for the
storage of L-a-glycerylphosphorylcholine. If need arises
it can be quickly converted into the free diester; [a]?*D
—1.2° in water (¢, 5.0). Anal. Caled. for (CsHzOr-
NP),-(CdCly); (1100): C, 17.44; H, 4.03; N, 2.54; P,
5.62; Cl, 19.35; Cd, 30.60; choline, 21.9; ratio of
CdCl,: CgHO:NP = 3:2. Found: C, 17.6; H, 4.24;
N, 2.58; P, 5.58; Cl, 19.90; Cd, 30.15; choline, 21.1;
ratio of CdCly:CsHO:NP = 3.01:2.00. Caled. for
the cadmium chloride-free moiety, CsHyO;NP (275):

(31) According to our experience a complete hydrolysis of acetone
without liberation of choline or migration of phosphoric acid is
achieved within the pH-range of 1.5 to 2.5 at the stated time interval
and temperatures. Hydrolysis at greater acidity liberates choline
and at lower acidity is incomplete with regard to acetone.

(82) L. Voris, G. Ellis and L. A. Maynard, J. Biol. Chem., 133, 491
(1940).

(33) Determined by the periodic acid titration.
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C, 34.9; H, 8.05; N, 5.08; P, 11.27; choline, 44.0.
Found by calculation from the analytical values above:
C, 35.2; H, 8.48; N, 5.17; P, 11.17; choline, 42.2.

Vicinal-Glycol Titration with Periodic Acid.—The
sample of the cadmium chloride derivative in aqueous
solution was freed from cadmium by the addition of potas-
sium carbonate. The filtrate was made up to a known
volume and the content of diester ascertained by a phos-
phorus determination. Several aliquots each containing
0.0218 mM. of the diester consumed in two hours on the
average 0.0201 mM. (96.3%) of periodic acid.

Crystalline Cadmium Chloride Compound of L-a-
Glycerylphosphorylcholine: (a) Prepared from the Amor-
phous Cadmium Chloride Compound.—A solution of 3.1
g. of the amorphous cadmium chloride compound in 38
ml. of water was diluted gradually with 150 ml. of 999,
ethanol and a small amorphous precipitate removed
immediately by centrifugation. The clear supernatant
liquid was first kept at room temperature for twenty-four
hours, during which time crystals (prisms) began to form
and was then kept in an ice-box (+45°) for two days.
The crystals were filtered with suction, washed with a
small volume of cold 809, ethanol and dried in air to con-
stant weight. The crystalline cadmium chloride com-
pound of L-a-glycerylphosphorylcholine was obtained in
a yield of 1.85 g. (66.4%,); m. p. 100~102° with sintering
from 97° (rise in temperature 3°/min. starting with a
bath temperature of 80°); [a]?p —1.4° in water (c,
5.5). Anal. Caled. for (CgHzO,NP)(CdCl,)-2H,0
(494.7): C, 19.46; H, 5.30; N, 2.83; P, 6.27; Cl,
14.33; Cd, 22.7; choline, 24.5. Found: C, 19.31; H,
5.21; N, 2.84; P, 6.28; Cl, 14.50; Cd, 22.8; choline,
24.6. Ratio of CsH»nO;NP:CdCl.. Caled. 1.0:1.0.
Found. 1.00:1.01. The .air-dried cadmium chloride
compound lost on drying over phosphorus pentoxide in
a vacuum of 0.1 mm. at 56° 10.627%, of its weight. Calcd.
for a loss of three moles of water 10.92%,.34

Vicinal-Glycol Titration with Periodic Acid.—Carried
out as described for the amorphous cadmium chloride
compound. At the end of two hours 0.0235 mM. of the
diester had consumed on the average 0.0233 mM. (99.2%)
of periodic acid.

(b) Prepared directly from the diester. To the com-
bined solutions of 2.0 g. of the diester in 13 ml. of water
and of 2.6 g. of cadmium chloride (2.5 H,;O) in 15 ml.
of water were added gradually and with swirling 100 ml.
of 999 ethanol. The solution was immediately cleared
of a small amount of amorphous material by centrifuga-
tion. The supernatant liquid was diluted with an addi-
tional portion of 10 ml. of 999, ethanol and crystalliza-
tion induced mechanically. After the mixture had stood
for six hours at room temperature and twenty-four hours
in the ice-box the crystals (prisms) were filtered with suc-
tion, washed with 809, ethanol and dried in air to constant
weight; yield of crystalline cadmium chloride compound
80% (2.8 g.); m. p. 97-101° (sintered 94°); [«]?'D
—1.4° in water (¢, 5.8). Amnal. Found: C, 19.14; H,
5.25; N, 2.85; P, 6.22.

Recovery of L-a-Glycerylphosphorylcholine from its
Cadmium Chloride Compound.—To a solution of 1.0 g.
of the amorphous cadmium chloride compound in 35 ml.
of water was added 1.6 g. of silver carbonate and the
mixture was stirred vigorously until free from chloride
ions. After removal of the solids the solution was freed
from cations with hydrogen sulfide and the sulfides re-
moved by filtration over Hyflo-Super-Cel. The filtrate
was concentrated to a sirup under reduced pressure (bath
35-40°) and the residue was dried to constant weight in
a vacuum of 0.1 mm. at a temperature not exceeding 40°.
In the event that the residue was still slightly colored by
colloidal material it was taken up in ethanol, centrifuged,
concentrated and dried 4# wacxo as described above.
The recovery of L-a-glycerylphosphorylcholine was 98%
(049 g.); [a]lp —2.9° in water (c, 2.6).

(34) The loss of the third mole of water during the process of
drying may be explained by the formation of an inner salt of the
glycerylphosphorylcholine.
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II. Synthesis of p,L-a-Glycerylphosphorylcholine

The synthesis of D,L-a-glycerylphosphorylcholine is
identical with that described for the L-form, except that
D,L-acetone glycerol® is used as starting material. Only
the analytical and physical data of the various compounds
will be reported here.

Acetone Compound of p,L-a-Glycerylphenylphosphoryl-
choline: (a) Reineckate.—VYield 56%; m. p. 136-137°.
Anal. Caled. for CauHy0sN/PCr (692.6): C, 36.4; H,
5.52; N, 14.15; P,4.47. Found: C, 36.6; H, 5.49; N,
14.13; P, 4.40.

(b) Sulfate.—Obtained by the decomposition of the
reineckate in yields of 70-809%, (oil) or 60-689%, (crystals).
Anal. Caled. for C34H55015N2P23 (844.5); P, 7.34;
S04, 11.37; acetone, 13.70; choline, 28.8. - Found: P,
7.25; S04, 11.00; acetone, 13.76; choline, 28.2.

D,L-a-Glycerylphosphorylcholine.—Over-all yield 35—

" 40%; viscous liquid, soluble in water, ethanol, methanol;
insoluble in acetone, ether or benzene.. Amorphous
cadmium chloride compound.—Yield 90%,. Anal. Calcd.
for (CsHy:O/NP).(CdCly)s: C, 17.44; H, 4.03; N, 2.54;
P, 5.62; Cl, 19.35; Cd, 30.60; choline, 21.9. Found:
C, 17.68; H, 4.16; N, 2.64; P, 5.72; Cl, 19.45; Cd,
30.05; choline, 21.8. Theoretical values for the
cadmium chloride-free moiety CsHyO;NP: C, 34.9; H,
8.05; N, 5.27; P, 11.27; choline, 44.0. Found by cal-
culation from the analytical values above: C, 35.0;
H, 8.23; N, 5.23; P, 11.32; choline, 43.4.

Vicinal-Glycol Titration with Periodic Acid.—Carried
out as described for the corresponding cadmium chloride
compound of the synthetic L-a-glycerylphosphorylcholine.
Aliquots containing 0.0226 mM. of D,L-a-glycerylphospho-
rylcholine consumed in 15, 45, 90 minutes 0.0204 mM.
(90.49%), 0.0215 mM. (95.2%) and 0.0217 mM. (95.9%)
of periodic acid, respectively.

III. Isolation of a-Glycerylphosphorylcholine from Beef
Pancreas According to Schmidt, Hershman and Thann-
hauser®

Five pounds of beef pancreas treated as outlined by
Schmidt, Hershman and Thannhauser yielded 2.9 g.
of crude a-glycerylphosphorylcholine with a rotation of
[@]®D —7.8° in water (¢, 2.7). This rotation, much
higher than that reported by Schmidt, Hershman and
Thannhauser ([a]?D —4.87°), indicated that our bio-
logical product still contained extraneous material of
high optical activity and needed further purification.
The diester was dissolved in 40 ml. of water and a dilute
aqueous ammonium reineckate solution added until no
further precipitation took place. The excess of ammonium
reineckate was removed with dilute silver sulfate solution;
the filtrate was triturated with barium carbonate and the
silver ions removed with hydrogen sulfide in the presence
of the barium salts. The aerated aqueous solution of the
diester (approx. volume 60 ml.) was stirred for one hour
with 20 g. of Amberlite (I. R.-100), filtered and the fil-
trate concentrated in wacuo at a bath temperature not
exceeding 40°. The colorless oil, which weighed 1.15 g.
and now had an optical activity of [«]?®D —4.2° in water,
(¢, 2.3) was again treated in aqueous solution (60 ml.)
with 20 g. of Amberlite for a period of thirty minutes.
The filtrate was concentrated i» vacuo to a volume of 5
ml. and the diester precipitated by the addition of 50 ml.
of dry acetone. The precipitate, freed i wvacuo from
solvent, weighed 0.7 g. and had an optical activity of
[¢]®D —2.7° in water (¢, 2.5, pH 2.8). This rotation,

" (35) E. Fischer and E. Pfihler, Ber., 53, 1606 (1920);
Newman and M. Renoll, Tu1s JOURNAL, 67, 1621 (1945).
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although considerably lower than that reported by
Schmidt, Hershman and Thannhauser, is, however, iden-
tical with that of our synthetic product [@]?p —2.85°
(=0.1°). To ensure that the progressive decrease in
optical activity was due to the removal of impurities and
not to inactivation of the glycerylphosphorylcholine by
the Amberlite, the oil (0.7 g.) was treated once more with
the jion-exchanger. The optical activity of the recovered
diester (0.6 g.) remained unchanged, [«]%?p —2.7° in
water (c, 2.7, pH 2.5) or [a]®D —2.8° (¢, 2.6; pH 5.8).
The fact that the optical activity of the synthetic L-a-
glycerylphosphorylcholine also remained unchanged after
a treatment with Amberlite is further evidence of the
harmlessness of this treatment.

Crystalline Cadmium Chloride Compound of the
Natural «-Glycerylphosphorylcholine.—For the purposes
of analysis and further comparison of the natural L-a-
glycerylphosphorylcholine with the synthetic L-a-glyceryl-~
phosphorylcholine the natural diester (0.5 g.) was -con-
verted via the amorphous cadmium chloride compound
(0.88 g.) to the crystalline cadmium chloride addition
compound (prisms, 0.56 g.) as described for the synthetic
product; m.p. of the crystalline cadmium chloride
compound 99-100° (sintered at 90°; rise in temperature
3°/minute, starting with a bath of 80°); [«a]%‘p —1.4°in
water (¢, 5.5). Amnal. Caled. for the crystalline cad-
mium chloride. compound (CsH20;NP)(CdClL)-2H.0
(494.7): C, 19.46; H, 5.30; N, 2.83; P, 6.27; choline,
24.5. Found: C, 19.20; H, 5.35; N, 2.83; P, 6.34;
choline, 24.9. The air-dried cadmium chloride compound
lost on drying ¢z wvacuo (0.1 mm.) over phosphorus pent-
oxide at 56°, 11.05%, of its weight. Calcd. for the loss of
three moles of water 10.92%,.

Periodic Acid Titration.—The titration was carried out
as described for the amorphous cadmium chloride com-
pound of the synthetic diester: 0.0236 mM. of diester
consumed 0.0229 mM. or 979, of periodate.

Acknowledgment.—This work is an extension
of studies of enantiomeric derivatives of glycerol
conducted during the past ten years by one of us
(E. B.) in association with Professor Hermann
O. L. Fischer whose continued interest and
friendly criticism are gratefully acknowledged.

The authors wish to express their gratitude to
the Banting Research Foundation for grants to
one of them (M. K.) during part of the investiga-
tion. -

Summary

1.. A synthetic procedure is described by means
of which the r- and D,L-a- glycerylphosphorylcho-
line have been prepared.

2. The synthetic vL-a-glycerylphosphorylcho-
line was found to be identical with a product ob-
tained from autolyzed beef pancreas by a slight
modification of the purification procedure de-
scribed by Schmidt, Hershman and Thannhauser.

3. The first successful application of mono-
phenylphosphoryl dichloride as a phosphorylating
agent is described. This reagent may prove use-
ful in the synthesis of other phosphate-containing
compounds of biological interest.

ToroNTO, ONT. RECEIVED DECEMBER 4, 1947
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Chlorides and Other Derivatives of Tetramethylisilane

By JonN L. SPEIER AND B. F. DAUBERT

Chloromethyltrimethylsilane has been pre-
pared®-? and some compounds derived from it have
been studied.®4

In this paper the study of compounds derived
from chloromethyltrimethylsilane is continued
and broadened to include two new chlorides of
tetramethylsilane with some of their reactions and
derivatives. The mnew chlorides are dichloro-
methyltrimethylsilane and bis-(chloromethyl)-di-
methylsilane.

Trimethylsilylmethylmagnesium chloride- was
found to react vigorously with phenyl isocyanate
in absolute ether, but hydrolysis of the addition
compound resulted in the formation of acetanilide
rather than of a-trimethylsilylacetanilide, thus
showing again that a carbonyl group in a position
beta to silicon decidedly facilitates cleavage of the
group.? This result perhaps may explain the
findings of Kipping?® who attempted unsuccessfully
to prepare benzylethylpropylsilylacetic-acid from
the appropriate chlorosilane and sodioacetoacetic
ester. No silicon-containing acid derivative could
be isolated from the hydrolyzed products of the
reaction. The reaction products of Gilman and
Clark® obtained by a similar procedure might be
another example of this phenomenon as pointed
out by Whitmore, et al.,* who reported the hydro-
lytic instability of other beta oxygenated organo-
silicon compounds.

Dichloromethyltrimethylsilane in absolute alco-
holic sodium ethoxide rapidly formed methylene
chloride and ethoxytrimethylsilane with the liber-
ation of a large amount of heat. Cleavage of the
dichloromethyl group from silicon was also
brought about by potassium acetate in glacial ace-
tic acid at elevated temperatures. These findings
extend those of Krieble and Elliott,” who showed
that alkaline reagents caused cleavage of chlorin-
ated methyl groups from siloxane structures and
that the ease of cleavage increased with the degree
of substitution upon the methyl group.

Potassium acetate in glacial acetic acid was
found to convert bis-(chloromethyl)-dimethyl-
silane into the corresponding diacetate ester in
good yield. The diacetate yielded the dialcohol,
dimethylsilylenedimethanol, [bis - (hydroxy-
methyl)-dimethylsilane | when subjected to metha-
nolysis in the presence of hydrochloric acid.
Chloromethyltrimethylsilane treated in essentially
the same manner yielded trimethylsilylmethanol.?

(1) Whitmore and Sommer, THIS JOURNAL, 68, 481 (1946).

(2) Whitmore, Sommer and Gold, zbid., 69, 1976 (1947).

(8) Speier, Daubert and McGregor, 7bid., 70, 1117 (1948).

(4) Whitmore, Sommer, Gold and Van Strien, zbid., 69, 1551
(1947).

(5) Kipping, J. Chem. Soc., 91, 717 (1907).

(6) Gilman and Clark, THIS JOURNAL, 69, 967 (1947).

(7) Krieble and Elliott, sbid., 67, 1810 (1945).

Experimental Part

Preparation of ‘Dichloromethyltrimethylsilane and bis-
(Chloromethyl) -dimethylsilane .— Chloro-(dichloromethyl) -
dimethylsilane’ and (chloro)-bis-(chloromethyl)-meth-
ylsilane” were each found to react smoothly with a slight
excess of methylmagnesium bromide in ether to yield the
expected dichloromethyltrimethylsilane (70% yield) and
bis-(chloromethyl) -dimethylsilane (63% yield), respec-
tively. These compounds were found to possess the fol-
lowing properties: dichloromethyltrimethylsilane, b. p.
133° at 730 mm., #**p 1.4430, 425, 1.0395. Molar Re-

fraction: Caled.® for ClI,CHSiMe;: 39.96. Found:
40.04. Amnal. Caled. for C,H;,SiCly: Cl, 45.2. Found:
Cl, 44.9, 45.1. bis-(Chloromethyl)-dimethylsilane, b. p.

160° at 724 mm., »?p 1.4579, d25 1.075. Molar refrac-
tion: Caled.® for (CICH,),SiMe,: 39.96. Found:
39.87. Amnal. Caled. for C4H;oSiCly: Cl, 45.2. Found:
Cl, 45.0, 44.8.

The synthesis of chloromethyltrimethylsilane by the
above method has been described.?

Formation of Acetanilide from Trimethylsilylmethyl-
magnesium Chloride.—To an ethereal solution of about
0.014 mole of trimethylsilylmethylmagnesium chloride®4
was added an excess of phenyl isocyanate. A vigorous
reactioii occurred and the mixture set to a gelatinous mass.
After twenty-four hours the mass was stirred with water
and filtered with suction. The solids collected were
stirred with 959, ethanol and filtered. To the ethanolic
solution thus obtained, dilute aqueous sodium carbonate
was added and the mixture was heated to boiling and
quickly filtered free of the precipitate that formed. The
filtrate on becoming cool yielded carbanilide, m. p. 225~
235°. After the removal of this compound, most of the
alcohol was driven from the solution by evaporation.
When the essentially aqueous solution thus obtained was
cooled, acetanilide precipitated, m. p. 110-111°. Fur-
ther evaporation of the mother liquor yielded a second
crop of acetanilide, m. p. 111-112°. These crops were
combined and recrystallized from water to yield a prod-
uct, m. p. 111-112°, (approx. 807%) which showed
no change of melting point when mixed with an authentic
sample of acetanilide, m. p. 112°, and which contained
only a trace of silicon.

Cleavage Reactions of Dichloromethylirimethylsilane.—
Dichloromethyltrimethylsilane (154 g., 0.98 mole) was
added to absolute ethanol (350 ml.) at room temperature
into which sodium (25 g.) had been dissolved. A vigorous
boiling ensued immediately. Before the apparatus could
be assembled for distillation through a one-foot Vigreux
column, a certain amount of material was lost. Distillate
boiling over a range from 40 to 78° was collected. This
distillate was washed with dilute hydrochloric acid to
remove the ethanol and to hydrolyze any ethoxytrimethyl-
silane that might be present. The washed product was
distilled and found to consist only of methylene chloride
(60 g., 71%) b. p. 40-41°, n2*p 1.4217, 4?5, 1.310, and of
hexamethyldisiloxane (57 g., 73%), b. p. 99°, %D
1.3749.

Dichloromethyltrimethylsilane (14 g.) was sealed into
a glass tube with anhydrous potassium acetate (22 g.)
and glacial acetic acid (11 ml.) and heated at 200° for
three hours: A large amount of potassium chloride
formed. The tube was opened and its contents washed
with water. A dark liquid was thus obtained which
smelled strongly of formaldehyde. A portion of this
liquid was treated with 2,4-dinitrophenylhydrazine in
acidified ethanol solution and yielded the 2,4-dinitro-
phenylhydrazone of formaldehyde, m. p. 159°, which

(8) Warrick, ibid., 68, 2455 (1946).
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showed no depression of melting point when mixed with
an authentic sample of the derivative of formaldehyde,
m. p. 165°. The derivative contained only a trace of
silicon. At 150° a similar mixture after nineteen hours
showed no signs of having reacted in any way.
Preparation of bis-(Acetoxymethyl) -dimethylsilane (Di-
methylsilylenedimethanol Diacetate) .—bis - (Chloro-
methyl) -dimethylsilane (292 g., 1.85 moles), potassium
acetate (412 g., 4.2 moles) and glacial acetic acid (300 ml.)
were heated together and shaken in a stainless steel auto-
clave at 118-130° for four hours and at 148-160° for six-
teen hours. The contents of the autoclave were then
washed once with water to remove the salts and most of the
acid present. The water insoluble liquid was distilled.
The only compound found, other than acetic acid, was
bis-(acetoxymethyl) -dimethylsilane (339 g., 90%), b. p.
124° at 27 mm., 223° at 739 mm., n2%p 1.4309-1.4310,
d?s, 1.0135. Molar refraction: Calcd 8 for (AcOCHz)z-

SiMe.:  52.34: Found: 52.17. Anal. Sap. equiv.
Caled. for (AcOCH_.),SiMe,:  102.2. Found: 102.6,
102.1.

bis-(Acetoxymethyl) -dimethylsilane (110 g.) was dis-
solved in a ten-fold excess of dry methanol and acidified
with three drops of concentrated hydrochloric acid.
Periodically during three weeks methyl acetate was re-
moved by distillation. FEach time methanol was added to
restore the solution to its original volume and the solution
was permitted to stand at room temperature for several
days before more methyl acetate was removed. The
solution was distilled, after no further amount of methyl
acetate appeared to form. bis-(Hydroxymethyl)-dimeth-
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ylsilane (dlmethylsllylenedlmethanol) was obtained as a
colorless, odorless, viscous liquid, completely soluble in
water; b. p. 130° at 27 mm., »%*p 1.4611, di1, 0.993.

Molar refraction: Caled.? for (HOCHz)zSiMGz: 33.38. .
Found: 33.20. Saponification number, 12.7. Anal.
Caled. for C{H,0,Si: Si, 23.3. Found: Si, 23.2, 23.3.

Summary

Some of the reactions of the chlorides of tetra-
methylsilane have been studied. These com-
pounds showed a tendency, under certain con-
ditions, toward cleavage of the substituted methyl
group from the silicon atom. The dichloromethyl
group was found to be more easily cleaved than the
chloromethyl group. Hydrolysis of the addition
product of trimethylsilylmethylmagnesium chlo-
ride and phenyl isocyanate was shown to result in
the formation of acetanilide, thus revealing the
ease of cleavage of beta carbonyl silicon com-
pounds.

The new compounds, bis-(chloromethyl)-di-
methylsilane, dimethylsilylenedimethanol diace-
tate, dimethylsilylenedimethanol, and dichloro-
methyltrimethylsilane were prepared and charac-
terized during the investigation.

PITTSBURGH, PaA. RECEIVED OCTOBER 27, 1947
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The Basic Strengths of Amines as Measured by the Stabilities of Their Complexes
with Silver Ions

By RicHARD J. BRUEHLMAN! AND FRANK H. VERHOEK

The relationship of the basic strengths of amines
as determined by the stability of their ammonium
ions to their strengths as measured by the stability
of their complexes with silver ion has been dis-
cussed repeatedly. It has been stated that a par-
allelism between the two measures exists? and that
a parallelism does not exist.** Except for the last
paper cited,* the conclusions have commonly been
based on a consideration of the instability or asso-
ciation constants for the over-all reaction

Ag*t + 2A X5 AghAet ¢))

where A represents the amine. It was pointed
out,’” however, that each such constant contains
an equilibrium constant for the reaction

AgA+ + A ST Aghot &)

in which the ion reacting with the amine is differ-
ent for each amine considered,.and that a more
just comparison is that between the two reactions
Ag* 4+ A X5 AgAt 3
H+ 4+ A< AH* (4)
(1) Present address, Chicago,
Illinois.
(2) Larsson, Z. physik. Chem., A169, 215 (1934).
(3) Britton and Williams, J. Chem. Soc., 796 (1935).
(4) Vosburgh and Cogswell, THis JOURNAL, 65, 2412 (1943).
(5) Carlson, McReynolds and Verhoek, tbid., 67, 1334 (1945).

Argonne National Laboratory,

Accordingly the equilibrium constants of reactions
(3) have been measured for several amines and
compared with those for reactions (4) measured
in similar systems. The equilibrium constants of
reactions (2) were also measured.

The equilibrium constants were determined by
means of pH measurements on solutions of amine,
silver ion, acid and neutral salt according to the
method of Bjerrum,® on selected groups of pri-
mary, secondary, and tertiary amines of varied
basic strength. The selection was severely limited
by the requirements that the amine be reasonably
soluble in water, that it form complexes in such a
pH range that silver oxide would not precipitate
out, that it have a basic strength different from
other members of the group, and that the complex
formed be sufficiently soluble that a solid phase
did not form. This paper reports equilibrium
constants for the formation of ammines of silver ion
with five primary amines, three secondary amines,
and four pyridines. Inorder to estimate the valid-
ity of the comparison of equilibrium constants for
equations (3) and (4) at a single temperature, tem-
perature coefficients over a ten-degree tempera-
ture interval were determined in most cases.

In addition, equilibrium constants were deter-

(6) J. Bjerrum, ‘“Metal Ammine Formation in Aqueous Solution,””
P. Haase and Sons, Copenhagen, 1941,
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mined for the formation of copper ammines with
two of the pyridines.

Experimental

The pH measurements were made with a glass
electrode and a Coleman Style 200 pH Electrome-
ter. The glass and calomel electrodes were
moiunted in a specially designed glass apparatus
that was thermostated at 25 or 35°; the two com-
partments were connected through ungreased
stop-cocks by a saturated potassium nitrate
bridge. The electrometer was adjusted for asym-
metry and temperature by using buffer solutions
prepared from samples of potassium acid phthal-
ate, potassium dihydrogen phosphate and diso-
dium hydrogen phosphate and sodium tetraborate
decahydrate furnished by the National Bureau of
Standards.

Each pH measurement was made on a separate
sample prepared by adding a known amount of
amine from a weight buret to a 100-ml. sample
of a standard solution of metal ion, acid, and neu-
tral salt, precautions being taken to prevent ab-
sorption of carbon dioxide. Fifty milliliters of the
solution thus prepared was used to rinse the glass
electrode chamber and the remaining 50 ml. was
used for the measurement.

All of the amines were research grade materials
obtained from Eastman Kodak Co. General
treatment involved refluxing for eight to twelve
hours over barium oxide or potassium hydroxide,
followed by distillation through a packed column,
taking the middle fraction boiling within 0.2-0.3°.
Boiling points in all cases agreed well with those
in the literature. As a further precaution, the
amines of high basic strength were titrated with
standard acid to determine the neutral equiva-
lents; these agreed with the theoretical values.
All amines except ethylamine and g-methoxyeth-
ylamine, which were used as standardized solu-
tions, were used as the pure amine.

Results

Dissociation Constants of ‘the Amines.—
Since it is necessary to know the acid dissocia-
tion constants of the amines for the calculation
of the formation curves, these were determined
in solutions of the same ionic strength as the solu-
tions containing the complex-forming metal ion.
Varying amounts of amines were added to stand-
ard solutions 0.525 M in potassium nitrate and
0.100 M in nitric acid. The results are given in
Table I. Each value reported here represents an
average of 10-12 determinations at different ratios
of amine concentration to amine salt concentra-
tion.

Metal Ammine Formation.—The over-all and
successive association constants for the systems
studied were calculated from accurately-drawn
large-scale plots of the formation curves (,
the average number of moles of amine combined
with one mole of silver ion, vs. p[A], the negative

RicHARD J. BRUEHLMAN AND FRANK H. VERHOEK
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TABLE I
TrE Acip DissociaTioN CONSTANTS OF AMINES IN 0.5 M
PoTASSIUM NITRATE SOLUTIONS :

J 29N : 4 P29 :§

Amine at 25° at 35° ApKan/At
Pyridine 5.45 5.35 0.010
a-Picoline 6.20 6.08 .012
~-Picoline 6.26 6.14 .012
2,4-Lutidine 6.99 6.86 .013
Ethylamine 10.81 10.48 .033
Isobutylamine 10.72 10.40 .032
Ethanolamine 9.74 9.51 .023
B-Methoxyethylamine 9.45
Benzylamine 9.62 9.32 .030
Morpholine 8.70
Piperidine 11.28

logarithm of the concentration of free amine) by
the method of Bjerrum.5¢ Each formation curve
was plotted from 15-25 separate points, each point
representing a pH measurement on an individu-
ally prepared sample of known concentrations of
amine, acid, metal ion and neutral salt. The
standard solutions to which known amounts of
the amines were added were 0.500 J/ in potassium
nitrate, 0.1000 M in nitric acid and 0.0250 M in sil-
ver nitrate. Table IT gives a summary of the
values obtained for the silver ammines at 25° and
35°; ky is the equilibrium constant for equation

TABLE 11

AssocTATION CONSTANTS OF SILVER AMMINES IN 0.5 M
PoOTASSIUM NITRATE

Amine ng{p v l&;: kéx} cft l?ef k1/ka Il{o’g

Pyridine 25 2.04 0 7011 2.18 0.72* 4.22
35 1.93 2.07 .72 4.00
a-Picoline 25 2.27 011 2.41 .72 4.68
35 2.16 "7 2.30 .72 4.46
v-Picoline 25 2.24 010 2.46 .60 4.70
35 2.14 2.36 .60 4.50
2,4-Lutidine 25 2.47 o1t 2.61 .58 5.18
35 2.36 2.60 .58 4.96

B-Methoxy-
ethylamine 25 2.95 3.39 .36 6.34
Ethanolamine 25 3.13 012 3.55 .37 6.68
35 38.01 - 3.43 .37 6.47
Isobutylamine 25 3.38 016 3.86 .33 7.24
35 38.22 - 3.70 .33 6.92
Ethylamine 25 3.37 3.93 .28 7.30
30° 3.30 .016 3.8¢ .29 7.14
35 '3.21 3.77 .28 6.98
Ammonia® 25 3.29 3.83 .29 7.12
Benzylamine 25 3.29 016 3.85 .28 7.14
35 38.13 ° 3.69 .28 6.82
Morpholine 25 2.25 2.67 .38 4.98
Diethylamine® 30 2.98 3.22 .58 6.20
Piperidine 25 3.03 3.45 .38 6.48

® Vosburgh and Cogswell (ref. 4) obtained a ratio of
0.78 from solubility measurements. ? Obtained by
Bjerrum (ref. 6) in 0.5 M ammonium nitrate solution;
pKam = 9.26. °Obtained by Carlson, McReynolds
and Verhoek (ref. 5) in solutions of the same concentra-
tion as above; pKa g = 10.96.
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(3), ks that for equation (2) and k, that for equa-
tion (1). It is estimated that the former values
are precise to 0.05 logarithmic unit.

For comparison with the values for the silver
ammines, measurements of the equilibrium con-
stants for the reaction

Cut* + A > CuA++ (5)

and those for the addition of further amine mole-
cules to cupric ion were made with pyridine and
y-picoline at 25°. The solutions used were 0.500
M in potassium nitrate, 0.1000 1}/ in nitric acid
and 0.0300 MM in cupric nitrate. Table III gives
the results.

TasrE III

AssociatioNn ConstanTs oF Cupric AMMINES IN 0.5 M
PorassiuM NITRATE AT 25°

Amine log k1 log ka log ks log k4 log K4
Pyridine 2.52 1.86 1.31 0.85 6.54
v-Picoline 2.82 2.15 1.61 1.16 7.74
Ammonia® 3.99 3.34 2.73 1.97 12.03

@ Measured by Bjerrum in 0.5 M ammonium nitrate
solutions.

Discussion

Since silver ion is a Lewis acid, the equilibrium
constants for equations (3) and (4) for a series of
amines measure the strengths of the amines rela-
tive to two different reference acids. If the rela-
tive strengths of the amines are independent of
the reference acid, a plot of the logarithm of %,
against the negative logarithm of the dissociation
constant of the substituted ammonium ion would
be expected to give a straight line of unit slope.
Such a plot for the data at 25° from Tables I and
II is given in Fig. 1.

log k1.

LI S N e B

1.5'...',:.|.|.|.1.‘.
5 8 11 14
pKam.
Fig. 1.—Variation of the first association constant of
silver ammines with the strength of the amine relative to
hydrogen ion at 25°. Amines are numbered as in Fig. 2.

It is evident that a straight line relationship is
obtained, but that the data fall into two groups.
The pyridines and primary amines lie on one
curve, and the secondary amines on another.
Thus a secondary amine and a primary amine
which have the same strength relative to hydrogen
ion will differ in strength by a factor of about 3.5
when measured relative to silver ion.

BASIC STRENGTHS OF AMINES FROM SILVER IoN COMPLEXES

1403

It is also evident that the lines obtained are not
of unit slope; the slopes are about one-fourth.
Although the curves are drawn with different
slopes for the two groups, it cannot be definitely
stated that the slopes should be different, since
the number of points is small. The slopes will be
changed somewhat by a change in temperature,
but the data in the tables show that the tempera-
ture coefficients are sufficiently alike that this
change will not be great. The slope of approxi-
mately one-fourth may then be taken as real, and
indicates a very great compression of the range of
basicities when silver ion is uSed as a standard
acid to measure the basic strength. Thus two
amines which differ in strength by a factor of ten
thousand when measured relative to hydrogen ion
will differ only by a factor of ten when measured
relative to silver ion.

It is seen from Table II that the ratio of %,/k,,
although larger for the pyridines than for the
other amines, is in all cases of the order of unity,
and that log K, is about twice log k;,. This modi-
fies the statements made in the introduction be-
cause it means that log K, will vary in a similar
fashion to log %, so that except for a factor of two,
comparisons of log K, with pKam will be valid.
This is convenient, because it permits the use of
the large number of values of K, available in the
literature, obtained on systems to which the pres-
ent technique is not applicable, for comparison.
Figure 2 shows a plot of these data as log K, vs.
pKau; in drawing conclusions from the figure
one must remember that the ordinate of each
point, and consequently the slopes of the curves

8
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O~1!«I|IJ||I|I|I|||||I|VI1__
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Fig. 2.—Variation of the over-all association constant of
silver ammines with the strength of the amine relative to
hydrogen ion: ©, Larsson; @, Britton and Williams; O,
this paper; 1, p-nitroaniline; 2, m-nitroaniline; 3, a-
naphthylamine and @B-naphthylamine; 4, aniline; 5,
quinoline; 6, p—toluidiné; 7, pseudo-cumidine; 8, pyri-
dine; 9, a-picoline; 10, #4-picoline; 11, 2,4-lutidine; 12,
s-collidine; 13, B-methoxyethylamine; 14, ethanolamine;
15, methylamine; 16, isobutylamine; 17, ethylamine;
18, ammonia; 19, benzylamine; 20, ethylenediamine;
21, morpholine; 22, dimethylamine; 23, diethylamine;
24, piperidine; 25, trimethylamine; 26, triethylamine.
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would be decreased by one-half if log k; was
plotted. The full lines are drawn through the
values obtained in this investigation; they are
represented by the equations

log K; = 0.577 pKau + 1.08
log K3 = 0.577 pKaug — 0.02

for the upper and lower curves, respectively. The
dotted lines are drawn through the points of Lars-
son? for the primary amines and through the ter-
tiary amine points of Britton and Williams.®> The
curve for Larsson’s data lies below that for this
investigation because his values are for a 50-50
alcohol water mixture; if, as he reports, the val-
ues in water are 0.3 to 0.6 logarithmic units higher
than in the alcohol solution, the dotted line will
coincide with the full line for the primary amines.

The figure confirms the smaller range of basic
strengths relative to silver ion and shows that the
aliphatic tertiary amines comprise a third group,
although the slope of the curve for the latter is un-
certain since only two points are available. It is
this difference between primary, secondary, and
tertiary amines which has led to the belief that
there is no relationship between the basic strengths
of the amines measured relative to the two stand-
ard acids; actually within the three groups there
is a parallelism between the two measures, al-
though the ratios of strengths of two bases is not
the same in the two systems.

The explanation for the smaller range of base
strengths. referred to silver ion as compared to
hydrogen ion is not immediately obvious. Evi-
dently a change in the groups attached to the ni-
trogen atom which makes a great change in its
tendency to codrdinate with a proton makes little
change in its tendency to codrdinate with a silver
ion. This is probably connected with the larger
size of the silver ion as compared to the hydro-
gen ion, but the exact mechanism is obscure.
That the effect is not peculiar to the silver ion
is shown by the correspondence of the data
on the copper complexes to those for the silver
complexes.

Ri1cHARD J. BRUEHLMAN AND FRANK H. VERHOEK
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Nor is it clear why the silver ion separates the
aliphatic amines into three groups. It is tempting
to attribute this to the increasing importance of
steric effects with increasing substitution on the
nitrogen, yet this can hardly be the explanation.
Tkhe silver ion is not large enough to interfere with
any of the groups on the amines investigated.

A further problem appears in the position of the
pyridines, which do not lie with the tertiary ali-
phatic amines. It may be noted, however, that
resonance structures are possible in a compound of
silver ion with pyridine which are not possible
with tertiary aliphatic amines, nor for compounds
of hydrogen ion with pyridine. These would tend
to cause the pyridine complexes to be more stable
as compared to those of the aliphatic amines,
raising them above the position of tertiary ali-
phatic amines of the same strengths relative to hy-
drogenion. From this point of view, the fact that
the points for the pyridine complexes lie on the
same curve as those for the primary aliphatic
amines is fortuitous.

Summary

1. The association constants for the reactions
of silver ion with groups of primary aliphatic
ainiiies, Secondary amines and pyridines have been
measured, together with similar constants for cu-
pric ion and two pyridines, and temperature coef-
ficients.

2. When the logarithm of the first association
constant is plotted against the pK value for the
corresponding substituted ammonium ion, two
straight lines are obtained: one for the pyridines
and primary aliphatic amines, and one for the
secondary amines, Data from the literature indi-
cate that tertiary aliphatic amines lie on a third
curve.

3. The slope of the curve obtained is approxi-
mately one-fourth, indicating a much smaller
range of basic strengths when measured against
silver ion as a reference acid than when measured
against hydrogen ion.

CorumBUs, OHIO RECEIVED AUGUST 2, 1947
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The Determination of Pore Size Distribution from Gas Adsorption Data
By C. G. SHuLL*

Introduction

There has been widespread application in the
past of gas adsorption data in determining quan-
titatively the physical structure of finely divided
and porous materials. Most notable among the
theories of adsorption which have been advanced
are those of Brunauer, Emmett and Teller! and
Harkins and Jura,? both of which have proved
very successful in evaluating the specific surface
of such materials. There are, however, frequent
isotherm phenomena which cannot be treated by
these theories and, in order to explain some of
these, the presence of capillary condensation in
the porous structure has been suggested. Excel-
lent summaries of some of the early quantitative
or semij-quantitative attempts in this direction
have been given by Brunauer? and by Cohan.*
These attempts have all been recognized as
merely approximations for one reason or another.

Recently, Wheeler® has introduced a composite
theory which combines the BET multilayer ad-
sorption and capillary condensation viewpoints.
Upon suitable application of this theory to the ex-
perimental isotherm, the pore size distribution
which would account for the experimental data
may be evaluated. Itisthe purpose of the present
paper to point out a simple method by which the
Wheeler theory can be applied to isotherm data
. thereby obtaining the pore size distribution.

The Wheeler theory can be summarized in one
simplified equation

Ve — V = nﬁw (r — O2L(r)dr 1)

In this equation, Vs is the volume of gas adsorbed
at saturation pressure, V is the volume of gas ad-
sorbed at intermediate pressure p, L(»)dr is the
total length of pores whose radii fall between » and
r + dr, R is the corrected Kelvin radius which is
obtained as a function of the pressure, and ¢ is the
multilayer thickness which is normally built up
at pressure p. This equation merely states that
the volume of gas V; — V not yet adsorbed at a
pressure p is equal to the total volume of pores
which have not been filled.

The left hand side of Equation (1) is known
from experimental data and it is desired to deter-
mine the pore size distribution function L(7)

* Present address: Oak Ridge National Laboratory, Oak Ridge,
Tenn.

(1) S. Brunauer, P. H. Emmett and E. Teller, THIS JOURNAL,
60, 309 (1938).

(2) W. D. Harkins and G. Jura, J. Chem. Phys., 11, 431 (1943).

(8) S. Brunauer, ‘“The Adsorption of Gases and Vapors,” Prince-
ton University Press, U. S. A., 1943, Chapter XI.

(4) L. A. Cohan, THIS JOURNAL, 60, 433 (1938).

(5) A. Wheeler, Presentations at Catalysis Symposia, Gibson
Island A. A. A. S. Conferences, June, 1945, and June, 1946.

which when integrated will show agreement with
these experimental data. Before this can be done,
it is necessary to evaluate R and ¢ as functions
of the pressure.

Evaluation of Critical Kelvin Radius and Mul-
tilayer Thickness.—Wheeler has introduced a
modified Kelvin equation in evaluating the cor-
rected Kelvin radius R. In this equation, the
corrected or critical pore radius (critical in the
sense that all pores having smaller radii than R
have already been filled by multilayer adsorption
and capillary condensation) is placed equal to the
sum of the multilayer thickness and the radius
normally calculated from the simple Kelvin equa-
tion. In other words

20v
ReT 1n p/po

o being the surface tension, v the molar volume of
the condensed liquid, and R, the gas constant per
mole, and T the temperature. This equation
states, very reasonably, that the radius determin-
ing the presence or absence of capillary condensa-
tion is that of the open section (the part not occu-
pied due to multilayer adsorption) in the pore and
not that of the entire pore.

An approximate expression from the BET the-
ory of multilayer adsorption has been used by
Wheeler for calculating multilayer thickness val-
ues. It is known, however, that the BET thick-
nesses become much larger than experimental
thicknesses for flat surfaces in the high pressure
region. Figure 1 shows a comparison of these
thickness values. In the upper part of this figure
are shown experimental data taken from nine pub-
lished isotherms® (mtrogen gas) for crystalline
materials of large crystal size (1100 to 16,000 ang-
stréms). These data are plotted on a V/ Vm basis
where Vi is the adsorbed volume corresponding to
monomolecular coverage of the surface. Devia-
tions of the experimental points from the average
1sotherm are seen, but the general trend of the
data is well established. The average isotherm
is next transferred to a multilayer thickness curve
(¢ values) by assuming the monomolecular thick-
ness to be 4.3 angstréoms for nitrogen. This is
shown in the lower part of Fig. 1 with the curve
corresponding to the BET theory. Pronounced
differences between the BET and experimental
curves are to be noted in the higher pressure
region.

Figure 2 shows curves for the corrected Kelvin
radius R as a function of pressure, calculated
from Equation (2) by use of the above experi-

(6) P. H. Emmett and T. DeWitt, Ind. Eng. Chem., Anal. Ed., 183,

28 (1941); W. D. Harkins and G. Jura, THis JourNaL, 66, 1362
(1944).

R=1t— @)
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Fig. 1.—Multilayer thickness ag obtained for large
crystals and as calculated from the BET theory: Curve A,
experimental values of the number of adsorbed iayers
(V/V,) for crystalline materials of large crystal size;
curve B, multilayer thickness for N, calculated from BET
theory; curve C, multilayer thickness curve derived from
curve A.

mental and BET values for multilayer thickness.
As expected, the differences between the two
curves show up in the high pressure region. Ob-
viously it is necessary to make a decision as to
which curve should be used in interpreting experi-
mental isotherms.
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Fig. 2.—Variation of the critical Kelvin radius as a
function of the adsorption pressure: curve A, calculated
using experimental multilayer thickness values; curve B,
calculated using BET thickness values (Wheeler).
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Wheeler has argued that since adsorption oc-
curs on the curved surface of a pore, larger thick-
nesses would be expected than on a flat surface,
and hence the use of the BET theory is justified.
Notwithstanding this, there are arguments which
seem to indicate that the use of BET values is an
over-correction for the effect and that it is prob-
ably better to use the flat surface experimental
data.

Some insight into this can be gained by consid-
ering the adsorption process on systems having
hypothetical pore structure. Consider first a sys-
tem where all of the pores are 100 angstroms in
radius. According to the curve derived from ex-
perimental data, which is shown in Fig. 2, capil-
lary condensation should occur at a partial pres-
sure of 0.895 after a multilayer thickness of 14.8
angstréms had been reached. On the other hand,
the BET curve predicts capillary condensation as
occurring at a partial pressure of 0.865 with a
multilayer thickness of 31 &ngstréms. Wheeler’s
argument that the pore curvature would increase
the adsorption to BET values seems to be an over-
correction for the effect. It appears very un-
likely that the curvature in a pore of radius 100
angstréoms would place in effect additional adsorp-
tive forces sufficient to iore than double the ad-
sorbed film thickness.

A simple scale drawing with the pertinent rela-
tive dimensions indicates a much smaller effect
than that given by the BET theory. Figure 3 il-
lustrates the predicted multilayer thicknesses at
the time of capillary condensation for pores of
radii 100, 50 and 25 angstréoms. For a radius of
100 ngstroms the BET thickness seems much too
large, for a 50 angstrém radius it is still larger
than would be expected but perhaps not unreason-

PORE SURFACE

PORE RADIUS = 100 A

PORE RADIUS = 5D A

° PorE
RADIUS
=25A

Shaded area. is multilayer thickness from experimental
data for large crystals. Unshaded area is extra thickness
predicted by BET theory.

Fig. 3.—Diagram showing multilayer thickness at pressure
of capillary condensation for pores of various sizes.
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ably so, and for a 25 &ngstrom radius the two
multilayer thicknesses are close together. Since
the curvature effect becomes more pronounced as
the radius is reduced and has little or no effect
with large radii pores, it is seen that the BET
values are inherently incorrect in their dependence
upon the pore radius. If anything, the true curva-
ture values of the thickness should differ from flat
surface values most drastically in the small pore
- region, and this is just the opposite of the result
obtained by use of the BET multilayer thickness
values. Until a more satisfactory theory account-
ing for curvature effects is available, the use of flat
surface data would appear to be preferable. Ac-
cordingly, the curves on Figs. 1 and 2 correspond-
ing to experimental data will be used in the iso-
therm analysis given below. It should be men-
tioned that the procedure of isotherm analysis to
be discussed in the following section is a general
one applicable to whatever multilayer thickness
values are selected.

Evaluation of Pore Size Integral.—There does
not appear to be a simple method of inversion
applicable to the pore size integral, Equation (1),
by which the pore size distribution L(r) can be
obtained from numerical values of V, — V. Indi-
rect methods are available, however, which permit
an easy and convenient solution of the equatior.
The present method is one of comparison of the ex-
perimental isotherm with standard or calculated
isotherms.

Wheeler has suggested that pore size distribu-
tions may be represented by simple analytical
forms of Maxwellian or Gaussian type. Thus for
a Maxwellian distribution of pore sizes

L@r) = Are~t/ro 6)]
with 4 and 7, constants, and when this is substi-
tuted into Equation (1) and the integration per-
formed we obtain

Ve — V = Ar{M(R, o) 4
where .

M(R,ro) = -:%e'R/ro{R(R — 2 + 61§ +

2r2(3R — 2) + roBR — DR — 0} ()
The function M(R, r,) has been evaluated for vari-
ous values of R and 7y, and a family of such curves
is shown in Fig. 4. These curves will be referred to
as standard inverted isotherms.”
Likewise for a Gaussian distribution of pore
sizes

L{r) = Ae~[8/r(r—r)]? (6)
with 4, B8, and 7, constants, and this integrates into
Vo — V = 24(r}/B)GB(R, 10) (7)
where
Gg(R, ry) = ———35 e~ (R — 2t + ro) +

vl - 2l - 01+ 3 (3) ©

(7) Numerical values for the standard inverted isotherms of Figs.
4 to 6 have been tabulated and are available from the author.
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p = —(R — #9), and H(x) = \/.
Gg(R, 7y) has been evaluated for 8 = 2, 5 and 10
and various values of R and 7, and some of these
standard isotherms are shown on Figs. 5 and 6.
It may be mentioned that the parameter 8 deter-
mines the width of the pore size distribution while
7o controls the average pore size.

-y’dy

M(R, ).

0.4

0.2
0.1

0 20 40 60 8 100 120

R.

Fig. 4.—Standard inverted isotherms: calculated for a
Maxwellian distribution of pore sizes.

The procedure in interpreting experimental data
is then the following. The experimental isotherm
isreplotted as Vs — V (log scale) versus the Kelvin
radius R. This is conveniently known as an #%-
verted isotherm. This inverted isotherm is next
matched with one of the standard isotherms of
Figs. 4-6. If a satisfactory match is obtained, the
pore size distribution is known immediately from
the parameters of the standard isotherm.

Sometimes the experimental inverted isotherm
cannot be fitted to one of the standard isotherms
and it is necessary then to resolve the experimental
isotherm into two or more standard isotherms.
For instance if an experimental isotherm can be
resolved into the sum of a Maxwellian and a Gaus-
sian standard isotherm, then

— V = AwM(R, ro) + 24; ﬁ‘ Gau(R, ) (9)

and hence

B1 2

L(r) = Aoyre7r/r0 + Aje” [H (r—n):I (10)

In all cases, the coefficients 4, can be evaluated
from the relative amplitudes of the component
isotherms. Needless to say, as many component
isotherms can be used as is necessary to fit the
data to the desired accuracy. For all practical
cases to date, two terms have been found suf-
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0.2

Ga(R, 10).
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0.02

0.01 l

0 20 40 60 80 100
R.
Fig. 5.—Standard inverted isotherms calculated for a
Gaussian distribution (8 = 2) of pore sizes.
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Fig. 6.—Standard inverted isotherms calculated for a
Gaussian distribution (8 = 5) of pore sizes.

100

ficient. The whole procedure can be carried out in

- fifteen or twenty minutes.
It is obvious that the specific surface may be
calculated from the distribution L(r), using the

equation
S = 21rj; mrL(r) dr

This method of calculation is, of course, independ-
ent of the usual BET method?® of determining the

(8) It will be recognized that this independence is not strictly true
since the BET theory has been used to obtain values of Vi, used in

11)
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specific surface from adsorption isotherm data,
but is more laborious and time-consuming. In
particular instances, in which a variety of adsorb-
ates have been adsorbed on the same adsorbent,
more consistent values of specific surface have
been obtained by this calculation than by the
BET method. It should also be pointed out that
the Wheeler procedure® of isotherm analysis does
not permit a wholly independent calculation of the
specific surface since the BET surface has entered
directly in the pore size evaluation.

The above procedure of matching the experi-
mental data to a calculated curve is, of course, an
indirect one in that the mathematical inversion
required in Equation (1) is not accomplished in a
straightforward fashion. This raises the question
of uniqueness in the derived pore size distribution.
It has been found that the selection of the matched
standard curve is, in general, a well-defined one
showing that one type of distribution is in consid-
erably better agreement with the data than any
other. In cases where ambiguity in the choice of
matching exists (for instance where the matching
is equally good with a single curve or with the sum
of two other curves), experience has shown that it
makes little difference in the final distribution.
It would seem that uncertainties in the basic as-
sumptions necessary to the application of the in-
version procedure are much more troublesome
than the problem of uniqueness in the inversion.

Examples of Isotherm Interpretation.—As
examples of the above procedure of analysis,
the two isotherms given in Fig. 7 will be con-
sidered. These were obtained® with samples of
silica gel possessing widely different physical prop-
erties.  Both adsorption and desorption data are
presented, there being no hysteresis loop in the
case of gel I. The solid line for gel II represents
the adsorption data while the broken line corre-
sponds to desorption data. Selected isotherm
points from the desorption curves have been re-
plotted as inverted .isotherm points (open and
shaded circles) in Fig. 8. The isotherm points for
gel T are seen to agree closely with the standard
isotherm M (R, 3), which has been drawn in from
Fig. 4. Therefore the pore size distribution L(r)
for this gel can be represented by a Maxwellian
distribution with the parameter 7, having the
value 3A. On the other hand, the isotherm points
for gel 11 cannot be matched to one of the stand-
ard curves but they can be matched to the sum of
two standard isotherms, Gs(R, 43) and M (R, 18).

the determination of the multilayer thickness ¢ as shown in Fig. 1.
However, this procedure has drawn on the validity of the BET de-
termination of specific surface only in the case of materials of large
crystal size and this has been shown by many studies to be quite
correct. No assumptions regarding the validity of the BET theory
for the material being studied have been made. It follows that the
specific surface calculated from the pore size distribution is not
necessarily the same as that generally calculated from the BET
theory since the presence of the pore size distribution may have made
questionable the application of the simple BET theory.

(9) I am indebted to Dr. P. B. Elkin for supplying the isotherm
data on these materials.
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Fig. 7.—Nitrogen isotherms for two samples of silica gel.
The solid and broken lines are the experimental isotherms.
The circled points are taken from the matched standard
isotherms of Figure 8.

The triangular points on Fig. 8 are matched with
the standard isotherm Gj(R, 43) and have been
obtained by subtracting the standard isotherm
M(R, 18) from the experimental data (the open
circles) for gel II. Thus the pore size distribution
for gel II can be represented by an expression of
the type given by Equation (10) with », = 18,
r = 43, B; = 5 and relative values of 4, and 4,
obtained (4:/4¢ = 222) from the amplitudes of
the two standard isotherms.

The differences between the experimental
points and the standard isotherms in Fig. 8 have
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Fig. 8 —Comparison of silica gel isotherm data with se-
lected standard inverted isotherms.
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been transferred to the original isotherms given in
Fig. 7, since here the fluctuations can be more
easily visualized in terms of experimental error.
The circled points on the isotherms of Fig. 7 are
taken directly from the standard inverted iso-
therms of Fig. 8. The agreement shown by the
matching process is within the experimental error
of the adsorption measurements.
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Fig. 9.—Pore volume distributions calculated for silica gel
samples.
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Pore size distributions for these two gels have
been calculated and are shown in Fig. 9. These
have been plotted as volume distributions V(z),
rather than length distributions, since the former

seem to have greater physical significance: This
transformation is easily performed since
V(r) = ar2L(r) (12)

Values of the average pore diameter (defined as
that size which divides the pore volume distribu-
tion into two equal parts) have been marked on
the distribution curves. These values are 21 and
90 A. for gels I and II, respectively. Itisinterest-
ing to compare these with values of the mean pore
diameter calculated from the expression! 4V,/S
where .S is the specific surface determined by the
standard BET method. Calculation shows the
latter to be 23 and 107 A., respectively. Compari-
sons of the pore size distributions obtained by the
above procedure with other independent data have
been made for a variety of materials and these will
be the subject of an accompanying publication.!

Summary

The theory of the interpretation of gas adsorp-

(10) If all pore volume is contained in one long cylindrical pore L
units long, the diameter of this pore can be written
=D?
— L

4 _ 4V,
DL S

(11) C. G. Shall, P. B. Elkin and L, C, Roess, Turs JournaL, 70,
1410 (1948).

D=4
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tion data in terms of capillary condensation as ad-
vanced by Wheeler is discussed. It is suggested
that the empirical use of experimental adsorption
data for materials of large crystal size is preferable
to the employment of the BET theory at the
higher relative pressures (0.35 to 0.99) in evaluat-
ing the multilayer thickness of the adsorbed lay-

C. G. SHuLL, P. B. ELxIN anp L. C. RoESss
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ers. A simplified procedure for applying the the-
ory of capillary condensation to experimental
data, thereby obtaining the pore size distribu-
tion, is presented. Examples of this procedure
are given in the treatment of data for two silica
gels.
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Physical Studies of Gel Microstructure
By C. G. SrurL,! P. B. ELkIN? AND L. C. RoOESs

Introduction

During the past few years a number of new tech-
niques have become available for studying the
physical microstructure of porous and finely di-
vided materials. Low temperature gas adsorp-
tion has found widespread application in the
determination of the specific surface available to
gases.? More recently, attempts have been made
to interpret the adsorption isotherm in terms of
pore dimensions in addition to specific surface.*
X-Ray scattering at small angles has been used in
obtaining information on the solid discontinuities
present in colloidal materials, and these data have
been correlated to a certain extent with crystal
size data from the broadening of X-ray diffraction
lines and with specific surface results.5$

+In the application of either of these techniques
certain simplifying assumptions must be made
with consequent uncertainty or ambiguity in the
results of the analysis. One procedure for testing
the validity of these assumptions for any particu-
lar material presents itself in the correlation of in-
dependent data to form a consistent over-all pic-
ture of the physical microstructure. Thus, as will
be shown later in this paper, the specific surface
should show a dependence on the particle size dis-
tribution; and the pore size and the particle size
distributions should be related through the po-
rosity factor. If the various physical data can be
shown to be consistent, then confidence in the
validity of the analysis is gained. It is to be em-
phasized that conclusions of this sort drawn for one
material are not sufficient to justify the validity of
the assumptions for all cases.

The present paper is concerned with a series of
observations of the type outlined above obtained
for a series of ten silica and silica—alumina gels.

(1) Present address: Oak Ridge National Laboratory, Oak Ridge,
Tennessee.

(2) Present address:
mos, New Mexico.

(3) S. Brunauer, P. H. Emmett and E. Teller, THIS JOURNAL, 60,
309 (1938); W. D. Harkins and G. Jura, J. Chem. Phys., 11, 431
(1943).

(4) A. Wheeler, Presentations at Catalysis Symposia, Gibson
Island Conferences, June, 1945, and June, 1946.

(5) P. B. Elkin, C. G. Shull and L. C. Roess, Ind. Eng. Chem., 87,
327 (1945).

(6) C. G. Shull and L. C. Roess, J. Appl. Phys., 18, 295 (1947).

Los Alamos Scientific Laboratory, Los Ala-

These particular gels were selected because they
possessed a wide range of physical properties and
hence should serve as good illustrative examples of
the correlative procedure.

Experimental Techniques

Nitrogen adsorption—desorption isotherms were
obtained in a conventional volumetric apparatus
at liquid nitrogen temperature and over a pres-
sure range from a few millimeters of mercury up to
near saturation pressure. Measureiients in the
high pressure region were continued to high
enough pressures to determine the plateau of ad-
sorbed volume characteristic of complete filling of
the micropore volume. The saturation pressure
po was measured continuously throughout the
runs by means of a tube containing condensed
nitrogen and connected to a manometer. From
the data specific surface values were calculated by
the Brunauer-Emmett-Teller equation.® The
data fit the linear plot of this method over the
usual range of pressure values,

The micropore size distributions were obtained
by analyzing the adsorption and desorption iso-
therms in terms of a composite multilayer adsorp-
tion and capillary condensation theory introduced
by Wheeler.# A modification in the procedure of
applying the Wheeler theory to the experimental
data was used in the present study and details of
this are given in an accompanying paper.’
Essentially, the method consists in matching the
experimental isotherm with one of a series of
standard isotherms which have been calculated for
various pore size distributions. Values of median
and mean pore diameters (defined in the following
section) have been calculated from the size distri-
bution.

Values for the solid density p were obtained by
displacement in helium gas in an apparatus similar
to the one described by Schumb and Rittner.®
The apparent density p, was determined in a mer-
cury pycnometer. From these values the per-
centage porosity was calculated by the equation

% porosity = 100(0 — pa)/p @

(7) C. G. Shull, THIS JOURNAL, 70, 1405 (1948).
(8) W. C. Schumb and E. S. Rittner, ¢4id., 65, 1692 (1943).
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The small angle X-ray scatter}ng technique has
been described® previously.

The gels were obtained from several sources and
the methods of preparation for some gels were not
reported. The emphasis here, however, is placed
on physical properties rather than on methods of
preparation. It may be mentioned that the gels
were heated in a furnace at about 540° prior to all
physical measurements so that the residual water
content must have been quite small. No correc-
tion for this was made.

Experimental Results - .

A list of the silica—alumina gels which have been
studied is given in Table I. The alumina content
of these gels is seen to vary between 0 and 28
weight per cent. with most of the samples at the
ends of this range. The variety of physical prop-
erties obtained are believed for the most part to
reflect the various physical and chemical con-
ditions of preparation rather than the alumina
content.

TABLE 1
SuMMARIZED GAS ADSORPTION AND DENSITY DaATA
Spe- '
cific Vo Per-
Weight sur- micro- Density (g./cc.) by cent- Total
per face, pore displacement of age pore
cent. sq.m./ volume Helium Mercury por- volume,
Gel AlOs g (ce./g) . p pa osity  cc./g.
I 25 453  0.563 2.53 1.031 59 0.575
11 23 425 .733 2.45 0.854 65 774
III 24 475 .681 2.46 .750 69 .927
IV 26 321 .855 2.49 .787 68 .868
v 28 267 .994 2.31 .719 69 .958 -
VI 13 568 .863 2.30 .755 67 .890
VII .. 344 .870 2.32 .786 66 .840
VIII 0 657 .384 2.39 1.168 51 .436
IX 0 248 .612 2.32 0.911 61 .667
X 0 478 .5875 0.982 55 .562

2.19

The nitrogen adsorption—desorption isotherms
are shown in Fig. 1. The desorption curves are
the upper ones in each case. All except that for
sample VIII have similar shapes, but differ in the
magnitude and position of the steepest part of the
curves. The isotherm for sample VIII, in which
the adsorption and desorption data fell on the
same curve, is the Langmuir type.

From the adsorption data, the values shown in
Table I for the specific surface .S and the specific
micropore volume V}, (expressed as cc. of void per
gram of gel) have been calculated. The solid
density p obtained by helium displacement, the
apparent density p, obtained by mercury displace-
ment and the percentage porosity and total pore
volume calculated from the density values are
also listed. The specific micropore volume has
been obtained from the volume of gas adsorbed at
saturation pressure and presumably is indicative
of the pore volume in pores of diameter less than
about 1000 A. On the other hand, the percentage
porosity and total pore volume given in the last
two columns include all pores up to the size which
is penetrated by mercury at atmospheric pressure,

namely, about 50,000 A. It is seen that prac-
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Fig. 1.—Nitrogen adsorption-desorption isotherms
(—195°) for gels I to X,
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tically all of the pore volume (with the exception
of that for gel III) exists in the micropore region.
The total pore volume is listed as being slightly
smaller than the micropore volume (obviously an
impossibility) for three of the gels and this must be
due to the presence of small errors in one or more of
the measurements.

Both the specific surface and the micropore vol-
ume are seen to vary over a wide range of values.
As is expected, the solid density shows little varia-
tion from gel to gel with some indication that the
gels with higher alumina content possess somewhat
higher solid density. values.

Table IT summarizes the results of pore size
analysis as obtained from both adsorption and de-
sorption isotherms on the assumption that the
pores are cylindrical. In this table the mean pore
diameter Dy is defined by

Dy = 4V, /S )]
the median pore diameter D is defined by
' Vs D
—23 = j; V(D) dD ®3)

where V(D) is the pore volume distribution func-
tion. D is thus defined as the pore diameter such
that one half of the pore volume is contained in
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pores smaller than D. The mean pore diameter
Dy is defined as

j;w V(D) dD
Do = G 4
= V(D)
} D dD

Since in equation (4) the numerator is the pore
volume per gram and the denominator is one-
fourth the specific surface, it follows that D, and
D, represent equivalent mean values. They are
designated differently to emphasize that they have
been calculated in an independent manner. It is
not expected that the median and mean values
should agree in magnitude since they represent dif-
ferently weighted quantities. Also given in Table
IT is the ratio of the two mean values for the pore
diameter.

TABLE II
PorRE DIAMETER VALUES CALCULATED FROM ADSORPTION
AND DESORPTION DATA (ALL VALUES EXPRESSED IN
ANGSTROMS)
D, is mean pore diameter calculated from 4Vp/S. D is

median pore diameter calculated from pore size distribution.
Dy is mean pore diameter calenlated from pore size

distribution.

F_\:om des_t?rption da_ga F_l_'gm adsgrption da_t_a
Gel Do D Dy Do/ Do D Do Do/ Do
I 50 52 48 1.04 59 48 1.04
11 69 65 60 1.15 73 60 1.15
I1I 57 57 53 1.08 70 57 1.00
IV 107 90 8 1.20 114 105 1.02
\' 149 136 126 1.18 170 157 0.95
VI 61 61 56 1.09 74 58 1.05
VII 101 95 94 1.07 131 121 0.84
VIIT 23 21 18 1.31 21 18 1.31
IX 99 73 72 1.37 92 8 1.17
X 48 41 41 1.17 46 37 1.30
Average 1.17 1.08

Figure 2 illustrates the agreement found be-

200 | /|
©O ADSORPTION ./0
® DESORPTION ° Zc

100 O

4 27
x> 60
: Y
y 40
s /
Q
0|/
20
20 40 60 100 200
D.

Fig. 2.—Comparison of mean pore diameters (&ng-
stréms) calculated from V,(D,) and from pore size dis-
tribution curves (D).
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tween values for D and D, using both adsorption
and desorption data. The general sequence of the
points indicates that D, is about 10% larger than
D, and, considering the assumptions which are
necessary in evaluating the pore size distributions,
this can be considered quite satisfactory. Al-
though it is seen that slightly better agreement is
obtained when adsorption data are used, it is not
felt that this is conclusive of a general criterion on
the basis of the present data.

The results of the small angle X-ray scattering
analysis and their correlation with adsorption data
for these gels are given in Table ITI. The scatter-
ing analysis has been carried through in terms of a
particle size distribution for spherical particles
and from this the median particle diameter L is
evaluated as defined by

ﬂ ® ML) dL = 2 j(; Ly ar (5)

where M (L) is the mass distribution function in

terms of the particle diameter L. Values of L
ranging from 29 to 88 A. are to be noted in the sec-
ond column of Table III.

TaBLE III

COMPARISON OF PARTICLE S1ZE VALUES WITH PORE SIZE
AND PoORrROSITY RESULTS

Values of L and D are in dngstréms and Sp in 10% cm.™?

Gel L Sp D/L Ve
I 48 1147 1.08 1.42
II 47 1041 1.38 1.80
I1I 45 1170 1.27 1.68
v 65 799 1.38 2.13
v 88 617 1.55 2.30
VI 48 1308 1.27 1.99
VII 75 798 1.27 2.02
VIII 29 1570 0.72 0.92
IX 81 576 0.90 1.42
X 48 1048 0.85 1.26

In view of the dependence of the X-ray inten-
sity scattered at small angles on differences in elec-
tron density, independent evidence is required to
establish whether the scattering is characteristic of
the particles or of the pores. With crystalline ma-
terials, good agreement® is found between the crys-
tal size and the average particle size calculated on
the assumption that the scattering is character-
istic of the particles, and this can be considered as
good evidence that the small angle scattering is
indeed characterized by the particles. With
amorphous materials such evidence is not avail-
able, and hence it is particularly interesting to
compare the particle size data and the pore
size data for the ten amorphous gels being dis-
cussed.

It can be shown that the specific surface of an
assemblage of particles is given by an expression
of the type
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® M(L)
T e
P f ® ML) dL

= Ko/pz (6)

where K, is a constant whose value depends in-
sensitively on the geometrical shape of the particle
and the shape of the particle size distribution
curve. Values for the product Sp are given in the
third column of Table III and these are plotted

versus L in the log-log graph of Fig. 3. The in-
verse relationship between these variables is
clearly indicated by the sequence of the points.
The line drawn on the figure is the theoretical line
to be expected for spherical particles and appears
to be shifted from the median correlation line by
about 109%,. In view of the uncertainties in the
interpretation of small angle scattering analysis,
this discrepancy of the particle size values by 109,
on an absolute basis is certainly not outside of pos-
sible error. It should be mentioned that correla-
tion of the type given in Fig. 3 is by no means re-
stricted to one class of materials (viz., silica—
alumina gels) but can be obtained with a whole
variety of substances whose solid density, specific
surface and particle size cover much wider ranges
than are indicated in the present data.

S

2000 N
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\o\
& 1000 3
“ 0 O
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600 [¢]
THEORETICAL \
400
20 40 60 100
I.

Fig. 3.—Correlation between specific surface times
density Sp and median particle diameter . The dashed
line is that calculated for spheres. Sp is given in units of
104 cm.~!and L in 4ngstréms.

Of particular interest is the comparison of pore
and particle size. The ratio of these variables is
given in the fourth column of Table III. This
ratio is seen to include values between 0.72 and
1.55. Since the surface area of the pores must
equal that of the particles, it follows from Equa-
tions (2) and (6) that

D/L = k(Vyp) @)

since D is proportional to D, for a given distribu-
tion. The product (Vyp) is called the porosity
Jactor and is merely the ratio of total micropore
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volume to total solid volume in the gel. The con-
stant £ depends insensitively on the pore and par-
ticle size distributions. Figure 4 illustrates the
agreement of the experimental data with the corre-
lation predicted by Equation (7). Values for the
pore diameter are those obtained from the desorp-
tion analysis and the line is the theoretical correla-
tion using a value of 2/3 for the constant & which is
the average for the size distributions encountered
experimentally. A consistent trend in the values
of the pore to particle size ratio with the porosity
factor is to be noted and this can be considered evi-
dence that the small angle X-ray scattering is
characteristic of the particle size rather than the
pore size. If the X-ray scattering were indicative
of the pore size, values of D/L should have re-
mained constant independent of the porosity fac-
tor.

2.0 /’
S S
IS o

1.0 6/

)Y
0’ L/
0.6 7
0.6 1.0 2.0 4.0
Vop.

Fig. 4.—Correlation between pore to particle size ratio
D/L and porosity factor V,p. The line is the theoretical
correlation according to Equation (7).

The over-all agreement of the independently
determined variables above appears very satis-
factory and is even somewhat surprising in view of
the several assumptions which are necessary in
interpreting the data. It is recognized imme-
diately that the assignment of a spherical shape to
the particles and a cylindrical shape to the pores
is inconsistent in a strict sense. The pores and
particles are very probably irregular in both shape
and size, but it would appear from the data that as
far as the determination of average dimensions is
concerned, they can be represented by these simple
geometrical shapes. Once these discontinuity
shapes are decided upon, further assumptions
specific to the technique are required. Principal
among these are the assumption of incoherence in
the X-ray scattering from adjacent particles and
the assumption that vapor condensation in a cap-
illary of colloidal size is exactly similar to that in
macroscopic capillaries. Neither of these has
been the subject of direct experimental test, but
as the evidence presented above would indicate in-
directly, they appear not far from being correct.
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Summary

Physical data on the microstructure of a series
of ten amorphous silica and silica—alumina gels
have been obtained from studies of low tempera-

Joun K. WoLFE AND KENNETH L. TEMPLE
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ture gas adsorption, porosity and small angle
X-ray scattering. Good correlations are obtained
between (1) the mean pore diameter calculated
from the specific micropore volume and the spe-
cific surface and the mean pore diameter calcu-
lated according to a capillary condensation theory
of isotherm analysis, (2) the average particle size
and the specific surface and (3) the pore to particle
size ratio and the porosity factor. It is concluded
that the over-all correlations which are found in-
dicate the validity of the assumptions necessary
in the data interpretation at least for the materials
which have been studied.

BeacoN, NEw YORK RECEIVED OCTOBER 16, 1947

[CONTRIBUTION FROM THE DIVISION OF CHEMISTRY, NAVAL RESEARCH LABORATORY]

The Preparation of Nitrite Salts of Alkyl Amines'

By JounN K. WoLFE? AND KENNETH L. TEMPLE?

Alkyl ammonium nitrite salts have been pre-
pared by the reaction of the amine hydrochloride
with sodium nitrite? or silver nitrite,5 the amine
suilfate with barium nitrite, or the amine with ni-
trogen sesquioxide,® all of these reactions being
carried out in aqueous solution. The present
study outlines a new method of preparation, em-
ploying the amine, sodium nitrite, solid carbon di-
oxide, methanol and a small amount of water.
Sodium carbonate precipitates as the reaction pro-
ceeds, leaving a methanol solution of the nitrite.
The general reaction, using a primary amine as the
example, can be represented by the equation

2RNH, + CO: + H.0 + 2NaNO, —>
2RNH;-HNO; + Na,COs

The reaction between the amine and carbon di-
oxide in methanol in the absence of water formed
a white powder which precipitated at about —20°
and corresponded to the formula (RNH;)s-COs.
These substances could be filtered and isolated at
room temperature but they sublimed readily.
Compounds of this type have been previously ob-
served and identified.”

This white powder reacted with sodium nitrite
and water in the presence of methanol to produce
the ammonium nitrite.

This method has been applied successfully to
isopropylamine, diisopropylamine, diisobutyl-
amine and triethylamine, with a yield of about
75% of the nitrite in each case.

(1) The opinions or assertions contained in this paper are the
authors’ and are not to be construed as official or reflecting the views
of the Navy Department.

(2) Present address:
Schenectady, N. V.

(3) Present address: Rutgers University, New Brunswick, N. J.

(4) Van der Zande, Rec. trav. chim., 8, 205 (1889).

(5) Neogi, J..Chem. Soc., 99, 1252 (1911).

(6) Bamberger and Muller, Ber., 21, 847 (1888).

(7) Hayashi, Abst, Bull. Inst. Phys. Chem. Res. (Tokyo), 11, 133
(1932).

General Electric Research Laboratory,

The use of methanol instead of water as the sol-
vent permits the use of a lower temperature, thus
decreasing the formation of nitrosamines and the
decomposition of unstable nitrites. The evolu-
tion of carbon dioxide gas during the preparation
excludes oxygen and thus tends to prevent the
formatien of nitrates.

Table I summarizes the various reaction con-
ditions studied. Sodium nitrite is superior to po-
tassium nitrite since potassium carbonate sepa-
rates in a flocculent condition and is much harder
to filter. Absolute ethanol, acetone and isopropa-
nol are inferior to methanol as a solvent, un-
doubtedly due to the higher solubility of sodium
nitrite in methanol. The yield of sodium carbon-
ate is fairly constant in all of the cases in which
methanol was used. The yield of sodium carbon-
ate is probably a better measure of the extent of
the nitrite reaction than is the yield of the nitrite,
since in many cases the nitrites are difficult to iso-
late.

This new method of synthesis was tried for higher
molecular weight amines, whose nitrite salts are
not water soluble, and quite low yields were ob-
tained. It was found that some of these nitrites
had been described in the literature and were pre-
pared in aqueous solution but the yields reported
were often quite low and the methods were poorly
described. Dicyclohexylammonium mnitrite, a
compound not previously described, was prepared
in this study in 989, yield and the experimental
method used in its preparation is described as an
example. Dicyclohexylaminenitrite is easily
converted to the N-nitrosamine by warming in
dilute acid solution. A comparison of these two
materials shows the expected chemical behavior.

A study of the alkyl ammonium nitrite salts
which have been investigated indicates that, in
general, the salts of primary amines of low molecu-
lar weight and the salts of tertiary amines are
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TaABLE 1
PREPARATION OF AMINE NITRITE SALTS BY NEw METHOD

Inorg. Moles solvent Time, Naz2COs, N:at.lrz,te

Amine nitrite Solvent Moles mnitrite hr. % yield % yield
Di-isopropylamine NaNO, MeOH 7.5 3.5 76 76
Di-isopropylamine KNO, - MeOH 12.5 4.5 48°* 15
Di-isopropylamine NaNO, AbsEtOH 10.3 18 56% 43
Di-isopropylamine NaNO, Acetone 82 8 61% 19
Di-isopropylamine NaNO, +-PrOH 26.6 3.5 28°* 20

Di-isobutylamine NaNO; MeOH 15 3.5 74 66.5
Triethylamine NaNO; MeOH 12.5 3.5 75 68
Mono-isopropylamine NaNO, MeOH 10 4 75 74

@ Contained unreacted inorganic nitrite.

hygroscopic while the salts of primary amines of
high molecular weight and the salts of secondary
amines are not hygroscopic. The salts of highly
branched secondary amines appear to be the most
stable. :

Experimental®?

The following method was used in the preparation of
the nitrite salts: A mixture of 200 mesh C. p. sodium
nitrite, water and methanol was placed in a three-necked
two-liter round-bottom flask fitted with dropping funnel
and Hershberg stirrer. The stirred mixture was cooled
to 0° by the addition of solid carbon dioxide and the
amine was then added over a period of one and one-half
to two hours, a temperature of 0-5° being maintained by
the addition of solid carbon dioxide. Stirring was con-
tinued for about two hours, sufficient methanol being
added to wash the foam from the sides of the flask. The
precipitated sodium carbonate was filtered at room tem-
perature and washed well with methanol.l® The solvent
was removed from the filtrate under reduced pressure and
the solid product recrystallized from a suitable solvent.

The molecular weight of each of the nitrites was deter-
mined by boiling a weighed sample of the nitrite with an
excess of 0.5 N sodium hydroxide solution until the free
amine was volatilized and then titrating the residual
alkali with standard acid.

Diisopropylammonium Nitrite.—One mole of diiso-
propylamine (boiling at 81-85°), one mole of sodium
nitrite, 0.5 mole of water and 300 ml. of methanol gave
80 g. of sodium carbonate. The solution of the solid
nitrite in 500 ml. of anhydrous isopropanol, filtered to
remove sodium nitrite, gave 112 g. of nitrite when cooled
to —40°. The melting point of 136-7° was unchanged
by recrystallization from acetone and ethyl acetate.ll

Anal. Caled. for CgH;340,N.: C, 48.6; H, 11.0; N,
18.9; mol. wt., 148. Found: C, 48.7; H, 11.5; N,
18.6; mol. wt., 147.

Diisobutylammonium Nitrite.—The salt obtained from
0.5 mole of diisobutylamine (boiling at 136-140°), 0.5
mole of sodium nitrite, 0.25 mole of water and 300 ml.
of methanol was dissolved in 250 ml. of isopropanol. By
cooling the solution to —40°, 58.6 g. of colorless plates
melting at 145-146° was obtained.

Anal. Caled. for CsHy»O:N,: C, 54.5; H, 11.5; N,
15.9; mol. wt., 176. Found: C, 54.7; H, 11.2; N, 15.6;
mol. wt., 174.5. .

(8) The authors wish to acknowledge the help of Miss Nyla Mack
of the Chemistry Division, NRL, for some of the analyses.

(9) All melting points are corrected.

(10) The identity of the precipitate was established by X-ray
diffraction examination, performed by Ens. Birks of the Physical
Optics Division of NRL, and by comparison with an authentic
sample of anhydrous sodium carbonate.

(11) Van der Zande* reported a melting point of 140°. The
authors find that the melting point depends on the rate of heating,
approaching 140° in a rapidly heated bath.

Triethylammonium Nitrite.—One mole of triethyl-
amine (boiling at 88-90°), one mole of sodium nitrite,
0.5 mole of water and 500 ml. of methanol gave 81 g.
of sodium carbonate. Removal of the methanol in an
atmosphere of dry carbon dioxide at a temperature not
exceeding 25° gave one hundred grams of light tan crystals
melting at 94-97° with decomposition. The product
turned brown on standing at room temperature for a few
hours but was stable when stored at —40° over calcium
chloride in a vacuum desiccator. A solution of 2 g. of
the salt in 400 ml. of absolute ether gave white silky
needles when cooled to —60°. These needles melted at
96.5-98° in a sealed tube.!2

Anal. Caled. for CeH160:Nz:- mol. wt., 148. Found:
mol. wt., 146, 147.

Isopropylammonium Nitrite.—The reaction of one mole
of isopropylamine (boiling at 31-35°), one mole of sodium
nitrite, 0.5 mole of water and 470 ml. of methanol gave
a methanol solution which was evaporated under reduced
pressure in an atmosphere of carbon dioxide, the tempera-
ture being maintained below 25°. The white crystalline
product weighed 79 g. and melted at 47-49°. This sub-
stance is very hygroscopic and turns brown when stored
in a vacuum desiccator at room temperature, but is
stable in a dry atmosphere at —40°. Recrystallization
of the product from a solution of four parts of ethyl acetate
and one part of isopropanol, by cooling the solution to
—60°, gave white crystals which melted at 49-50° in a
sealed tube.

Anal. Caled. for C;H;0O:N,: mol. wt., 106. Found:
mol. wt., 107. "

Di-cyclohexylammonium Nitrite [ (CsHy ) NH-HNO,].—
Ten milliliters (9.1 g., 0.045 mole) of di-cyclohexylamine
(Monsanto) were mixed with 400 ml. of water, an excess
of concentrated hydrochloric acid was added and the
mixture was heated almost to boiling to dissolve the salt
formed. The solution was adjusted to pH 8 with ammo-
njum hydroxide. Solid C. p. sodium nitrite (150 g.)
was added, the mixture was stirred at 0° for one hour
and the precipitate was filtered and dried. The yield
was 11.2 g. (98%) of light tan crystals melting at 176-
178° with decomposition. Recrystallization from meth-
anol yielded colorless plates melting at 178-180° with de-
composition. Acidification of this product produced
the characteristic nitric oxide odor.

Anal. Caled. for CsHuN,O,: C, 58.8; H, 11.8; N,
13.7. Found: C, 58.6; H, 11.7; N, 14.0.

N-Nitroso-Di-cyclohexylamine [(CsHiyi):NNO].—A
sample of dicyclohexylamine acetate (m. p. 115-116°)
was warmed with an aqueous solution of acetic acid and
sodium nitrite. The insoluble precipitate was filtered
and recrystallized from acetone, yielding colorless crystals
of nitrosamine melting at 104-105°.

Anal. Caled. for CHpN:0: C, 68.5;
Found: C, 68.6, 68.8; H, 10.3, 10.5.

(12) Neogi [J. Chem. _SOC., 99, 1252 (1911)] and Ray [#bid., 101,
216 (1912)] reported that this compound forms yellow prisms de-
composing at 75°.

H, 10.5.
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A mixed melting point of the nitrosamine with di-
cyclohexylammonium nitrite showed the normal depres-
sion and wide range. N-Nitroso di-cyclohexylamine
failed to give nitric oxide fumes on treatment with cold
hydrochloric acid.

Summary

1. A new method is described for the prepara-
tion of alkyl ammeonium nitrites from amines, em-
ploying sodium nitrite, carbon dioxide and metha-

AvsopH H. CORWIN AND J. LLOYD STRAUGHN
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nol. The nitrites of isopropylamine, diisopropyl-
amine, diisobutylamine and triethylamine have
been prepared.

2. Alkyl ammonium nitrite salts of primary
amines of low molecular weight and the salts of
tertiary amines are in general hygroscopic while
the salts of secondary amines are not hygroscopic.

WASHINGTON, D. C. RECEIVED AUGUST 19, 1947

[CoNTRIBUTION FROM THE CHEMICAL LABORATORIES OF THE JOHNS HOPKINS UNIVERSITY ]

The Selective Degradation of Certain Pyrryl Polycarboxylic Esters?

By Arsopa H. CORWIN AND J. LLOYD STRAUGHN?

Publication of a method for the conversion of
Knorr’s pyrrole (2,4-dimethyl-3,5-dicarbethoxy-
pyrrole) into 2-carboxyl-3,5-dicarbethoxy-4-meth-
ylpyrrole* opened the way for the preparation of
many new pyrrole derivatives from this substance,
providing that methods for selective degradations
of the new acid could be found. The present pa-
per describes these seléctive degradations.
Knorr’s pyrrole is already one of the most readily
available substitution products of pyrrole. The
numerous additional substances that can be pre-
pared from it by transformations recorded below
make it the most versatile of all pyrrole deriva-
tives in the number and variety of chemical indi-
viduals which can be prepared from it.

Mechanism of Formation of 2-Carboxyl-3,5-
dicarbethoxy-4-methylpyrrole.—When Xnort’s
pyrrole is chlorinated with sulfuryl chloride in
glacial acetic acid, best yields of the desired
acid are obtained if the reaction is performed at as
low a temperature as possible. The use of 59,
acetic anhydride lowers both the freezing point of
the solution and its water content and increases
the yield of acid by 5-109,. Increasing the tem-
perature of the reaction, on the other hand, lowers
the yield of acid and increases the yield of alde-
hyde. This observation suggests that the alde-
hyde represents a by-product of the reaction and
not an intermediate in the formation of the acid.
This conclusion was confirmed by attempting to
halogenate the aldehyde under the conditions of
the reaction. No acid could be obtained and the
aldehyde was recovered unchanged. When the
same reaction was tried using 2-dichloromethyl-
3,5-dicarbethoxy-4-methylpyrrole, however, 459,
of acid and 369, of aldehyde could be obtained.
These results show that the dichloromethylpyr-
role can be an intermediate in the reaction and
that any of it which is converted to aldehyde in
the cotuirse of the reaction will not yield acid.

(1) Studies in the Pyrrole Series, XX; Paper XIX, Erdman and
Corwin, THIS JOURNAL, 69, 750 (1947).

(2) This paper is taken from the doctoral dissertation of John
Lloyd Straughn, The Johns Hopkins University.

(3) Presentaddress, Department of Chemistry, Western Maryland

College, Westminster, Md.
(4) Corwin, Bailey and Viohl, THIS JOURNAL, 64, 1267 (1942).

It is possible to convert benzal chloride and ace-
tic acid to benzaldehyde and acetyl chloride.’
The analogous reaction in the pyrrole series can be
represented schematically as

RCHCI; 4+ CH;COOH —> RCHO 4 CH;COC1 4 HCl

It is easily demonstrated that this reaction pro-
ceeds at 50° but not rapidly at 17°. At the higher
temperature hydrogen chloride is given off and the
distiliate contains acetyl chioride, as shown by its
reaction with aniline to form acetanilide. The di-
chloromethylpyrrole is best prepared by chlorina-
tion in chloroform, to avoid the possibility of alde-
hyde formation.

It follows from the observations recorded above
that the aldehyde is not an intermediate in the
formation of the acid, that the dichloro- and tri-
chloro-pyrroles are intermediates and that re-
action conditions should be directed toward the
stabilization of the dichloromethylpyrrole.

The Stability of Pyrryl-carboxylic Acids.—
By methods outlined below several pyrryl-
carboxylic acids were prepared which had one
methyl group and various combinations of three
electron attracting groups, either carboxyl or
carboxylic ester groups. None of these acids
could be decarboxylated smoothly by the usual
methods. When combinations were tried which
contained only two electron attracting groups,
however, decarboxylation took place smoothly.
This behavior is analogous to that found in the
benzene series in which electron releasing groups,
such as phenolic hydroxyl groups, facilitate decar-
boxylation and the addition of electron attracting
groups, such as carboxyl, to phenolic compounds
hinders decarboxylation.® Because of this situa-
tion, further reactions were directed toward prepa-
ration and degradation of derivatives of methyl-
dicarboxyl pyrroles.

(5) Jacobsen, German Patent 11494 (1879), See Frdl., 1, 24
(1888).
(6) A close analogy is afforded in the resorcylic acids. 2,6-Di-

hydroxybenzoic acid decomposes in the range of 150-170° while the
addition of a carboxyl group in the 3 position increases the stability
so that the material melts at 312° without marked decomposition.
See Senhofer and Brunner, Wien. Akad. Ber., 80, 504 (1879), and
Brunner, Ann., 361, 320 (1907).
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The flow sheet for the reactions to free the 2 and

5 positions is given in Chart I.47
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These reactions

prove that compound XIII has a methyl ester

CHART I
CH3 COOCsz Bl‘g CHs—_—'COOC2H5
CzHBOOCk JCOOH CgHsooc\N JBr
H
I I l‘ H,(Pd)
CH;7—COO0C:H; NaOH CH;m—COO0C,.H;
| — ||
HOO CszoOC\ H
H
v l heat III
CHs—ICOOCzHa
Tk
N-
A\ H

group in the 5 position. Compound X had
been prepared previously by Fischer and
Wiedemann by esterification of XII.2 This
esterification proves the structure of com-
pound X.

The flow sheet for the freeing of the 3
position is given in Chart III.

Compounds XXI and XIX were pre-
pared by Kordo, Ono and Sato® by a method
which establishes the structure of XIX,

In addition to the reactions outlined
above, certain other derivatives of com-
pound I were made as sketched in Chart
IV. Interrelationships with substances
with previously tagged ester groups are also"
shown.

The lack of identity of XXV and XXVII
makes possible the location of the free car-

The flow sheet for the reactions to free the 5 boxyl group in XXV, since it is known from
XXXI that the carbomethoxy group in the 3

position is given in Chart II.

CHART I1
CHgH———lCOOQHa CH,0H CHy—; COOQHs
—_—
-<———
Cng—,OOC\N JCOOH Ol CszOOCk )COOCH;
I H \
20H~
lOH-
CHg—-'l‘COO(:;H(, CH;OH CHg_—HCOOCaHs
- — <«
HOOC\ )COOCH; HOOC\N /COOH
N-
H H
VIII iBr2 iCH;OH
CH;WCOOCsz CHz_—HCOOCgHs
Br\ /COOCHa CH;00 /COOCH,
IX H XIII H
B2 46 2
CHQA*-_—ICOOC‘ZHE CHs_COOCQHE CHs——_COOCQHs
— R—
H coocC ‘ C J
\N ) OOCH; CH3OOC\N )CH; CH;00 \N COOH
H H H
X XV X1V
CH,O
KOH CzHr,OOCW"-—CH, CH;/—COOC.H;
cmood, ) Jeooc
3 OC\N/ CHy— N/COO 3
XI H H
CHq—‘“_“COOCzHa
COOH
XII H

Compound XIII was prepared from compound

XV by reactions analogous to those discusse

(7) See Corwin and Viohl, THIS JOURNAL, 66, 1145 (1944), for

the preparation of compounds IV and V.

d in

position is intact.

(8) Fischer and Wiedemann, Z. physiol. Chem., 15656, 58 (1926).
(9) Kordo, Ono and Sato, J. Pharm. Soc. Japan, 67, 1 (1937;.

The analysis of XXXI makes

See C. A., 31, 7055 (1937).



1418

CuART III
S0,Cl,

—
H,0

CHr———”Br
CszOOC\N /CHa
XVI H

XVII H

\L (CoHs)2S04

>

CHg—'_,H
CgHEOOC\ JCOOCsz
N

H
lOH—

CHs—"i‘H
C:H;00C : JCOOH
N
XX H
\heat

HOOCL JCOOCzHa
N
H

XXI

H,
(Pd)

N

XIX XVIII H

(CoH5)2S0,4

XXII H

XXIII H

it possible to deduce the position of the group
by alkali.

Compounds XXXIII, XXXIV and XXXV
were all prepared from compound I. The ester
interchange observed in preparing compound
XXXI1V is not unusual when a-esters are treated
with strong base.® A corresponding change
when esterification takes place under the influence
of an acid catalyst is rare. The melting point of
the triethyl ester, XXXV, is so low, 45—46°, as to
render the substance undesirable for preparational
purposes. This is the reason for choosing to make
derivatives from the monomethyl ester, VIII,
which melts at 75°.

The experiments summarized above add five
new cases, compounds I, ITI, VI, X and XXX to
the generalization that attack by an alkaline
catalyst upon an ester group is oriented « in pref-
erence to 8 whenever there is a choice.

One of us, J. L. S., wishes to acknowledge a
grant-in-aid from the Hynson, Westcott and Dun-
ning Research Fund.

Experimental Section

2-Carboxy-3,5-dicarbethoxy-4-methylpyrrole (I).—
The directions given by Corwin, Bailey and Viohl* were
modified in an effort to find optimum conditions for the
reaction. The use of 109, of anhydrous formic acid in
glacial acetic acid gave a slight increase in yield, due to
the lower freezing point. A 59, solution of acetic anhy-
dride in glacial acetic acid gave a lower freezing point
and a consistently higher yield. At 50°, no acid was
obtained but a good yield of aidehyde was formed.

2-Formyl-3,5-dicarbethoxy-4-methylpyrrole was treated
with bromine and sulfuryl chloride in acetic acid under
the conditions used for the halogenation of 2,4-dimethyl-
3,5-dicarbethoxypyrrole. The acetic acid was removed

(10) Corwin and Ellingson, THIS JOURNAL, 66, (a) 1146, (b) 1150,
(c) 1149 (1944).
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CHa—ﬂBr
C:H
2 ;,OOC\N/

CHg—;By
C,H,00C JCOOCQHS

CHy—
C2H500C\N JH
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C3H;00C JH
2H \N
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by distillation under reduced pressure and
the residue extracted with ether and then
with toluene. The ether solution was
concentrated by evaporation and the red
oil remaining was allowed to crystallize.
These crystals give a positive Beilstein
test but on treating with alcohol and
water the precipitate formed was the
starting aldehyde. After partial evapora-
tion of the toluene solution crystals of the
aldehyde were also obtained. In still an-
other experiment the halogenation was
completed and the hydrolysis with water
carried out in a manner identical to that
used for the preparation of the acid. No
acid was obtained.

When the same reaction was repeated
on 2-dichloromethyl-3,5-dicarbethoxy-4-
methylpyrrole (see below) a yield of 45%
of the acid and 369, of the aldehyde was
obtained.

2-Dichloromethyl-3,5-dicarbethoxy-4-
methylpyrrole.—Fifty grams of 2,4-di-
methyl-3,5-dicarbethoxypyrrole was dis-
solved in 200 cc. of dry, freshly redistilled
C. p. chloroform (U. S. P. chloroform
is unsuitable because it contains alcohol) ;
34 cc. of sulfuryl chloride was added at
about 40°. The solution was boiled to
remove hydrogen chloride and the chloro-
form was then removed under vacuum.
The crystals which formed were washed with hexane and
crystallized from toluene. The use of alcohol for the crys-
tallization, as suggested by Fischer, Sturm and Friedrich,!
causes decomposition of the substance and is probably re-
sponsible for the failure of these investigators to obtain
the compound; m. p. 124-125°.

Anal. Caled. for CuHmOgNClz:
Found: C, 46.83; H, 4.88.

Reaction with Glacial Acetic Acid. (a) Cold.—A
solution of 3 g. of the dichloromethylpyrrole in 25 ml. of
glacial acetic acid at 17° in a flask was closed with a rubber
stopper and placed in an ice-box for eight hours with
occasional shaking. The semi-solid mass was then
filtered with suction. The filtrate gave no test for acetyl
chloride with aniline; 2.3 g. of the starting material was
recovered. We conclude that these substances do not
react appreciably under the conditions of the trichlorina-
tion reaction.

(b) Warm.—A solution of 4 g. of the dichloromethyl-
pyrrole and 25 ml. of glacial acetic acid was placed in a
50-ml. round flask fitted with a small fractionating column
with a condenser attached to the side arm. The solution
was heated on a water-bath for one hour at 50°, then
distilled. The fraction below 60° gave a crystalline
precipitate with aniline, identified as acetanilide by its
melting point. The solid remaining in the flask was
crystallized from dry toluene. A mixed m. p. with 2-
formyl-3,5-dicarbethoxy-4-methylpyrrole gave no de-
pression.

2-Carbomethoxy-3,5-dicarbethoxy-4-methylpyrrole
(VI). First method.—Five grams of (I) was dissolved in
a cold solution of 1.1 g. of potassium hydroxide in 25 ml.
of methanol and 2.3 ml. of dimethyl sulfate added drop-
wise while stirring. After standing half an hour, it was
poured into aqueous sodium bicarbonate, filtered and the
precipitate crystallized from methanol-water. The methyl
ester can be purified by distillation at 235-240° at 20 mm.
or by crystallization from hexane, in which it is slightly
soluble; m. p. 75°.

Second Method.—This is the method of choice. To
a mixture of 25 g. of (I) in 125 ml. of anhydrous methanol
in a 250 ml. standard taper Erlenmeyer flask 1.5 g. of
dry hydrogen chloride was added and the solution then
refluxed for an hour. The solution was stirred into five
times its volume of ice water containing 6 g. of sodium

COOH

h67
Br

C, 46.77; H, 4.91.

(11) Fischer, Sturm and Friedrich, Ann., 461, 267 (1928).

\
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bicarbonate to dissolve any starting ma-
terial. The ester separated as an oil
which hardened after two hours of stand-
ing and was purified by distillation under
reduced pressure and by crystallization
from purified hexane; yields, 85-95%:;
m. p. 75°. This ester is insoluble in bi-
carbonate but is soluble in sodium hy-
droxide solutions, due to the acidity of
the NH group under the influence of the
three electron-attracting groups present.

Anal. Caled. for CpHpOeN: C,
55.09; H, 6.05. Found: C, 55.17; H,
5.92.

2,5-Dicarboxy-3-carbethoxy-4-methyl-
pyrrole (VII).—This substance is best
prepared from (I). Fifteen grams of (I),
4.5 g. of sodium hydroxide and 150 ml. of
water were refluxed two and one-half hours
in a 500-ml. Erlenmeyer flask. The solu-
tion was poured into an equal volume of
water and acidified to the congo red end-
point with hydrochloric acid. The pre-
cipitate was filtered off, washed well with
distilled water and pressed dry. The
pyrrole acid was then resuspended in
water to remove the hydrochloric acid.
After filtering and washing, it was dried
to constant weight at 70°. A small
amount of the di-acid was obtained from
the filtrates by allowing them to stand.
The material was crystallized from eth-
anol and from 609, acetone in water;
yield (crude), 85-95%; m. p. 236-237°
(dec.).

Amnal, Caled. for CoH;;O6N: C, 49.79;
H, 4.60. Found: C, 49.71; H, 4.56.

The crude material is sufficiently pure
for subsequent reactions if prepared from
starting material which has been recrys-
tallized several times from ethanol.

The same substance is obtained by
the alkaline hydrolysis of (VI) and of
(XXXV). The acidity of the pyrryl
nitrogen is sufficient in each case to dis-
solve the pyrryl esters in aqueous alkali.

2-Carbomethoxy-3-carbethoxy-4-
methyl-5-carboxypyrrole (VIII).—Seven
and three-tenths grams of (VII) previ-
ously crystallized from acetone-water, and
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75 ml. of methanol containing 0.5 g. of dry hydrogen chlo-
ride were refluxed in a 250-ml. Erlenmeyer flask for one
hour, the solution cooled to room temperature and then
poured into 300 ml. of ice water containing sufficient so-
dium bicarbonate to dissolve the half esterified pyrrole.
After standing in the ice-box for one hour, the by-product
(XIII) was filtered off (dry yield 0.7 g.) and the 5-
carboxypyrrole was ‘isolated by acidification of the
filtrate. It was washed with water and dried in the oven
at 70°; yield, 6.2 g. or 889%,. The pyrrole was crystal-
lized from acetone-water or alternatively from acetone-
hexane; m. p. 204-205°.
2-Carbomethoxy-3-carbethoxy-4-methyl-5-bromo-
pyrrole (IX).—To a solution of 2.7 g. of (VIII) in 30 ml.
of glacial acetic acid at 45°, 1.8 g. of bromine in 8 ml. of
glacial acetic acid was added in ten minutes. The solu-
tion became clear. After ten minutes of standing 20 ml.
of water was added in twenty minutes. After standing
for forty-five minutes it was poured into 200 ml. of ice
water and placed in the ice-box for one hour. The pre-
cipitate was filtered off, washed with water, dissolved in
50 ml. of methanol and sodium bicarbonate added until
no more carbon dioxide was evolved. The bromopyrrole
was reprecipitated by pouring the methanol solution into
200 ml. of ice water. After standing for one hour, the
precipitate was filtered, washed with water and dried
at 50°. It can be recrystallized from methanol-water.

A small amount (0.2 g.) of the starting acid was recovered
on acidification of the filtrate obtained after the bicarbon-
ate treatment; yield, 1.8 g. or 60%; m. p. 116-117°.

Amnal. Caled. for CoH;2OsNBr: C, 41.40; H, 4.17.
Found: C, 41.32; H, 4.24. This substance was also
obtained by the bromination of compound X (see below).

2-Carbomethoxy-3-carbethoxy-4-methylpyrrole (X).—
For the dehalogenation of 2 g. of (IX), it was dissolved
in 50 ml. of methanol and 500 mg. of magnesium oxide,
500 mg. of Norite and ten drops of 109, palladium chlo-
ride solution were added. The reduction required two
hours under a pressure of two atmospheres of hydrogen.
The catalyst was filtered off and washed with a few milli-
liters of hot methanol. The filtrate and washings were
combined and dried under reduced pressure below 45°.
The solid was dissolved in ether, transferred to a small
beaker and the ether evaporated. It was then dissolved
in the minimum quantity of ethanol at room tempera-
ture and cooled in an ice-bath. Ice water was added,
drop by drop, while scratching the sides of the beaker,
until the pyrrole crystallized; yield, 1.2 g. or 83%:;
m. p. 62°.

This pyrrole has also been prepared by the esterification
of (XII) with diazomethane?; m. p. reported, 59°.

For further identification the pyrrole was brominated
in glacial acetic acid. Fine needles of (IX) were obtained,
m. p. 116°, mixed m. p., no depression.
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2-Carboxy-3-carbethoxy-4-methylpyrrole (XII).2—Two
hundred milligrams of (X) was hydrolyzed with 70 mg.
of potassium hydroxide and 10 ml. of 80% ethanol.
After precipitation and separation from unchanged ester
the pyrrole was filtered off, washed, and crystallized from
ethanol-water; colorless crystals, m. p. 197-197.5° with
loss of carbon dioxide. Piloty and Hirsch?? report
196°.

3,3’-Dimethyl-4,4’-dicarbethoxy-5,5 '-dicarbomethoxy-
dipyrrylmethane (XI).—Two hundred milligrams of (X),
3 ml. of 709 acetic acid and 0.3 ml. of 40%, formaldehyde
were refluxed for five minutes and 0.1 ml. more of form-
aldehyde was added through the condenser. After
refluxing for ten minutes longer, 2 ml. of water was
added and the solution was placed in an ice box until
crystallization was complete. The product was recrystal-
lized from methanol-water; m. p. 158-159°.

Anal. Caled. for CyHz0sN,: C, 58.06;
Found: C, 57.79; H, 6.01.

2-Carboxy-3-carbethoxy-4-methyl-5-carbomethoxy-
pyrrole (XIV).—Twenty-five grams of (XV) 1% was treated
with sulfuryl chloride and bromine by the procedure given
ii%r7 %ompound I; yields: aldehyde, 36%; acid 38%; m.p.
Anal. Caled. for C;yH;30¢N: C, 51.76;
Found: C, 51.69; H, 5.17.

2,5-Dicarbomethoxy-3-carbethoxy-4-methylpyrrole
(XIII) .—This was prepared from (XIV) by esterification
with dimethyl sulfate and with methanol and acid, in
each case following the procedure used for compound
VI. The latter method gave better yields. The product
crystallizes from methanol in colorless crystals; m. n.
131-132°.
Anal. Calced. for ClelaoaN: C, 53.52;
Found: C, 53.61; H, 5.59.

2-Carboxy-3-bromo-4-methyl-5-carbethoxypyrrole
(XVII).—This was prepared from (XVI) by a procedure
essentially the same as for (I), given above; m. p. 254°
with decomposition.
Anal. Caled. for CgH;ONBr: C, 39.13;
Found: C, 39.12, 38.98; H, 4.31, 4.29.
2-Formyl-3-bromo-4-methyl-5-carbethoxypyrrole.—
This was obtained as a by-product in the preceding prep-
aration. If desired in quantity it can be prepared in a
manner exactly analogous to that used for 2-formyl-3,5-
dicarbethoxy-4-methylpyrrole.®* It was prepared by
Fischer, Berg and Schormiiller!*s using ether as a solvent.
The use of glacial acetic acid is preferable.
2,5-Dicarbethoxy-3-bromo-4-methylpyrrole (XVIII).15
—This pyrrole was prepared by the esterification of
(XVII) with diethyl sulfate in alcoholic potassium hy-
droxide by the first procedure under compound VI. The
product crystallizes from ethanol-water in colorless needles
melting at 85°.
Amnal. Caled. for CyyH;4O(NBr:
Found: C,43.43; H, 4.73.
2,5-Dicarbethoxy-4-methylpyrrole (XIX).—The pro-
cedure for the dehalogenation of (XVIII) was the same
as that used in the preparation of (X), given above;
yield, 629%. Recrystallized from hexane or alcohol-
water; m. p. 62°. This pyrrole has also been prepared
from (XXI) which in turn was prepared by the condensa-
tion of the ethyl ester of glycine hydrochloride with

H, 6.03.

H, 5.13.

H, 5.62.

H, 3.65.

C, 43.44; H, 4.64.

acetylacetoacetic ester in alkaline solution.? Kordo,
Ono and Sato report m. p. 61°.
2-Carboxy-4-methyl-5-carbethoxypyrrole (XX).—One

and five-tenths grams of (XIX) was placed in a solution
of 0.25 g. of sodium hydroxide in 25 ml. of 809, ethanol
and the mixture refiuxed for two hours. An equal volume
of water was then added, the solution filtered and the

(12) Piloty and Hirsch, Ann., 296, 70 (1913).

(13) Fischer and Ernst, ibid., 447, 147 (1926).

(14) Fischer, Berg and Schormiiller, ibid., 480, (a) 155, (b) 114
(1930).

(15) Performed by S. R. Buc.
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filtrate acidified with hydrochloric acid. The acid was
filtered off, washed with water and crystallized from
ethanol-water; m. p. 210-215° with decomposition.

Anal. Caled. for C;H;;ON: C, 54.82; H, 5.62.
Found: C, 54.88; H, 5.58.
2-Carbethoxy-3-methyl-4-bromopyrrole (XXII).—The

decarboxylation of (XVII) was carried out by the method
of Fischer, Berg and Schormiiller.!®* This method could
be used only with quantities less than 2.5 g. The decar-
boxylation must be performed within five to ten seconds,
for the bromopyrrole reacts with hot glycerol to form
acrolein; m. p. 179-183°; yield, 40%,.

Anal. Caled. for CsH;0O;NBr: C, 41.38; H, 4.31.
Found: C, 41.34; H, 4.38. )

2-Carbethoxy-3-methylpyirole (XXIII).—One and a
half grams of (XX) was heated with 6 g. of anhydrous
glycerol and the distillate collected in a distilling flask
cooled with running water. The new pyrrole distilled
between 270 and 290°. Five cc. of ethanol was added to
it cautiously and the solution was poured into 25 cc. of
ice water. After scratching, the pyrrole precipitated
as fine crystals which were filtered off and air-dried;
m. p. 56°. Fischer and Wiedemann report 56°.28

This substance was also prepared by the dehalogenation
by (XXII) by the method used in the preparation of (X)
above; m. p. 56°; mixed m. p. with material from the
decarboxylation of compound XX, 56°.

2,3,4-Tricarboxyl-4-methylpyrrole (XXIV).—A solution
of 25 g. of (I) and 12 g. of sodium hydroxide in 100 ml.
of water was placed in a 200-ml. round flask connected
to a fractionating column filled with glass helices and
fitted with a reflux finger. The side arm of the column
was connected to a condenser with a graduated cylinder
as the receiver. The flask was heated on a water-bath
for two hours. During this time 5 ml. of alcohol was
collected below 80°. The flask was then heated with a
free flame for four hours longer until the calculated amount,
12 ml., was obtained. The mixture was transferred to a
250-ml. beaker, cooled in an ice-bath and hydrochloric
acid added to the congo red end-point. A thick white
precipitate was formed which was filtered off with suction
and the filtrate used to wash out the beaker. The product
was crystallized from boiling water using Norite. It
contained some sodium chloride which could be removed
by several recrystallizations. The pyrrole is too soluble
in cold water to permit washing to remove the salt. The
product is insoluble in most organic solvents. It chars
slightly when heated to 360°; yield, 15 g. or 76%,.

Anal. Caled. for CsH;O¢N: C, 45.08; H, 3.31.
Found: C, 44.97; H, 3.37.

2,3-Dicarbomethoxy-4-methyl-5-carboxypyrrole (XXV).
First Method.—A solution of 400 mg. of (XXIV) in 7
ml. of methanol previously saturated with dry hydrogen
chloride was refluxed for five hours and then poured into
40 ml. of ice-cold sodium bicarbonate solution. After
standing overnight in the ice box, the precipitate (XXVI)
was removed by filtration and the filtrate acidified with
hydrochloric acid. It was necessary toadd a small amount
of salt and to cool the solution before the product (XXV)
precipitated. It was filtered off and crystallized from
acetone—water; m. p. 211-211.5° with slight decom-
position.

Anal. Caled. for CioHOsN:
Found: C, 49.92; H, 4.71.

Second Method.—Five hundred milligrams of (XXXI)
and 10 ml. of methanol containing dry hydrogen chloride
were allowed to react in the manner described for the
preparation of (VIII) above. The pyrrole obtained crys-
tallized from acetone-water and melted at 211-212°;
mixed m. p. with XXV prepared from the tricarboxyl-
pyrrole, no depression. .

2,3,5-Tricarbomethoxy-4-methylpyrrole (XXVI).—This
was prepared from (XXVII) with dimethyl sulfate and
with methanol and hydrochloric acid by the procedures
described above for (VI). The triester crystallizes from
methanol; m. p. 142-143°.

C, 49.79; H, 4.60.
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The same substance was also obtained in small amounts
in the esterification of XXIV (see XXV above) and of
(XXXI). It was also prepared by the esterification
of (XXV). Melting points and mixed melting points
of all these preparations are identical.

Amnal. Caled. for CuH]gOsN: C, 51.76;
Found: C, 51.67; H, 5.10.

2 - Carboxy - 3,5 - dicarbomethoxy - 4 - methylpyrrole
(XXVII).—Seven grams of (XXVIII)!® was treated with
sulfuryl chloride and bromine by the method given for
(I); yield of acid, 4.5 g. or 59%; colorless needles from
methanol; m. p. 205-206°.

Anal. Caled. for C;oHjOsN:
Found: C, 49.69; H, 4.58.

2-Carboxy-3-carbomethoxy-4-methyl-5-carbethoxy-
pyrrole (XXX).—Twenty-one grams of (XXIX)Me was
treated with sulfuryl chloride and bromine in the manner
described for the preparation of (I); yield of acid, 17.3
g., or 73%. This pyrrole crystallizes from ethanol in
fine needles; m. p. 157-158°.

Anal. Caled. for CyHpON: C, 51.76;
Found: C, 51.87; H, 5.16.

2,5-Dicarboxy-3-carbomethoxy-4-methylpyrrole
(XXXI).—One gram of (XXX) was dissolved in 15 ml.
- of water containing 0.55 g. of potassium hydroxide and
the same procedure followed as for the preparation of
(VII). The product obtained was crystallized twice
from acetone—water, the first time using Norite; m. p.
243° with decomposition.

Amnal. Caled. for CoHyOgN:
Found: C, 47.59; H, 4.02.

2,3-Dicarbomethoxy-4-methy!-5-carbethoxypyrrole
(XXXII).—The same procedure was followed as for the
preparation of (VI) using potassium hydroxide and di-
methyl sulfate. The product crystallizes from methanol
in colorless needles melting at 111°.

Anal. Caled. for CpH;;ON: C, 53.52;
Found: C, 53.45; H, 5.57.

2,5-Dicarbanilido-3-carbethoxy-4-methylpyrrole
(XXXIII) .—A solution of 10 g. of (I) and 20 cc. of aniline
was refluxed for three and a half hours and poured into
a mixture of 100 ml. of hydrochloric acid and 500 ml.
of water. The precipitate was fltered off, dissolved in
hot alcohol and reprecipitated in an ice-hydrochloric acid
mixture. The precipitate was then crystallized from
methanol; m. p. 196° after sintering at 192°,

Anal. Caled. for 022H2104N3: C, 67.48;
Found: C, 67.34; H, 5.86.

The position of the second anilide group has not been
established. It seems probable that it is in the alpha
position because of the numerous analogies in the pyrrole
series.

1,4-Dimethyl-2,5-dicarbomethoxy-3-carbethoxypyrrole
(XXXIV).—A solution of 25 g. of (VI) in 250 ml. of dry
toluene was treated with 3 g. of metallic sodium, added
in small portions between 95 and 100°. When all of the
sodium had reacted, 11 ml. of dimethyl sulfate was added
slowly to the solution. The solution was refluxed for
one hour, filtered while hot and the toluene distilled off
with steam. The residue was dissolved in cold methanol
and the pyrrole precipitated by pouring into five times its
volume of water. After standing for two hours the

H, 5.13,

C, 49.79; H, 4.60.

H, 5.138.

C, 47.58; H, 3.99.

H, 5.62.

H, 5.41.

(16) Kiister, Weber, Maurer, Schlack, Niemann, Willig and
Schlayerbach, Z. physiol. Chem., 121, 135 (1922).
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pyrrole was filtered off and crystallized from methanol-
water; m. p. 60°.

Anal. Caled. for CHisOsN: C, 57.33; H, 6.33.
For C;3sH;;O¢N: C, 55.05; H, 6.04. Found: C, 55.19,
55.18; H, 6.11, 6.02.

1,4-Dimethyl-2-carboxyl-3-carbethoxy-5-carbometh-
oxypyrrole.—A solution of 1 g. of potassium hydroxide in
25 ml. of methanol was added to 5 g. of (XXXIV). A
precipitate formed immediately and dissolved on the addi-
tion of water. The solution was filtered and the filtrate
acidified with hydrochloric acid to precipitate the pyrrole
acid. - The procedure used for the purification of (VII)
was then followed. The product was crystallized from
methanol-water; m. p. 88°.
5 ﬁl}nal. Caled. for CioH;s06N: N, 5.21. Found: N,

2,3,5-Tricarbethoxy-4-methylpyrrole (XXXV).7—This
must be prepared from acid (I) which has been recrystal-
lized several times. The preparation is the same as for
(VI) except that anhydrous ethanol is used. The al-
coholic solution was poured into water containing an excess
of sodium bicarbonate. An oil separated and was ex-
tracted with ether. The extract was evaporated on a
steam-bath. Portions of the residue were purified by
distilling three times at 195° and 1 mm. pressure in the
Craig microdistillation apparatus.’® A yellowish oil is
obtained that solidifies slowly to give a white, waxy solid;
m. p. 45-46°

Anall® Caled. for C H;)OsN: C, 56.56;
Found: C, 56.33, 56.15; H, 6.54, 6.63.

H, 6.44.

Summary

1. Itisshown that 2-dichloromethyl-3,5-dicar-
bethoxy-4-methylpyrrole reacts with glacial ace-
tic acid to form the pyrryl aldehyde and acetyl
chloride. S

2. This pyrryl aldehyde is not an intermediate
in the formation of 2-carboxyl-3,5-dicarbethoxy-
4-methylpyrrole.

3. Carboxylic ester groups hinder decarboxyla-
tion in the pyrrole series.

4. Selective freeing of ring positions on tricar-
boxylpyrrole derivatives may be secured by replac-
ing the first carboxyl group with bromine fol-
lowed by selective degradations of the resulting di-
carboxyl derivatives.

5. Flow sheets are given for the freeing of the
2,3 and 5 positions in derivatives of 2,3,5-tricar-
boxyl-4-methylpyrrole.

6. Five new cases have been added to the
generalization that attack by an alkaline catalyst
upon pyrryl-carboxylic ester groups is oriented «
instead of 8 whenever there is a choice.

BALTIMORE 18, MARYLAND RECEIVED SEPTEMBER 6, 1947

(17) We wish to acknowledge the aid of Bryant Harrell, Jr., in
this preparation.

(18) Craig, Ind. Eng. Chem., Anal. Ed., 8, 223 (1936).

(19) Performed by C. Karr,
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The Leuckart Reaction: A Study of the Mechanism

By VINCENT J. WEBERS! wiTH WILLIAM F. BRUCE

The preparation of N-benzhydryl formamide
from henzophenone by the Leuckart reaction has
been reported by Leuckart and Bach? using am-
monium formate. The compound has been pre-
pared in this laboratory by the general procedure
of Ingersoll® with good results. Since Ingersoll*
stated that somewhat higher yields might be ex-
pected in the Leuckart reaction if formamide it-
self were used rather than ammonium formate,
benzophenone was refluxed with 999, formamide;
after refluxing for four hours or more, much lower
yields of the order of 409, N-benzhydryl forma-
mide were obtained, accompanied by recovery of
the benzophenone. This unexpected result led
the authors to a study of some factors that influ-
ence the Leuckart reaction, in order to determine
the conditions under which formamide can be
used effectively in the reaction, and to elucidate
the mechanism. Catalysis by a selected group of

salts was found to be important in securing a good
171‘(\1"‘ t+hia reaction

i
-yl\— A 114 LaiAw AT Qe vavaa

Benzophenone is a good choice for a study of
the reaction, as there are apparently no significant
side reactions except the decomposition of forma-
mide and the product is readily identified and
purified. The reaction of benzophenone with
formamide was carried out under a variety of con-
ditions. Since the Leuckart reaction is concerned
essentially with the formation of a formyl deriva-
tive, and not per se with the hydrolysis of the
formyl compound to the amine, this formyl in-
termediate itself was isolated. It was found that
one mole of benzophenone gave a homogeneous
reaction mixture with six moles of formamide at
180~190°, but not with four moles; hence all the
experiments were run using six moles of the re-
agent. The results of these experiments are sum-
marized in Table I. For convenience, the amounts
of reagents are referred to on the basis of one mole
of benzophenone, although 0.467 mole was used in
each case. :

The procedure given in ‘‘Organic Syntheses’
was followed, and a 929, yield of N-benzhydryl
formamide was obtained (TableI,run 1). Schiedt,’
using a very large excess of formamide, reported
excellent yields. In order to test this with the
999, formamide, benzophenone was treated with
18 moles of this reagent for four hours. The
amide was obtained in 879, yield, based on the
benzophenone used (Table I, run 2). In contrast

(1) Preseat address: Department of Chemistry, University of
Minnesota, Minneapolis 14, Minnesota. ’

(2) Leuckart and Bach, Ber., 19, 2128 (1886).

(38) Ingersoll, ‘“‘Organic Syntheses,’”” Coll. Vol. II, John Wiley and
Sons, Inc., New York, 1943, p. 503.

(4) Ingersoll, Brown, Kim, Beauchamp and Jennings,

JournNaL, 68, 1808 (1936).
(5) Schiedt, J. prakt. Chem., 187, 203 (1941).

THIS

with this, the use of six moles of formamide gave
less than 509, conversion (Runs 3-A and 4-A),

In testing the effect of the addition of various
substances to the reaction mixture, all the runs
numbered 3 were made in the same oil-bath at the
same time and likewise for the runs numbered 4
in order to secure reaction conditions as compar-
able as possible. Runs 3-A and 4-A, with the
same reagents, served as controls so that a com-
parison might be made between the two sets.
The runs were made for four hours in each case.
The results given in Table I show that the addi-
tion of a base, dimethyl aniline, or the ‘“Zwitter-
ion,” pyridine-3-sulfonic acid to the reaction mix-
ture had little effect on the amount of conversion
(Runs 3-B and 4-C). The addition of the ammo-
nium salts of sulfuric and formic acids, and of an-
hydrous magnesium chloride, an acid in the Lewis
sense, increased the conversion by significant
amounts (Runs 3-C, 4-B, and 4-C).

Mechanism.—The mechanism generally pro-
posed for the reaction was advanced by Wal-
lach® and reiterated by Crossley and Moore’

H,0 185
H;NCHO —> NH,OCHO ——> NH; + HCOOH

I .
NH.
R, R/~ HCOOH
>CO + NH; —> >COH ————
R» Ry
II I1X

Ry
N >CHNH2 + CO; + H,0
2

R]RgCHNHz + HCOOH ——> R1R2CHNH3000H —_—
R;R:CHNHCHO + H,0

Doevre and Courtois® and Davies and Rogers?®
suggest that in the reaction between ketones and
formamide, the first reaction is the addition of
formamide to the carbonyl group

R; R, OH
CO + H,NCHO T—=> >c<

R Ry, \NHCHO

11 I v

A compound of the same type as 1V is reported by
Shive and Shivel?; they isolated a-hydroxy-a-
formaminopropionic acid on mixing pyruvic acid
with formamide at 40°. These investigators
agree that the first step is the formation of a car-

(6) Wallach, Ann., 343, 54 (1905).

(7) Crossley and Moore, J. Org. Chem., 9, 529 (1944).

(8) Doevre and Courtois, Bull. soc. chim., 11, 545 (1944).

(9) Davies and Rogers, J. Chem. Soc., 126 (1944).

(10) Shive and Shive, THIS JOURNAL, 68, 117 (1946); for the addi-
tion of amides to a-ketoacids, see also Shemin and Herbst, 7bid.,
60, 1954 (1938); Herbst and Martell, J. Org. Chem., 6, 878 (1941).
For the addition of amides to aldehydes, see Pandya, et al., Proc.
Indian Acad. Sci., 10A, 282 (1939), and 7TA, 361 (1938) [C. A., 34,
19800 (1940), and C. A., 32, 74342 (1938)].
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TABLE I
LEUCKART REACTIONS UNDER VARIOUS CONDITIONS WITH BENZOPHENONE (1 MOLE)

Run Reagent -

1 ("Org Syn.”) 6 moles HCO,NH,

2 18 moles 999, HCONH;

3-A 6 moles 99% HCONH,

3-B Same, plus 2.1 g. Me;NCsHj

3-C Same, plus 6.4 g. (NH,)2SO,

4-A Same as 3-A°

4-B 1 mole NH,OOCH plus 5 moles 999, HCONH;
4-C 4-A plus 6.3 g. pyridine-3-sulfonic acid

4-D -4-A plus 6.3 g. MgCl,

. @ These figures for benzophenone recovered on distillation are 1-2%, too high;
¢ To compare series 3 with series 4, run on different days.

tilled over during the reaction.
because of the lower boiling point of this mixture.

bon-nitrogen bond between the carbon atom of the
carbonyl group, and the nitrogen atom of ammo-
nia or formamide. This is then followed by the
reduction of the alcohol thus formed by means of
formic acid or formamide, respectively.

It is probable that the catalytic effects ob-
served by us are due to an initial polarization of
the carbonyl group of the ketone. The magne-
sium chloride, or its reaction product with forma-
mide, Mg(HNCHO);, or magnesium ion could co-
ordinate with the oxygen atom of the carbonyl
group. The function of an ammonium salt as a
catalyst for the reaction is probably to furnish a
proton from a complex in equilibrium?!! with its
dehydration product, the amide. It can be as-
sumed that the formation of an amide from an
ammonium salt involves stepwise loss of an hy-
droxyl ion and a proton from the intermediate,
R-C(OH),NH,, proposed by Noyes and Goebel'?;
Krieble and Holst!® suggest that that the ion

RC/ in this reac-
NNE, +

tion; this ion can give up a proton to form the
amide. A proton can also coordinate with the
carbonyl group, increasing the effective positive
charge on the carbon atom (making it more
acidic), and facilitating the condensation with the
relatively basic nitrogen atom of formamide

R, R; +
>co FHY > >C=OH —
2

II
+ HZNCHO R1
C—OH ——— > <
NHzCHO

R,
Ry
R;
2o F >C<+
NHCHO Ry N—
H,
v
The reaction sequence in the case of magnesium

chloride is similar; and if the reaction proceeds as
suggested by Wallach, by the addition of ammo-

(11) Sidgwick, ‘“The Organic Chemistry of Nitrogen,” Oxford
University Press, London, 1942, p. 145.

(12) Noyes and Goebel, THIS JOURNAL, 44, 2205 (1922).

(13) Krieble and Holst, $béd., 60, 2978 (1938).

is also intermediate

Temp. of Ketoned Amide M. p. of
reaction, recovered, obt., distilled
°C. % % amide (cor.), °C.
180~190 2° 92 131-132
180-190 1 87 130-132
180-190 46 48 125-129
180-190 40 51 126-129
180-190 12 80 123-126
180-190 61.5 37.5 123-129
170-176¢ 2 95.5 131-133
180-190 67.5 30.5 124-130
180-190 2 95.6 129.5-133
see experimental. b This ketone dis-

4 The temperature is lower

nia, the catalysis could be explained on the same
basis. The report of Crossley and Moore,” that
the yield in the Leuckart reaction is lower at
higher temperatures, may be due to lower concen-
trations of ammonium formate at these tempera-
tures.

The Leuckart reaction using monoalkyl forma-
mides!*! or dialkyl formamides®!%'7 has not
been investigated by the authors, but it is probable
that they show the same catalysis. WallachS$
found that when formic or acetic acid is added to a
mixture of benzaldehyde and ammonium formate,
only tribenzylamine was found in the product,
whereas Leuckart'” showed that the reaction with-
out the addition of acid gave a mixture of N-ben-
zyl formamide, N,N-dibenzyl formamide, and
tribenzylamine. Nabenhauer!® found that the
addition of formic acid is essential when tertiary
amines are prepared by the Leuckart reaction with
dialkyl formamides. The mechanism of the re-
duction of the alcohol, III or IV, with formic acid
or formamide is not known, but it may be related
to the mechanism of the pyrolysis of alkyl form-

‘ates to form the corresponding hydrocarbon deriv-

ative.®

The authors wish to acknowledge the benefit
of discussions with Dr. R. T. Arnold in which
possible mechanisms were critically examined.

Experimental

Decomposition of Formamide.—Refluxing formamide
alone gave slow decomposition to ammonia and carbon
monoxide: about one liter of carbon monoxide collected
in an hour from 30 cc. of formamide. The formamide,
meanwhile, turned black, both in the flask and in the
reflux condenser. Replacing the air in the system with
nitrogen prevented most of the tar formation. Novelli
and Somaglino!? conducted a current of carbon dioxide
through the system, perhaps for the same reason. During -
the Leuckart reaction, the evolution of carbon dioxide

(14) Novelli, 4bid., 61, 520 (1939).

(15) Goodson, Wiegand and Splitter, ibid., 68, 2174 (1946).

(16) Nabenhauer, Abstr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>