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Related Thermal Data.—7Table 111 lists the heats,
entropies and free energies of formation at 298.16°
K. of the two silicates from the elements and from
the oxides. The entropy values are derived fromn
thie compilation of Kelley!? and the work of Hum-

(13) K. K. Kelley, U. S. Bureau of Mines Bull. 477 (1850).

NOTES

Vol. 74

phrey, King and Kelley,!* and Todd and Bonnick-
son.!

(14) G. L. Humphrey, E. G. King and K. K. Kelley, U. 8. Burean
of Mines, Report of Investigations 4870 (June, 1932).

(13) 8. %. Toddd and K. R, Bonnickson, Tiis JourNat, 78, 3894
(1931j.
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NOTES

The Effect of Sodium Ozxide on the Chromium
Oxide Catalyzed Conversion of Aldehydes to
Ketones!

By J. R. CoLEY? AND V. I. KOMAREWSKY
RECEIVED MARCH 1, 1952

In the course of a study? of the action of metallic
oxide catalysts on alcohols, it was found that al-
cohols and aldehydes of ‘‘#”" carbon atoms undergo
a complex dehydrogenation—condensation reaction
when passed over a cliromia catalyst at 400° to
form ketones of “2n — 1" carbon atoms. It was
noted that a sodium hydroxide precipitated cat-
alyst was quite active in contrast to a comparatively
inactive ammonia precipitated catalyst.

It has therefore been of interest to determine the
effect of sodium content in a chromia catalyst upon
this reaction.
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Molud conversion of reacted aldehyde to ketone, 7,
—
o
—

“ N =

). 1.5 20
Sodiun in catalyst, .
Fig. 1.——The effect of sodium oxide ou the couversion of »-
butyraldehyde to di-n-propyl ketone.

-t

Experimental Part

Procedure.—The catalysts were prepared by redissolving
a cold slurry of chromium hydroxide precipitate in cold ex-

(1) From the Senior Problems of B. M. Joseph and 8. C, Mikszta.

(2) Research Dept., Standard Oil Co. (Indiana), Whiting, Indiana.

(3) V. I, Komurewsky and J. R. Coley, Tars Jourwai, 68, 700
3260 (1941)

cess sodium hydroxide. The chromite solution on standing
overnight formed a chromium hydroxide gel. The gel was
washed auion free, dried at 110°, screened to 8 mesh and
heated in an atmosphere of hydrogen at gradually increased
temperatures up to 500°. To vary the sodium content.
portions of the catalyst, after washing but prior to drying,
were agitated in sodium carbonate solutions of varying
concentrations, filtered and dried. The method of sodium
analysis was a modification of the triple acetate procedure
devised by Kahane.!

The catalytic reaction procedure consisted of passing a
three to one niixture of nitrogen and vaporized n-butyralde-
hyde over a graunlar (810 mesh) catalyst bed (volume 50
cc.), maintained at a temperature of 400° by an electrically
heated furnace. A constant liquid space velocity of 0.1 was
used for all runs. All products were distilled in a 20-inch
super-cal Heli Grid Podbielniak Column.

Discussion of Results
The results obtained are given in Table 1 and
Fig. 1.
TAaBLE ]
Data »x Sont'm CoNTENT 0F CHROMIA CATALVSTS versus
Y1sLn 0o KETONE

Wejght Molal conversion of
sedinm reiacied aldehyde to ketone,©
(ol 7.6
15 o0
X8 VRN
1,93 26.3
2.79 22.1

¢ Dipropyl ketone, b.p. 144.18°.

These results indicate that the sodium content
of a chromia catalyst has a definite effect on the
catalytic activity for the dehydrogenation—con-
densation reaction discussed. This is consistent
with the aldol mechanism proposed? for this ketone
synthesis. The optimum sodium content was
found to be approximately 1.09.

(4) T, Kalaae, Bull, soc. chim., 4T, 382 {1930).

DEPARTMENT OF CHEMICAL ENGINEERING

ILLINOIS INSTITUTE OF TECHNOLOGY
CHicAGo, ILLINOIS

Preparation and Some Reactions of Indenyl-
lithium
By NorMmaN H. CrRoMwEeLL AND Davip B. Capps
RECEIVED MARCH 24. 1952
In connection with a general project in this Lab-

oratory concerned with the synthesis and reactions
of cyclic ketones, methods of preparing A-(1-in-
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danyl)-propionic acid have been under investiga-
tion. This acid had previously been prepared by
v. Braun and co-workers' in a several step, side-
chain building process starting with l-indanone.
1t seemed desirable to develop a synthesis involving
a readily prepared metallic derivative of the inex-
pensive indene, Although indenyllithium had been
prepared previously? from indene using ethyllithium
and diethylmercury, it seemed advisable to avoid
this latter expensive and poisonous reagent.

Using a procedure similar to that employed in the
synthesis of 9-fluorenyllithium and fluorene-9-car-
boxylic acid,® we have obtained indenyllithium and
indene-1-(or 3)-carboxylic acid in good yields from
the reaction of butyllithium with indene, followed
by treatment with solid carbon dioxide.

Indenyllithium was found to react with ethyl 8-
bromopropionate to give a low (149%,) vield of
ethyl 8-[1(or 3)-indenyl]-propionate. The major
reaction probably involved the loss of hydrogen
bromide from the §-bromo ester. The ester prod-
uct on hydrolysis gave 8-[1(or 3)-indenyl]-propionic
acid which was readily hydrogenated to the §-[1-
indanyl]-propionic acid.

Experimental

Indenyllithium and Indene-1(or 3)-carboxylic Acid.—Ap-
proximately 0.2 mole of #-butyllithium was prepared in 150
ml. of dry ether by the procedure of Gilman, et al.¢ To this
solution 21.8 g. (0.188 mole) of indene (Eastman Kodak Co.
Practical grade) was added over a period of 30 minutes with
the evolution of butane. The rust colored mixture was re-
fluxed for two hours and then poured in a thin stream onto
solid carbon dioxide. One liter of water was cautiously
added to the lithium-free ether mixture. The basic aqueous
layer was acidified with hydrochloric acid to give 20.1 g. of
indene-1(or 3)-carboxylic acid which was recrystallized from
benzene, m.p. 159-160°; neut. equiv., caled. 160.2, found
160 and 158.7.%

This experiment indicated that at least 67% of the indene
had been converted into its lithium derivative.

B-[1(or 3)-Indenyl]-propionic Acid.—A solution of in-
denyllithium, prepared as in the previous experiment, was
transferred through a glass wool filter into a nitrogen swept
separatory funnel and added slowly in 30 minutes to a 160
ml. of dry ether solution of 34 g. (0.187 mole) of ethyl 8-
bromopropionate cooled to 3-5°. After the addition was
complete the reaction mixture was allowed to stand at room
temperature for 12 hours. The cooled solution was mixed
with ice and ammonium chloride and the ether layer dis-
tilled to give 7.6 g. of the crude ethyl 8-{1(or 3)-indenyl]-
propionate, b.p. 155-163° (15 mm.). Hydrolysis of this
ester with 209 sodium hydroxide produced 5.3 g. (14.7%
yield based on the bromo ester) of 8-[1(or 3)-indenyl]-pro-
pionic acid. Recrystallization from aqueous alcohol and
then benzene gave colorless crystals, m.p. 129-130°.¢
Aqueous alkaline solutions of this unsaturated acid decolor-
ized potassium permanganate instantly while aqueous ace-
tone solutions gave a slower decolorization at 25°.

(1) (a) J. v. Braun and J. Reutter, Ber., 89B, 1922 (1926); (b) J. v.
Braun and E. Danzinger and Z, Koehler, sbsd., 80, 56 (1917).

(2) (a) W. Schlenk and E, Bergmann, Ann., 468, 227 (1928); (b)
O, Blum-Bergmann, sbid., 484, 28 (1931).

(3) R. R. Burtner and J. W. Cusic, THIS JOURNAL, 68, 264 (19483).

(4) H. Gilman, ¢! al., ibid., T1, 1499 (1949).

(8) W.S. Knowles, J. A. Kuck and R. C, Eiderfield, J. Org. Chem., 7,
3877 (1942). No evidence seems to be available to establish the loca.
tion of the carboxy group with respect to the five-ring double bond.
It seems probable that the correct structure is indene-3-carbozxylic acid
with C=0 conjugated with the C=C bond.

(6) Since completing our work we have noticed that G. R. Clemo
et al., J. Chem, Soc., 863 (1951), have reported the preparation of g-
[3-indeny!]-propionic acid, m.p. 120.5-121.5°, by four methods two of
which start with indene and two starting with 1-indanone, all of which
gave rather low yields. In spite of the difference in melting points we
helieve that our acid is essentially the same as that of Professor Clemo.
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Anal. Caled. for CH1is0: C, 76.57; H, 6.43; neut.
equiv., 188.2. Found: C, 76.84; H, 6.38; neut. equiv.,

188.5 and 190.2.

B-[1-Indanyl]-propionic Acid.—A sample of g-[1(or 3)-
indenyl]-propionic acid (1.95 g.) in absolute alcohol was
hydrogenated in the presence of palladinized charcoal under
three atmospheres of hydrogen for seven hours. Isolation
produced 1.45 g. of the crude acid, m.p. 45-48.5°. Re-
crystallization from petroleum ether gave a purer product,
m.p. 49.5-51°.1

AVERY LABORATORY
UNIVERSITY OF NEBRASKA
LINCOLN, NEBRASKA

The Monocyanoethylation of Anthrone. An Im-
proved Synthesis of 3-(9-Anthranyl)-propionic Acid
and B-(9,10-Dihydro-9-anthranyl)-propionic Acid!

By Guipo H. DauB AND W. CARTER DOYLE
RECEIVED APRIL 21, 1952

The cyanoethylation of anthrone as previously
carried out by Bruson? gave 9,9-di-(3-cyanoethyl)-
anthrone in 889, yield. Since it has been shown
that certain phenols can be monocyanoethylated in
excellent yield on a ring carbon? it was thought that
anthrone as its potassium enolate salt could be
monocyanoethylated in the 10-position. This has
been carried out in excellent yield by allowing po-
tassium anthranolate (I) to react with acrylonitrile
in ¢-butyl alcohol using potassium ¢-butoxide as the
condensing agent. The product was not isolated
but was hydrolyzed and reduced with zinc dust in
ammonium hydroxide to $-(9-anthranyl)-propionic
acid (IT) which was obtained in over-all yield of 90~
959, from anthrone.

?K
7 1 NN CHp=CHC=N

N NS KOC(CH;)s
I

Hydroly51s / /\/\

( )
O)) Reductlou N \///Q
H,CH,CN

CHgCH:COOH
I

Reduction of the g-(9-anthranyl)-propionic acid
(I1) with sodium in #-amyl alcohol gave an 869,
yield of $-(9,10-dihydro-9-anthranyl)-propionic
acid (III). This synthesis of the dihydro acid (III)
in 77.6% over-all yield from anthrone represents

N NN
498

CH.CH,COOH
III

considerable improvement over its three-step syn-

(1) This work was supported in part by a grant from the National
Cancer Institute, U, S. Public Health Service,

(2) H. A. Bruson, THIS JoUurNAL, 64, 2457 (1942).

(8) H. A. Bruson, "Organic Reactions,’”” Vol. V, John Wiley and
Sons, Inc,, New York, N, Y., 1949, p. 94, ’
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thesis from 9-anthraldehyde described by Cook,
Ludwiczak and Schoental.®

Experimental®

8-(9-Anthranyl)-propionic Acid (II).—A 1-l., three-
necked flask with ground glass joints was fitted with a
dropping funnel, condenser and mercury-sealed stirrer.
The air in the system was replaced by dry nitrogen and 200
ml. of #-butyl alcohol® was added. After 4.88 g. (0.125
mole) of potassium was dissolved in the alcohol, 19.4 g.
(0.1 mole) of anthroune,” m.p. 154-155°, was added with the
aid of 10 inl. of ¢-butyl alcohol and the solution was stirred for
onehouratroomtemperature. Tothisreddish-brownsolution
of potassiuin anthranolate was added dropwise over a period
of one hour a solution of 7.3 ml. (0.11 mole) of acrylonitrile
(Eastman Kodak Co.) in 40 ml. of anhydrous ¢-butyl alco-
h_ol: During the addition of the nitrile a bright red pre-
cipitute separated. The solution was refluxed for two hours
and a clear deep red colored solution was obtained. After
the addition of 11 ml. of concentrated hydrochloric acid
(sp. gr. 1.18) in 225 ml. of water the t-butyl alcohol was re-
moved by distillation during which time an additional 100
ml. of water was added. After the removal of 350 ml. of
distillate the contents remnaining in the flask were cooled
and the aqueous layer was separated from a brown oil by
decantation. The oily nitrile was refluxed for two hours
with 100 ml. of concentrated hydrochloric acid during which
time a solid acid separated. After cooling, the hydrochloric
acid was removed with the aid of a sintered glass filter stick
and the solid remaining in the flask was washed with 100
ml. of water. The solid acid was dissolved in 360 ml. of
concentrated ammonium hydroxide and 240 ml. of water
and the resulting solution w as heated at 90-95° in an oil-bath
for four hours with 60 g. of zinc dust (activated with copper
sulfate). During the reduction the solution changed in
color from reddish-orange to pale yellow. The cooled reac-
tion mixture was filtered to remove excess zinc and the
filtrate was extracted once with ether. The aqueous layer
was acidified with hydrochloric acid and a tan oil separated
which solidified on standing. The solid was filtered, washed
with water and dried to give 22.5 g. (909% yield) of 8-(9-
anthranyl)-propionic acid (II), m.p. 190-193° (reported+*
m.p. 191-192°), as pale yellow crystals. Recrystallization
of a small sample of the crude acid from glacial acetic acid
gave pale yellow prisms, m.p. 194-195°.

In a larger run using 0.3 mole of anthrone and ¢-butyl
alcohol (Eastmun Kodak Co.) which had not been dried over
sodium the yield of crude acid obtained was 71.3 g. (95%
yield), in.p. 188-193°. When methyl acrylate was sub-
stituted for the nitrile in the condensation the yvield of g-(9-
anthranyl)-propionic acid (II) was lowered to 60%,.

$-(9,10-Dihydro-9-anthranyl)-propionic Acid (III) —
Twenty granis (0.08 1nole) of crude 8-(9-anthranyl)-propionic
acid (II), m.p. 190~193°, was dissolved in 500 ml. of #-
amyl alcohol (Eastman Kodak Co., practical grade) in a 1-1.
round-bottomed flask equipped with a reflux condenser.
To this refluxing solution was added 16.6 g. (0.72 mole) of
sodium in small pieces over a period of five hours. The n-
amyl alcohol was removed by steam distillation and the
aqueous solution remaining in the flask was filtered and
allowed to cool. The sodium salt of the dihydro acid crys-
tallized in glistening plates and was filtered, washed with
water, and redissolved in hot water. The resulting solution
was acidified with hydrochloric acid to give 15.07 g. (74.5%
vield) of almost colorless B-(9,10-dihydro--anthranyl)-
propionic acid (III), m.p. 137-140° (reportedt m.p. 139-
140°). Acidification of the mother liquor from the crys-
tallization of the soditimn salt gave 5.9 g. of a yellow solid,
m.p. 120-130°, which upon recrystallization from benzee
gave an additional 2.32 g. (11.5%, vield) of alniost colorless
dihydro acid (I1I), m.p. 134-140°. Recrystallization of a
sample of the acid from henzene gave colorless crystals,
m.p. 139-140°.
LABORATORY OF ORGANIC CHEMISTRY
UNIVERSITY OF NEW MEXICO
ALBUQUERQUE, NEw MEXICO

(4) J. W. Cook, R, S. Ludwiczak and R. Schoental, J. Chem. Soc.,
1112 (1950).

(5) All melting points are uncorrected.

18) Dried by refluxing over and distilling from sodium.

(7) K. H. Meyer, "Organic Syntheses,’”’ Coll. Vol. I, John Wiley &
Soas, Inc., New York, N. V., 1941, p. 60.
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5-Ethoxyquinoxaline!

By WinraM K. EASLEY? AND MICHAEL XN. SULLIVAN
RECEIVED JANUARY 19, 1952

The recent synthesis of 5-hydroxyquinoxaline®.*
prompts us to report the synthesis of 5-ethoxyquin-
oxaline which had been prepared as an intermediate
in this Laboratory. It was prepared from the
known 2,3-dinitrophenetole® by catalytic reduction
to the intermediate 2,3-diaminophenetole, which
was not isolated but condensed with sodium glyoxal
bisulfite to form 5-ethoxyquinoxaline. Both 3-
ethoxyquinoxaline and copper-5-quinoxalinate have
been found to produce 1009 inhibition of the stand-
ard organism, Aspergilius niger, in 250 parts per
million concentrations. Further investigation of
the fungistatic properties of these compounds is in

progress.
Experimental

2,3-Dinitrophenetole.—The method of Blanksma® as
modified by Verkade and Witjens® was not found satisfac-
tory for preparing the desired quantity of product. How-
ever, the following procedure was employed to obtain the
2,3-dinitrophenetole in reasonable yield and in a good state
of purity. Twenty grams (0.088 mole) of 1-ethoxy-2,3-
dinitro-4-aminobenzenet was dissolved in 200 ml. of conceu-
trated sulfuric acid; 70 g. of water was added dropwise to
the acid solution with mechanical stirring in an ice-bath.
The suspension of the sulfate was diazotized at 0-5° with a
solution of 6.07 g. (0.088 mole) of sodium nitrite in 25 g. of
water, which was added dropwise in about 35 minutes. The
diazonium solution was stirred for another hour at the same
temperature and poured into a liter of boiling 95%, ethanol.
The mixture was boiled for 45 minutes, then diluted with
enough water to give a final volume of about 4 liters. A
dark brown precipitate formed during the dilution and was
removed by filtration on a buchner funnel. The yield of
the crude product was 13.6 g., m.p. 96-99°, The average
yield from seven similar runs was 14.0 g. If further puri-
fication is desired, the product can be crystallized from 95%,
ethanol. For our use the product was not further purified.

5-Ethoxyquinoxaline.—Forty-eight grams (0.226 mole) of
2,3-dinitrophenetole was dlssolved in 1800 ml. of 959, eth-
anol and reduced with hydrogen in the presence of 6 g. of
59, palladium-on-charcoal catalyst. During filtration
from catalyst, the solution darkened considerably. To
the filtrate was added 100 ml. of 2 M acetic acid and 50 ml.
of 4 M sodium acetate solution. The resulting solution
was heated to 60° and poured rapidly into a solution of
67.11 g. (0.226 mole) of sodium glyoxal bisulfite (Carbide
and Carbon Chemicals Corp.) in 2 liters of water which had
previously been heated to 60° and the mixture was stirred
for one hour. It was then cooled in an ice-bath and made
strongly alkaline by the addition of 120 g. of sodium hy-
droxide pellets and 500 g. of sodium carbonate. The mix-
ture separated into two layers, a clear aqueous layer and a
dark alcohol-water layer. The layers were separated, and
the dark alcohol layer was reduced to less than half its vol-
ume at the water-pump. This dark mixture was then re-
combined with the clear layer, and a dark oil separated which
was extracted with a pound of benzene. The benzene ex-
tract was dried over anhydrous calcium sulfate. The ben-
zene was then removed at the water-pump, and the residual
dark oil was vacuum distilled. The fraction that distilled
from 106-117° at 0.5 to 2 mm. was collected. It was
brownish-yellow in color and solidified in the receiving flask.
Recrystallization from petroleum ether gave a white prod-

(1) ‘Taken from the thesis submitted by William K. Easley i1t par-
tial fulfillment of the requirements for the Ph.D. degree at The Divi-
sion of Chemistry, Graduate School, Georgetown University, Washing-
ton, D. C.

(2) The Chemstrand Corporation, Marcus Hook, Pennsylvania.

(3) F. E. King, N. G. Clark and P. M. H. Davis, J. Chem. Soc., 3012
(1049).

(4) S. K. Freeman and P. E. Spoerri, J, Org. Chem., 16, 438 (1951).

(58) J. J. Blanksma, Rec. trav. chim., 27, 49 (1908).

(6) P. K. Verkade and P. H. Witjens, ¢bid., 68, 361 (1946).
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uct, m.p. 63-64°. Yield of crude product was 16.9 g.,
41.99, of the theoretical yield.

Anal. Caled. for CieHgONa: C, 68.94; H, 5.79; N,
16.08. Found: C, 69.11; H, 5.88; N, 16.24.

The reddish-orange salt of 5-ethoxyquinoxaline and
methyl iodide was prepared by the procedure of Easley and
Bahner,” m.p. 214-215° uncor. (with dec.).

g Anal. Caled. for CyHpION,: N, 8.85.
.60.

The scarlet salt with ethyl iodide was prepared in the
same manner, m.p. 146-148° uncor. (with dec.).

Anal. Caled. for CHi ION,;: N, 8.50. Found: N,
8.22,

Acknowledgments.—The authors wish to thank
Dr. E. Mosettig for use of his reduction apparatus
and Miss Rita McCollum and Mr. T. S. Barker for
microanalyses.

(7) W. K. Easley and C, T. Bahner, TH1s JoURNAL, T2, 3803 (1850).

CHEMO-MEDICAL RESEARCH INSTITUTE
GEORGETOWN UNIVERSITY
WasHINGTON, D. C.
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Ring Cleavage of 1-Benzenesulfonyl-2-benzylethyl-
enimine with Hydrogen Bromide!

By WALTER J. GENSLER AND JoHN C. ROCKETT
RECEIVED MARCH 5, 1952

When 1-benzenesulfonyl-2-bromomethylethyleni-
mine reacts with hydrobromic acid, ring cleavage
occurs to form 1,3-dibromo-2-benzenesulfonamido-
propane. In this process attack of the bromide
jon occurs preferentially at the unsubstituted
rather than at the substituted carbon of the three-
membered ring.? We wish to record another
example of this mode of cleavage in the production
of 1-phenyl-2-benzenesulfonamido-3-bromopropane
(I1I) from the action of hydrobromic acid on 1-
benzenesulfonyl-2-benzylethylenimine (II1),  The

CeHsCHz?HCOOCsz — CGHOCHQC‘H—CHz —
|

NH, NH, OH
CGH5CH3’CH——CH2-HBr
NH. Br
| !
CsH;S0.Cl | CeH;S0,Cl
NaOH | | Na:CO;
¢ HBr
CeHsCHQCH—CHz e CeHDCHQCH—CHg
NS
N NH Br
| NaOH |
SO,C¢H; <«———— S0,CsH;
II 111

structure of the cleavage product was established
by its identity with the product (I11I) obtained on
treating 1-phenyl-2-amino-3-bromopropane hydro-
bromide (I) with benzenesulfonyl chloride and
aqueous sodium carbonate. The ethylenimine
compound (1I) was prepared by treating the hydro-
bromide (I) with benzenesulfonyl chloride and
aqueous alkali, or by treating 1-phenyl-2-benzene-
sulfonamido-3-propane (I1I) with alkali.

(1) Abstracted from a portion of the Thesis submitted by John C.
Rockett to the Graduate School of Beston University in partial fulfill.

ment of the requirements for the degree of Master of Arts.
(2) W. J. Gensler, Tuis JourNaL, 70, 1843 (1948).
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Experimental?

1-Phenyl-2-amino-3-bromopropane Hydrobromide (1).—
dl-Phenylalanine ethyl ester was converted to dl-phenyl-
alaninol, m.p. 67-68°, by reduction with lithium aluminum
hydride.4

A sealed tube containing 1.0 g. (0.006 mole) of dl-pheny!l-
alaninol and 25 ml. of 489, hydrobromic acid was heated at
170-175° for five hours. The dark colored reaction mix-
ture, in which some carbonized material was present, was
diluted with 100 ml. of water and was decolorized with
charcoal (Nuchar). The resulting water-white, strongly
acid solution was taken to dryness under reduced pressure
on the steam-bath. The dry residue after crystallization
from absolute alcohol weighed 1.27 g. (65%) and melted
at 173-176°. A second crystallization (from 3 ml. of ab-
solute alcohol) afforded 0.97 g. (49%) of pure l-phenyl-2-
amino-3-bromopropane hydrobromide, m.p. 174-175°.

Anal. Caled. for CGGH;NBry: C, 36.8; H, 4.4. Found:
C, 36.7; H, 4.4.

When the reaction was carried out at 100° instead of at
170°, the hydrobromide of di-phenylalaninol was the only
material isolated. This salt was prepared in a separate
experiment by evaporating a mixture of 1.0 g. (0.0066 mole)
of dl-phenylalaninol and 25 ml. of 489, hydrobromic acid
under reduced pressure, and crystallizing the dry residual
solids from ethyl alcohol. The hydrobromide obtained in
this way (1.21 g. or 799%) melted at 148-149°, and showed
no change in melting point after admixture with the material
(m.p. 148-149°) obtained from the reaction at 100°.

Anal. Caled. for CG;HNOBr: C, 46.5; H, 5.6.
C, 46.3; H, 5.3.
1-Benzenesulfonyl-2-benzylethylenimine (II) from 1-
Phenyl-2-amino-3-bromopropane Hydrobromide (I).—To a
vigorously stirred solution of 1.5 g. (0.0050 mole) of the
hydrobromide (I) in 10 ml. of water was added 0.78 ml.
(0.0060 mole) of benzenesulfonyl chloride followed imme-
diately by a solution of 1.0 g. (0.0025 mole) of sodium hy-
droxide in 10 ml. of water. The mixture was stirred for 40
minutes at room temperature. The solids were collected
by filtration, washed on the funnel with water and air-
dried. The dry material (1.22 g. or 89%,; m.p. 54-56°)
was taken up in ether, the ether solution was washed with
several portions of water, and was dried over sodium sul-
fate. On crystallizing the oil remaining after the ether sol-
vent had been removed from ethyl alcohol, there was ob-
tained 1.03 g. (75%) of 1-benzenesulfonyl-2-benzylethyl-
enimine, m.p. 55~-56°.
Anal. Calced. for C]sH]aNSOz! C, 659, H, 5.5.
C, 65.7; H, 5.6; ash, 0.3.
1-Benzenesulfonyl - 2 - benzylethylenimine (II) from
1-Phenyl-2-benzenesulfonamido-3-bromopropane (III).—A
mixture of 0.5 g. (0.0014 mole) of compound III, 0.4 g.
(0.010 mole) of sodium hydroxide and 10 ml. of water was
shaken for 15 minutes. The crystalline solids (0.36 g. or
95%; m.p. 53-55°) were collected and crystallized from 5
ml. of ethyl alcohol. The product obtained weighed 0.31
g. (819%,), and melted both before and after admixture with
the 1-benzenesulfonyl-2-benzylethylenimine prepared as
indicated above at 55-56°.
1-Phenyl-2-benzenesulfonamido- 3-bromopropane (III)
from 1-Benzenesulfonyl-2-benzylethylenimine (II).—A mix-
ture of 10 ml. of 489, hydrobromic acid and 0.40 g. (0.00146
mole) of ethylenimine II was heated on the steam-bath for
one hour. Twenty milliliters of water was added, and the
cold mixture was thoroughly extracted with ether. The
ether extract, after washing with water, was dried over an-
hydrous sodium sulfate. Removal of the solvent left a
residual oil (0.44 g.) which, after crystallization from ethyl
alcohol, furnished 0.34 g. (65%) of white crystalline 1-
Séloenyl-2~benzenesulfonamido-3-bromopropane, m.p. 22-
Anal. Caled. for C;sH1sNSOsBr:
Found: C, 50.6; H, 4.6.
The mixed melting point with the same material prepared
as described below was 22-23°.

Found:

Found:

C, 50.8; H, 4.5.

(3) Melting points are uncorrected. The elementary analyses were
carried out by Carol K. Fitz, 115 Lexington Avenue, Needham Heights
94, Mass.

(4) P. Karrer, P, Portmann and M. Suter, Hely. Chim. Acta, 81, 1617
(1948); M. C. Rebstock, et al., THIS JoURNAL, T8, 3666 (1951).
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1-Phenyl-2-benzenesulfonamido-3-bromopropane (III}
from 1-Phenyl-z-amino-s-bromopro?a.ne Hydrobromide (I1).-~
To a vigorously stirred solution of 1.5 g. (0.0051 mole) of
compound I in 10 ml. of water was added 0.78 ml. (0.0060
mole) of benzenesulfonyl chloride followed immediately
by a solution of 0.83 g. (0.010 niole) of sodium carbonate in
10 ml. of water. After the reaction mixture had been
stirred for one hour at rooin temperature, the oily product
was extracted with ether. The ether solution was washed
thoroughly with water, and dried over magnesium sulfate.
Crystallization of the oil obtained on removal of the ether
solvent from ethyl alcohol afforded 1.03 g. (57%) of 1-beu-
zene-2-benzenesulfonainido-3-bromopropane, utp. 22-93°

CHEMISTRY DEPARTMENT
BostoN UNIVERSITY
BosTon, MASSACHUSETTS

Some Alkyl and Heterocyclic Sulfides and Sulfones

By HENRY GILMAN, R0OBERT K. INGHAM aAND T. C. WU
RECEIVED ApriL 19, 1952

In connection with some studies on the pharma-
cological activity of certain sulfur-containing com-
pounds, a series of alkyl and heterocyclic sulfides
and sulfones has been prepared. The germicidal
properties of some sulfides! have been demon-
strated. ‘The antistreptococcal activity of 4,4’-
diaminodiphenyvl sulfone,? the antitubercular effect
of this and similar compounds,®— and the indicated
antimalarial activity® of its derivatives suggested
the preparation of some quinolyl or other heterocy-
clic sulfones.

Of interest was the effect of incorporating a fat-
soluble group into the molecule with a view toward
increased absorption of the drug by the animal
body.” Also, introduction of the physiologically
active dialkylaminoalkyl grouping® was considered
worthy of investigation.

The unsymmetrical sulfides were prepared by
treatment of the sodium mercaptide with the proper
organic halide. The sodium mercaptide was best
prepared by addition of the mercaptan to a sodium
ethoxide—ethanol solution. The sulfones were pre-
pared from the corresponding sulfides by treatment
with 309 hydrogen peroxide, with glacial acetic
acid as a solvent. Additional derivatives of certain
of these compounds have been prepared. Physical
constants and analytical data of these sulfides and
their derivatives are given in Tables I and II.

Of interest is the observation that quinine is
oxidized in animals to 2-hydroxyquinine, thus the
2-substituted quinoline nucleus might be rendered
more stable in the animal body.?

Results of pharmacological tests of these com-
pounds will be reported elsewhere.

(1) N. E. Foss, F. Dunning and G. L. Jenkins, THis Jourwar, 56,
1978 (1034),

(2) G. A. H. Buttle, D. Stephenson, S. Smith, T. Dewing and G. E.
Foster, Lancet, 1, 1331 (1937).

(3) N. Rist, F. Block and V. Hamon, Ann, Inst. Pasteur, 64, 203
(1940).

(4) G. W. Raiziss, Science, 98, 350 (1943).

(5) L. L. Bambas, TH1s JourNAL, 67, 671 (1945).

(6) H. Heymann and L. F. Fieser, ¢bid., 67, 1979 (1945).

(7) H. Gilman and S. P. Massie, ibid.. T1, 744 (1049).

(8) (a) H. Gilman and R. M. Pickens, bid., 47, 245 (1926); (b)
H. Gilman, L. C. Heckert and R. McCracken, £bid., 650, 437 (1928);
(¢) H. Gilman and M. A. Plunkett, ibid., 71, 3667 (1949).

(9) (a) F. E. Kelsey, E. M, K. Geiling, F. K. Oldham and E. H.

Dearborn, J. Pharmacol., B0, 381 (1944); (b) J. F. Mead and J. B.
Koepfli, J. Blol, Chem. 154, 507 (1944).
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Experimental

Preparation of the Sulfides.—The sodium mercaptide was
prepared by reaction of the theoretical amount of sodium
with an excess of absolute ethanol; to the resulting sodium
ethoxide solution was added an equivalent amount of mer-
captan. Subsequently, the resulting mercaptide was re-
fluxed with an organic halide and the sulfide thus obtained
was extracted with ether, Following drying of the ethereal
solution over sodium sulfate and removal of the solvent,
purification of the sulfide was effected by vacuum distillation,
recrystallization from an appropriate solvent, or in some
cases botll. Recrystallization solvents for the solid sulfides
are given in Table I. In the preparation of the heterocyclic
alkyl sulfides, the heterocyclic chlorides were employed; and
with the dodecyl sulfides, the dodecyl group was introduced
via the mercaptan. The dialkylaminoalkyl chlorides were
prepared in accordance with a previously reported proce-
dure.’ The preparation of two typical sulfides follows. All
melting points in Tables I and II are uncorrected.

2-{n-Octadecylmercapto}-quinoline.—To 100 ml. of ab-
solute ethanol was added 0.7 g. (0.03 g. atom) of sodium.
After completion of the reaction, 8.6 g. (0.03 mole) of #-
octadecylmercaptan was added dropwise. After 30 minutes,
5.0 g. (0.03 mole) of 2-chloroquinoline was added dropwise
and the resulting solution refluxed for 10 hours. The solvent
was then removed by distillation and the residuc extracted
with an ether-dilute sodium hydroxide mixture. Following
separation of the ethereal solution and drying over sodium
sulfate, the ether was distilled off. Vacuum distillation of the
residue gave a yellow liquid, b.p. 234-240° (0.2 mm.) which
solidified on standing. Recrystallization from petroleum
ether (b.p. 60-70°) gave 10.7 g. (85%,) of white crystals,
melting at 53-54°.

Preparation of n-Dodecyl y-Hydroxypropyl Sulfide.—So-
dium metal, 34.5 g. (1.5 g. atoms), was cut into small pieces
and added slowly to 600 ml. of absolute ethanol until all of
the sodium had dissolved (1.5 hours). To this solution was
added 303.6 g. (1.5 moles) of n-dodecyl mercaptan; then
146 g. (1.54 moles) of trimethylene chlorohydrin was added
over a period of one hour to the refluxing sodium mercaptide
solution. The reaction mixture was refluxed for 12 hours
and then filtered to remove the white precipitate formed.
The solvent was distilled from the filtrate to give 413 g. of u
solid residue. This solid was then vacuum distilled; there
was thus obtained 336.8 g. (86%) of distillate, b.p. 157~
159° (0.5 mm.). The product solidified on standing yield-
ing a white solid, m.p. 34-35°.

Preparation of the Sulfones.—The sulfide was dissolved
in 2 minimum amount of glacial acetic acid. An excess of
309, hydrogen peroxide was slowly added and the resulting
solution refluxed for 1-4 hours. The sulfone which sepa-
rated on cooling was filtered and recrystallized from an
appropriate solveut (see Table II). .

Carbonation of y-n-Dodecylmercaptopropyllithium.—y-
n-Dodecylmercaptopropyl chloride (22.4 g., 0.08 mole) was
added dropwise, in a dry nitrogen atmosphere, to a vigor-
ously stirred mixture of 1.2 g. (0.17 g. atom) of lithium in
100 ml. of anhydrous ether. This addition required 30
minutes, during which period the ether was gently refluxing.
The milky-white mixture was then stirred for 4 hours at room
temperature. The mixture was filtered, in a nitrogen atmos-
phere, through glass wool into a dropping funnel and then
added to a Dry Ice—ether slurry,!! with the tip of the drop-
ping funnel immersed in the slurry. Following return to
room temperature, the carbonation mixture was carefully
neutralized with dilute hydrochloric acid. The ethereal
solution was separated and extracted twice with 5% sodium
hydroxide. Removal of the solvent by distillation gave
8.8 g. (43%) of impure di-y-n-dodecylmercaptopropyl
ketone, melting at 50-57°. Three recrystallizations from
absolute ethanol raised the m.p. to 67-68°, The pure prod-
uct weighed 6.5 g. (32%). The alkali extract was acidified
and shaken with dry ether. From the ethereal solution
was obtained 6.2 g. (279%) of y-n-dodecylmercaptobutanoic
acid, melting at 51-54°. Two recrystallizations from petro-
leum ether (b.p. 28-40°) raised the m.p. to 57.5-58.5°.
The pure product weighed 4.7 g. (209,).

In another experiment the corresponding Grignard re-
agent was prepared according to the entrainment method!?

(10) H. Gilman and D. A. Shirley, TH1S JourNaAL, 66, 888 (1944).
{11) H. Gilman and J. A. Beel, sbid., 71, 2328 (1949).
112, A1\ Qrignard, Compt. rend., 198, 625 (1934).
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TaBLE I
PROPERTIES OF SOME ALKYL AND HETEROCYCLIC SULFIDES
Recrys-
* Mnp Yield, Sulfur, % tallization
No, Sulfide Formula °C. B.p., °C. % Found Calced, solvent
1 n-Dodecyl-n-propy! sulfide n-CreH»SCsHz-r L. 124-125 62 13.19 13.11 ...
(0.25 mm.)®
2 n-Dodecyl- g-diethyl- #-CreHosSCHoCHN(CoHs): oL 132-133 69 10.58 10.63 ...
aminoethy! sulfide 0.1 mm.)b
3 mn-Dodecyl-8-diethyl- #n-Ci12H2:SCH2:CH:aN (CeHs)2- HCI 101-102 ... ... .... 64 9.45 9.48 Diss. in EtOH,
aminoethyl sulfide:HC|I pptd. with ether
4 mn-Dodecyl-y-diethyl- #-CraHasSCHo:CH.CHoN(CeHe)2 ... 156-157 80 10.07 10.16 ...........
aminopropy! sulfide 0.1 mm.,)®
5 mn-Dodecyl-vy-diethyl- n-CizHuSCH:CH:CHN(CoHy)o- HCl  106-108 .. ......... 73 9.09 9.11 EtOH-ether
aminopropy! sulfide-HC!
6 n-Dodecyl-y-chloropropyl n-CioeHesSCH.CH:CH.C1 ... .. .. 153-155 74 11.21¢ 11.45
sulfide 0.6 mm.)"
7 #n-Dodecyl-y-hydroxypropy! #-CunHauSCH:CHCH:0H 34-35 157-159 86 12.24 12.30
sulfide (0.5 mm))
8 1,6-Di-n-dodecylmercapto- {n-C1aH2sSCH2CH:CHa) g 51-53 ... 93 13.03 13.17 Acetone
hexane
9 Bis-(v-n-dodecylmercapto- (n-C12HasSCHCH2CHy).CO 67-68  ........... 32 12.73 12.46 EtOH
propyl) ketone
10 v-n-Dodecylmercapto- n-Cr12H2:SCH:CHCH3;CO0H 57.5-58.8 ........... 20 11.04" 11.11 Pet ether,
butanoic acid b p. 28-38°
11  2.v-n-Dodecy!mercapto- CsHsNCH.CH:CH2SCraHae-n 34-36 ... ... 67 8.76 8.63 EtOH
propylquinoline .
12 2.~y-n-Dodecylmercapto- CoHsNCH2:CHyCHSCioHas CeH3O7N;  96-98 ... ... . ... 42 5.619 5.34 EtOH
propylquinoline picrate
13 2-[Benzylmercapto]- CeHsCHSCoHN 44-44.5 ..., 74 12.45 12.76 Pet. ether,
quinoline® ‘ b.p. 60-70°
14 2-[Benzylmercapto]- CsH:CH.SCyHgN-HC1 187-190 ..., 8 11.34 11,16 EtOH
quinoline hydrochloride
15 2-[n-Dodecylmercapto}- #-CieHesSCsHBEN ... 185-188 78 9,82 9.73 ...
quinoline (2 mm)?
16 2-[n-Hexadecylmercapto]- n-CreHssSCoHsN 43-44 L 62 8.30 8.31 Pet. ether,
quinoline® b.p. 60-70°
17 2-[#-Octadecylmercapto]- n-CisHz71SCoHsN 53-54 ... 83 7.64 7.75 Pet. ether,
quinoline b.p 60-70°
18 2.Benzothiazolyl-2’ CrHSNSCoHN N 7S 21 A0 2078  Dil. EtOH
quinolyl sulficlet
19 2-{4-Phenylthiazoy!}- CsHSNSCyHN 85 g At iy T2 14 15 Pet. ether.
2'.quinolyl sulfide® b.p. 60-70°
20 2-Benzimidazolyl-2'- CrHsN:SC,HgN 32.5-31 ... 60 11.61 11.57 Pet ether,
quinolyl sulfidet b.p 77-115°
21 4-[7-Chloroquinolyl]- C/HSNSCeH:NC1 138-140F ... ..., 44  19.39  19.49 Pet. ether,
2’'-benzothiazolyl sulfidef bp. 77-115°
¢ n®p 1,4608. b n¥D 1.468). ¢ n¥p 1.468). 94 n¥p 1.4742. * 4nal. Caled. for Ci;H,SCl: Cl, 12.67. Found: CI,

13.02. / Anal. Caled. for C;¢H;:0.S: neut. equiv., 289. Found: neut. equiv., 292. ¢ 4nal. Caled. for CiHyO:N,S:
N, 9.33. Found: N, 9.59. * Prepared from 2-chloroquincline and the appropriate mercaptans. ¢ n2p 1.5508. 7 Pre-
pared from 2-mercaptobenzothiazole and the appropriate halide. * With decomposition.
TaBLE II
PROPERTIES OF SOME ALKYL aND HETEROCYCI IC SULF INES
S IR Yol Culfur G Recryst.
No, Sulfone Formola =C @, Found Caled. solvent
1 #n-Dodecylmethyl sulfone 7n-C1oHa, SOy CH; 8°-84 59 1276 12.90 EtOH
2 n-Dodecyl-n-propyl sulfone #1-CroHas SO, CyH7-n 66 5-(G7 48 11.79 11.60 EtOH
3 n-Dodecyl-n-butyl sulfone 1-C12H ;,80:C 4 H y-n 63-64 33 10 90 11.04 EtOH
4 n-Dodecyl-y-chloropropyl sulfone n-C1oH;,S0,C H,CH,CH,C! 78-79 50 10.22" 10.31 Et0
5 n-Dodecyl-y-hydroxypropyl sulfone 1-C1eH2:S0,CH,CH,CH,OH 87-88 36 10.84 10.96 Et:0
6 1,6-Di-n-dodecylsulfonylhexane (n-Ci1sH35S0,CH,CH,CHy,), 140-141 75 11.58 11.63 CHCI,;
7 Bis-(y-n-dodecylsulfonylpropyl) ketone (#-C;:HyS0.CH,CH,CH,),CO 153-154 66 11.30 11.08 Pyridine
8 +~-n-Dodecylsulfonylbutanoic acid n-C1eH2S0.CH,CH,CH,COOH 130-130.5 80 10.04® 10.00 Acetone
9  2-Quinolyl benzyl sulfone CeH;CH,SO,C;HgN 187-190 54 11.42 11.33 MeOH
¢ Anal. Caled. for Ci:H50.SCl: Cl, 11.40. Found: Cl, 11.39. b Anal. Caled. for CisH;:0:S: neut. equiv., 321.

Found: neut. equiv., 320.

later the reaction was hydrolyzed with ice-water. Follow-

and then carbonated to give a 729, yield of y-n-dodecylmer-
ing drying of the light yellow ethereal solution over sodiuin

captobutanoic acid. The above yields are based on the

amount of y-n-dodecylmercaptopropyl chloride employed.
Preparation of 2-y-n-Dodecylmercaptopropylquinoline.—
An ethereal solution of y-n-dodecylmercaptopropyllithium
was prepared from 28 g. (0.10 mole) of y-n-dodecylmercapto-
propyl chloride and 1.5 g. of lithium in a manner similar to
that described above. To this organolithium compound
in ether was added over a period of 3 minutes, 6.5 g. (0.05
mole) of redistilled quinoline. The reaction mixture turned
yellow, later red and heat was evolved. Thirty minutes

sulfate and distillation of the solvent, 26.6 g. of yellow oil
was obtained. This was heated with 6 ml. of nitrobenzene
for 20 minutes at 180°. The resulting deep red oil was
vacuum distilled. The brown oily residue (16.6 g.) was
dissolved in 50 ml. of liot absolute ethanol and was boiled
with a solution containing 20 g. of picric acid and 50 ml.
of 959 ethanol for 15 minutes. Thus, 18.6 g. of yellow
crystals was obtained. Three crystallizations from absolute
ethanol gave 12.6 g. (429%) of crystals melting at 96-98°.
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A wmixture of 15 g. of the picrate uud 100 ml. of 39 so-
dium hydroxide was refluxed for 5 hours. The mixture
was cooled and extracted with ether. A brown oil (7.8 g.,
849, based on the amount of picrate used) was obtained,
which solidified on standing (m.p. 32-38°). One recrys-
tallization from absolute ethanol gave 6.2 g. (67%,) of prod-
uct, m.p. 34-36°. Further recrystallization did not im-
prove the melting point.

DEPARTMENT OoF CHEMISTRY
Iowa StaTE COLLEGE
AwmEes, [owa

The Solubility and Transition Point of Lithium
Chromate

H. HartrorD, RavyMoND L. CoSTA AND
PauL E. MoorE

By WinsLow

RECEIVED MARCH 26, 1952

Data reported by earlier workers for the solubil-
ity of lithium chromate at 18,! 202 and 30°? are not
consistent. Further, while the usual composition
of the salt is the dihydrate, our observations con-
firm the findings of Retgers? that an anhydrous
salt separates from the aqueous solution on boiling.
It therefore seemed desirable to determine the
solubility over the range 0 to 100°, and the tem-
perature of transition between the dihvdrate and
the anhydrous salt.

Experimental

The material used for the solubility experiments was re-
crystallized LisCrO4-2H,0, prepared from lithium hydroxide
monohydrate and chromic anhydride. It was found to
contain 99.85%, Li,CrO42H,O based on its hexavalent
chromium content, 0.006% Cl and 0.0219%, SO,. It was
necessary to remove traces of trivalent chromium and in-
soluble matter from the solutions before the final crystalli-
zation; this was doue by oxidation with a small amount of
sodium hypochlorite and filtrations. The final product
consisted of bright yellow crystals. Solubility® and transi-
tion point® were determined by previously described meth-

ods. The following results were obtained:
Solubility,
Temp., wt. %,
°C. LizCrOs Solid phase
0.7 47 .27 Li;CrO, 2H.0
7.2 47.74 Li;CrO,-2H-0
10.4 47 .89 Li;CrO,-2H,0
20.0 4%8.60 LiCrOy2H,0
29.8 49.62 Li,CrO, 2H,0
50.1 52.10 LizCrO4'2Hgo
60.0 53.52 Li1,CrO, 2H:0
70.0 55.27 LiCrO,2H,0
74.6 Li:CrO42H,0 4 Li,CrOy
75.1 56.17 Li:CrO,
80.0 56.34 Li;CrO,
90.0 56.57 Li;CrO,
100.0 56.82 14,CrO,

The values when plotted yield siooth curves. For the

dihydrate, the equation
S = 47.25 + 0.05037T 4 0.0009143 72
fits the observed data with an average deviation of 0.05%

(1) ¥. Mylius and R. Funk, Abk. phys.-chem. Reichsanstalt, 8, 456
(1900).

(2) P. P. von Weimarn, Z, Chem. Ind. Kolloide, 9, 25 (1811).

(3) F. A, H. Schreinemakers, Z. physik, Chem.. 88, 77 (1906).

(4) J. W. Retgers, sbid., 8, 53 (1891).

() W. H. Hartford and K. A. Lane, THIs JOURNAL, 70, 647 (1948).

(6) W. H. Hartford, K. A, Lane and W. A, Meyer, Jr., ibid., 72, 3353
(1950).
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and a maximumn deviation of 0.09%. For the anliydroussalt,

the equation
S = 52.646 4 0.06265T — 0.0002096 T

fits the data with an average deviation of 0.01% and a maxi-
mum deviation of 0.02%. Calculation of the concentration
at the transition temperature gives: from the dihydrate
equation, 56.10% Li,CrQ,; from the anhydrous salt equa-
tion, 5615% LigCrO4.

A value of 56.129, Li,CrO, is therefore reported for the
solution concentration in equilibrium with the two solid
phases at the transition temperature of 74.6°.

As might be expected from the relatively slight change of
solubility of both phases with temperature and the oblique
angle of intersection of the two solubility curves, the heat
effect ou transition is very small, and is estimated to be of the
order of 1-2 kecal./mole, as contrasted with 15 kcal./mole
reported’ for the Na,CrO410H,0-Nay;CrO,-6H,;0 transition.
It was necessary to heat and cool at rates in the order of
0.01°/niinute to detect the thermal breaks, which were ob-
tained at 74.6° on both heating and cooling.

Of the previous solubility determinations, only that of
Schreinemakers,® who reported 49.94% Li;CrO, at 30°, is in
agreement with the present work.

An attempt was made to determine the temperature of the
ice-dihydrate eutectic. This proved to be below —60°;
equipment and measuring facilities were not available to
investigate lower temperatures.

An unusual characteristic of the anhydrous salt is its
ready solubility in the lower alcohols. Sodium chromate
is soluble to the extent of only 0.35%# in methanol and even
less in ethanol at room temperature. Other anhydrous
chromates are virtually insoluble in alcohols. Anhydrous
lithium chromate was prepared for study by slowly boiling
a saturated solution of the dihydrate. The yellow crystals
were 99.839% Li,CrO,. An approximate determination of
the solubility of the salt in commercial absolute methanol and
ethanol was made by rotating sealed containers contammg
these compounds with an excess of lithium chromate in a
constant temperature bath for eight hours. The bottles
were protected from light by a covering of black tape, since
alcoholic solutions of lithium chromate, although stable for
more than two months in the dark, were found to undergo
decomposition fairly rapidly, with deposition of hydrous
chromic chromate, when exposed to light. The following
results were obtained:

Solubility, wt. % Li2CrOs

Temp., °C. Methanol Ethanol
0.5 13.4 1.6
24 .4 15.7 1.8

The dihydrate is somewhat more soluble than the anhy-
drous salt, but its true solubility in alcohols cannot be de-
termined, since the salt is dehydrated by these solvents.

Anhydrous lithium chromate was found to be insoluble in
ether, und soluble only to the extent of about 25 p.p.m., as
judged by color, in acetone. The low solubility in acetone
explains the previously reported® decomposition of lithium
dichromate to lithium chromate in acetone solution.

Density of the dihydrate and the anhydrous salt was de-
termined by immersion in toluene in a pycnometer: Li:CrO;,
d% 2.426; Li,CrO42H,0, d%, 2.149.

(7) Natl, Bureau of Standards, ’‘Selected Values of Chemical Ther-
modynamic Properties,’”’ Washington, D. C., 1949, p. II, 92-86.

(8) This value is from unpublished data by E. A. Roche of this
Laboratory.

PUBLICATION No. 95, RESEARCH LABORATORIES
MutuaL CHEMICAL COMPANY OF AMERICA
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The Reaction of Silver n-Perfluorobutyrate with »-
Perfluoropropyl Iodide and with 1,2-Dibromo-1-
chlorotrifluoroethane
By MURRAY HAUPTSCHEIN AND ARISTID V. GROSSE
RECEIVED MARCH 10, 1952

Several attempts were made to synthesize per-
fluorinated esters by the reaction of silver salts of
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perfluoro-fatty acids with perfluoroalkyl iodides,
but without success.! In contrast to the ease of
formation of esters by treating perfluoro-silver salts
with n-alkyl iodides and diiodides,? the attempted
preparation of z-perfluoropropyl-z#-perfluorobuty-
rate by the reaction of silver #n-perfluorobutyrate
with #-perfluoropropyl iodide at 275-335°, in the
absence of solvents, resulted in the formation of #-
perfluorohexane, carbon dioxide and silver iodide
according to the equation

CFJCFgCFgI + CF3CF2CF2C02Ag —
n-CsF“ + COz + AgI (1)

These results suggest a free radical mechanism with
formation of C;Fr and C;F,COO-. At the high
temperature of the reaction, direct combination
does not take place. The latter radical loses car-
bon dioxide, and the coupling product, C;Fr—C,Fy,
is formed exclusively.

Experimental

The Reaction of n-Perfluoropropyl Iodide with Silver -
Perfluorobutyrate.—The reaction of perfluoropropyl iodide!
and silver perfluorobutyrate! was carried out in nickel and
silver pressure reactors at 275 and 335°, respectively. In
both cases the only reaction products isolated were n-per-
fluorohexane, carbon dioxide and silver iodide in agreement
with equation (1). Only possible traces of unreacted per-
fluoropropyl iodide were detected. #n-Perfluorohexane boiled
at 56°; mol. wt. found (Victor Meyer), 336; caled., 338;
known, b.p. 55.9-56.7°.3

The nickel reactor (100-cc. capacity) was of the rotating
type and was partially filled with stainless steel balls. The
silver reactor (16-cc. capacity) was filled with silver Raschig
rings. Both vessels were equipped with Hoke valves. In
a typical reaction, 7.5 g. (0.053 mole) of perfluoropropyl
iodide was transferred ¢ vacuo to the nickel reactor contain-
ing 8.4 g. (0.0262 mole) of finely powdered silver perfluoro-
butyrate. After heating this mixture at 275° for 10 hours,
the Dry Ice-cooled reactor was opened to a similarly
cooled glass collecting trap, and the temperature of the re-
actor was allowed to warm up slowly to ca. 25°. A large
quantity of uncondensed carbon dioxide gas was collected
in a barium hydroxide scrubber attached to the system.
Finally all volatile products were transferred 4n vacuwo to the
collecting trap. This material (6.46 g.) was rectified in a
micro fractionating column, and 5.65 g. (669, yield) of #-
perfluorohexane, was collected. The yield of silver iodide
was quantitative. A small scale run in the silver reactor at
335° for one hour, gave an almost quantitative yield of per-
fluorohexane.

At temperatures below 220° only a very slight reaction
occurred in sealed Pyrex tubes. When anhydrous ethyl
ether was used as a solvent, there were formed some n-per-
fluoropropyl hydride and a sizable fraction boiling at 70-
100° which had a distinct ester odor and was only slightly
soluble in water and dilute alkali (density < 1). No pure
compound, however, could be isolated under these condi-
tions.

The Reaction of 1,2-Dibromo-1-chlorotrifiuoroethane with
Silver n-Perfluorobutyrate.—The reaction of silver per-
fluorobutyrate with 1,2-dibromo-1-chlorotrifluoroethane
(prepared by the photochemical bromination of chloro-
trifluoroethylene) was carried out in glass and nietal pressure
reactors at temperatures of 100-200° and higher under a
variety of counditions. The desired perfluorochloroester,
trifluorochloroglycol diheptafluorobutyrate, was not ob-
‘ tained. When ethyl ether or dioxane was used as solvent,

(1) The perfiuorinated inner ester, perfluorobutyrolactone, is the
only completely fluorinated ester to be described to date. See M.
Hauptschein and A. V. Grosse, THIs JourRnaL, 78, 2461 (1951);
M. Hauptschein, C. S. Stokes and A. V, Grosse, fbid., T4, 1974 (1952),

(2) M. Hauptschein and A. V. Grosse, ib¢d., 78, 5139 (1951); also
M. Hauptschein, unpublished results.

(3) T. J. Brice in J. H. Simons, 'Fluorine Chemistry,” Vol. I.
Academic Press, Inc.,, New York, N. Y., 1850, p. 453. Also, J. H.
Simons and W. H. Pearlson, 112th Meeting American Chemical So-
ciety, September, 1947,
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an insignificant ainount of reaction occurred with some de-
composition and loss of carbon dioxide. When an ethyl
ether-heptafluorobutyric acid solvent mixture wasemployed,
despite the formation of 509, silver bromide, evidence was
found only for the formation of carbon dioxide, the olefin
chlorotrifluoroethylene, and only possible traces of a higher
boiling ester. Despite its reactivity, methanol was tried
as a solvent because of its high solubilizing effect for the re-
actants. In this case the theoretical amount of silver
bromide was isolated as well as a high yield of methyl #-
heptafluorobutyrate,* b.p. 80-80.8° at 760 mm., »%p
1.293, formed by reaction with the solvent.

In the latter case, 15.0 g. of the dibromide, 36.5 g. of the
silver salt and 70 ml. of methanol were heated together at
100° for 5 hours in a sealed Pyrex bulb. There were formed
20.2 g. of silver bromide, traces of chlorotrifluoroethylene,
and after washing and drying with calcium chloride, 18.18 g.
of pure methyl n-heptafluorobutyrate.

Acknowledgment.—The authors wish to express
their appreciation to the U. S. Air Force, Wright
Air Development Center, for their financial sup-
port of this work.

(4) Minnesota Mining and Manufacturing Co. Brochure on Hepta-
fluorobutyric Acid.
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Molecular Order in n-Heptane and »-Perfluoro-
heptane

By J. H. HILDEBRAND AND G. J. ROTARIU
RECEIVED APRIL 7, 1952

Molecules of #-perfluoroheptane are undoubtedly
far less flexible than those of #-heptane by reason
of the size of the fluorine atoms, hence they can be
expected to pack in a somewhat more orderly,
parallel array in the liquid state, especially at lower
temperatures. The liquids should differ like dry
and cooked spaghetti. We sought evidence for
this in a difference between their entropies of vapor-
ization like the differences previously found between
liquids with differing order due to molecular ge-
ometry.! According to the "Hildebrand Rule”
liquids composed of highly symmetrical molectles
all have the same entropy of vaporization per mole,
As¥, when compared at temperatures where they
have the same gas volume, V%, but any degree of
order in the liquid, whether the result of molecular
association or simply of geometrical shape, leads to
a higher entropy of vaporization as this order is
destroyed.

We have reliable vapor pressure equations for
n-heptane? and for #-perfluoroheptane.? Instead
of obtaining their entropies of vaporization graphi-
cally from the slope of log p vs. log T plots, as here-
tofore, we differentiated the vapor pressure equa-
tions to obtain AsY = R(dIn p/d In T'). Selecting
25° as the temperature of comparison for the
heptane, we calculated 15° as the temperature at
which the perfluoroheptane would vaporize to the
same volume, 403 liters, assuming ideal gases, which
introduces no significant discrepancy. Table 1
gives the resulting figures for AsY, and shows an
excess of 1.6 entropy units for the perfluoroheptane.
This seems reasonable when compared with the

(1) J. H. Hildebrand, J. Chem. Phys., 7, 233 (1939).

(2) ’'Selected Values of Hydrocarbons,”” Circular of the National

Bureau of Standards, C 461, 1847, p, 123,
(3) G. D. Oliver and J. W. Grisard, THIs JoUrRNAL, 78, 1688 (1951),
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excess of 1.2 e.u. for n-hexane over diisopropyl at
49.5 liters.!

TaBLE I
ENTRQPY OF VAPORIZATION
ve = 4031it, 4 °C. v&/vl =2703 ¢ °C.
C:Hye 29.5 25 JI 29.5 25
C/Fus 31.1 15 & 32.4 7
Diff. 1.6 2.0

Pitzer* has shown that in the case of molecules
having radial intermolecular potentials of the same
form, such as the rare gases, the entropies of vapori-
zation are equal not at equal vapor volunes, Ve,
but at equal ratios of vapor to liquid volume, v&/vl,
but Hildebrand and Gilman® showed that in the
case of polyatomic molecules with different liquid
volumes the agreement is considerably better at
equal v, The molal volume of perfluoroheptane is
so much larger than that of heptane that a much
lower temperature must be taken to make the com-
parison at equal v8/v!, 7° if the heptane is at 25°,
Table I gives the comparison under these condi-
tions. The difference in this case, 2.9 e.u., is, in our
opinion, greater than is reasonable to expect from
difference in order alone, and it furnishes another
instance of the inferiority of the corresponding
states rule as a basis for comparing polyatomic
mnolecular species with potential fields so far from
radial.

(4) K. S. Pitzer, J. Chem. Phys., T, 583 (1939},
(5) J. H, Hildebrand and T. 8. Gilman, ibid., 18, 229 (1947).
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Correction Concerning Some Reported Derivatives
of p-Talitol

Bv C. S. Hupson, M. L. WoLFrROM AND T, Y. SuEN
RECEIVED APrRIL 10, 1952

Barker and Bourne! have recently shown that
data of the literature justify a belief that a dimeth-
ylene acetal which Hann, Haskins and Hudson?
reported as 2,4:3,5-dimethylene-p-talitol is in
reality the 2,4:3,5-dimethylene-allitol that Wol-
from, Lew and Goepp® prepared from authentic alli-
tol. Upon receipt of this information from Messrs.
Barker and Bourne by early letter, for which we ex-
press our appreciation, we examined the original
samples from the two researches*? by mixed melt-
ing point measurements and by X-ray diffraction
diagrams. In like manner the respective original
samples of two derivatives,*3 namely, the 1,6-diace-
tate and the 1,6-ditosylate, were also compared.
In all cases the results show unequivocally that the
reported “p-talitol” acetal is 2,4:3,5-dimethylene-
allitol. In one of the researches? three additional
derivatives of the acetal were reported as belonging
in the D-talitol series; since the acetal is now known
to be of the allitol series the names of these deriva-

(1) S. A, Barker and E, J. Bourne, J. Chem. Soc., 905 (1952).
(2) R. M. Hann, W. T, Haskins aud C. S. Hudson, THis JOoURNAL,
69, 624 (1947).

(3) M. L. Wolfrom, B. W, Lew and R. M. Goepp, Jr., ibid., 68,
1443 (10486),
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tives are be changed to 1,6-dibenzoyl-2,4:3,5-di-
methylene-allitol (m.p. 188-189°), 1,6-didesoxy-
2,4:8,5-dimethylene-allitol (m.p. 165-166°) and
1,6-didesoxy-1,6-diiodo-2,4: 3,5 -dimethylene - allitol
(m.p. 219-220°). All the substances have meso
configurations and are to be regarded as devoid of
optical rotation; the very small specific rotations
that were reported? are near the limits of obser-
vation. The recorded melting points®? are essen-
tially correct.

3016 TiLpeN ST., N. W., WasuinGToN, D. C. (C. S. H.)

THE Ouro STATE UNIversiTY, CoLuMBUS, OHIO
M.L.W.axn T. Y. S)

The Heat of Combustion and Resonance Energy
of Tropolone

By Warp N. HusBarD, CHARLES Karz, GEORGE B.
GUTHRIE, JR., AND GUY WADDINGTON

RECEIVED APRIL 5, 1952

In 1945, Dewar predicted! that tropolone (2,4,6-
cycloheptatriene-1-one-7-o0l) would exhibit aroma-
ticity and later made a theoretical estimate of its
resonance energy.? Following its synthesis,® Dr.
W. von E. Doering of the Hickrill Chemical Re-
search Foundation suggested that an estimate of its
resonance energy from heat of combustion data
would be valuable and offered four grams of tropo-
lone to this Laboratory. Consequently, and be-
cause of current interest in other related seven-
membered cyclic compounds (e.g., ref. 3b), heat of
combustion measurements for tropolonet were in-
cluded in the Bureau of Mines calorimetric program.

Material. —The sample had been prepared and purified
according to ref. 3a and was then recrystallized from cyclo-
liexane and sublimed three times. The method of purifica-
tion and the carbon dioxide determinations (see table) suggest
that the material (m.p. 51°) was of high purity. The mate-
rial was non-hygroscopic and when compressed into briquets
was not significantly volatile at rooin temperature.

The Apparatus and Its Calibration.—The apparatus (with
the exception of the bomb) and combustion technique have
been previously described.® The bomb used in this investi-
gation was sealed with a pure gold gasket and had an internal
volume of 0.374 1. The energy equivalent of the calorimeter
was determined by combustion of benzoic acid (National
Bureau of Standards Standard Samiple 39g) having for its
isothermal heat of combustion at 25° a value of —AUg/M
of 26.4338 abs. kj. g.7!. Since the conditions in these ex-
periments were not quite those of the standard bomb proc-
ess, the N.B.S. value was corrected to 26.4306 abs. kj. g. 1.
Eight combustions of benzoic acid yielded an average value
3190.95 cal. deg.~! for the energy equivalent, .Sg, of the sys-
tem. The average deviation from the mean of these ex-
periments was =+=0.0069, with a maximum spread of
0.025%,

Auxiliary Quantities. —Weights were corrected to a
vacuum basis by use of a density value of 1.34 g. cc.™! for

€1) M. J. S, Dewar, Nature, 188, 50, 141, 451 (1945).

(2) M. J. 8. Dewar, sbid., 166, 790 (1950),

(3) (a) W. von E. Doerlng and L. H. Knox, THis Journar, 72, 2305
(1850); (b) 78, 828 (1951); (c) J. W. Cook, A. R. Gibb, R, A. Raphael
and A. R. Somerville, Chemistry and Industry, 427 (1950); (d) R. D.
Haworth and J. D. Hobson, ¢bid., 441 (19850).

(4) J. W. Cook, A. R. Gibb, R. A. Raphael and A. R. Somerville, J,
Chem. Soc., 503 (1951), have recently published a value of the heat of
combustion of tropolone having a claimed accuracy of %0.9 kcal./mole.
This datum was obtained for them by G. R. Nicholson of Imperlal
Chemical Industries Limited. Because of the higher order of accuracy
of the present work and because of the current great interest in tropo-
lone, it has seemed desirable to record both the original and derived
data of the combustion experiments performed in this Laboratory.

(5) W. N. Hubbard, J. W. Knowlton and H. M, Huffman, THis
Journas, 70, 3259 (1948).
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tropolone estimated from the dimensions and miass of the
briquets. The specific heat of tropolone, used in calculating
the heat capacity of the bomb contents, was estimated to be
0.29 cal. deg.™1. The heats of formation of water and car-
bon dioxide at 25° were taken to be —68,317.4% and —94,-
051.8" cal. mole™!, respectively. The correction for the
amount of nitric acid formed during combustion was cal-
culated using —13.828 keal. mole™! for the heat of reaction
(1) at 25° in the bomb process. For computing the heat of

1/2Ny(g) + 5/40x(g) + 1/2H;0(1) + aq —>
HNO; (aq) (1)
combustion of gaseous tropolone the heat of sublimation at
25° was taken as 20.0 £ 0.2 kcal./mole.*
Experimental Data and Discussion of Results.—

The data of the four combustions attempted are
given in Table I.
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energies used be calculated on a common basis so
that uncertainties in the bond energies and related
quantities tend to cancel.

Since most of the resonance energies based on
Pauling’s bond energies needed for this discussion
are readily obtained, and since many chemists are
more familiar with these, the resonance energy of
tropolone has been recalculated. Using Pauling’s
table of bond energies,!! the heat of formation cal-
culated for the reference structure of gaseous tropo-
lone is —1.4 kcal. mole~!. Therefore, tropolone is
36 kcal. mole! more stable than the reference
structure. This is 7 kcal. mole~! greater than the
value 29 kcal, mole~!, reported by Cook, e/ al.*
and the difference arises from the differences be-

TABLE I
1 cal. = 4.1840 abs. joules; mol. wt. tropolone = 122,118

Mass of sample Temperature rise, CO; found, — AUB/ M0, AH ¢ (a0),
(vac.), g. Qfuse gHNO; °C. % theor. cal. g. "t kcal. mole =t

0.96941 17.05 0.88 2.01155 99.982 6608.7
.96436 16.74 1.08 2.00095 e 6607.8 —806.086

.96461 16.74 1.00 (2.00082) 99.979 (6605.9)
.96478 15.49 0.77 2.00144 99.992 6608.1 —-806.10

The columns headed giuse and guno, give the correc-
tions for the combustion of the fuse and the forma-
tion of nitric acid; —AUs/M is the heat evolved
in the bomb process; and AH? isthe heat of combus-
tion of solid tropolone with all the reactants and
products in their respective standard states. In
each experiment the ignition energy was 1.28 cal.;
the Washburn correction was —0.0639%, AUs;
and the heat capacities of the initial and final con-
tents of the bomb, St and Sr were 3.10 and 3.34
cal. deg.”!, respectively. The bomb gases were
tested for carbon monoxide following two of the
combustions. In each case the tests showed less
than 0.000079, carbon monoxide present. The
calorimetry of the third experiment was somewhat
uncertain and the result is given no weight. The
small valite of guwo, in the first experiment suggests
that possibly some of the nitric acid formed was
lost. Therefore —AUg/M for this combustion
may be 0.4 to 0.7 cal. g.~! too high. The average
heat of combustion, AH¢, of the remaining two ex-
periments is —806.08 kcal. mole~!, From this, the
standard heat of formation, AH{ (25°), of tropolone
from graphite, hydrogen and oxygen is calculated
to be —57.23 % 0.2 kcal. mole—! for the solid and
—37.23 £ 0.3 keal. mole~! for the gas.

The resonance energy of tropolone has been cal-
culated and discussed by Cook, et al.,* and by
Koch.®* These two discussions are weakened by
logical inconsistency; namely, the resonance en-
ergy of tropolone calculated by Coates and Sut-
ton’s'® bond energies has been compared with reso-
nance energies calculated both from heat of com-
bustion data using Pauling’s bond energies and
from heat of hydrogenation data. In any discus-
sion of resonance it is desirable that all resonance

(6) D. D. Wagman, J. E. Kilpatrick, W. J. Taylor, K. S. Pitzer and
F. D. Rossini, J. Research Natl. Bureau Standards, 34, 143 (1945).

(7) E. J. Prosen, R. S. Jessup and F. D. Rossini, ibid., 83, 447
11944).

(8))}3. J. Prosen and F. D. Rossini, ¢bid., 38, 253 (1944).

(3) H. P. Koch, J. Chem. Soc., 513 (1951).
{10) G. E. Coates and L. E, Sutton, ¢bid., 1187 (1948).

tween the two sets of bond energies used in the two
calculations.

Koch® has estimated from an investigation of
the infrared spectrum that a hydrogen bond be-
tween the hydroxyl and carbonyl group stabilizes
tropolone by 7 kcal. mole~. This value may be a
little high; a more conservative estimate would be
5-7 keal. mole—, On the other hand, electron and
X-ray diffraction studies!? indicate that tropolone
is planar. Ring strain probably destabilizes tropo-
lone by 4-5 kcal. mole—!, Thus, the resonance
energy of tropolone is 33-36 kcal. mole ™,

All the structures with one formal bond (or
charge separation) that can be written for tropolone
correspond to those which would be written for
(a) tropone (cycloheptatrienone), (b) the vinvlog of

the carboxylic acids and (¢) phenol. Since the
H H
+07  o- 07 0
(A} (B) (C)

resonatce energy of tropone has not been deter-
mined, an estimate of 16-24 kcal./mole!® will be
used. The resonance energy of the carboxylic
acids is 24-28 kcal./mole~!. The phenol-like struc-

(11) L. Pauling, “Nature of the Chemical Bond,'’ Cornell Universi1y
Press, Tthaca, N. V., 1940, p. 54.

(12) J. M. Robertson, J. Chem. Soc., 1222 (1851): K. Hedberg and
E. Heilbronner, THIs JournaL, 78, 1386 (1951).

(13) This estimate is reached as follows: Two sets of structures may
be written, each corresponding to a linear system of four conjugated
double bonds. Pauling has estimated (as quoted in ref. 8) that four
conjugated carbon-carbon double bonds have a resonance energy of
17 kcal. mole, Wheland (ref. 15) suggests 18 kcal. mole~!, Since
there are two sets of these structures the resonance energy may be 8
kcal. mole~! greater, f.e., total resonance energy 24 kecal. mole-t.
o-Benzoquinone, which has two hetero-atoms and structures analogous
to tropone, has a resonance energy of 16 keal. mole~t. The resonance
encrgy of tropone probably lies between these two limits.
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tures probably do not make a significant contribu-
tion.!*

Application of a crude method of calculating reso-
nunce energies suggested by Wheland® shows that
the resonance energy of tropolone should be less
than the sum (40-52 kcal. mole ~!) of the resonance
energies of these two hybrid structures. This cal-
culation gives 24 kcal. mole = for the resonace en-
ergy of tropone, 24 kcal. mole ! for the carboxvlic
aad vinylog and 30 kcal. mole ! for tropolone. Al-
though this calculation is not intended for non-hy-
drocarbons, it shows clearly the effect of superim-
posing two resonance hybrids. The observed reso-
nance energy (36 kcal. mole ~Y) is quite reasonable
for a hybrid of the tropone and carboxylic ucid vin-
vlog structures.

i14) In phenol these structures accounl for a 7 kcal. muole !inerease
in the resonance energy over that of henzenc. 'T'hese structures (c) are
certainly less importanl than structure (b) since the cvcloheptatrienc
atcleus is a2 poorer clectron acceptor than the carbonyl group or a
pheny! group.

(13) G. W. Wheland, ‘“Theory of Resonance,*
Sons, Inc., New York, N. Y., 1944, pp. 79 #.

John Wiley and
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Reactions of Pivalyl, 2-Thenoyl and 2-Furoyl
Chlorides with Cyclopentene!

By L. H. KLEMM* AND THEODORE LARGMAN
RECERIVED SEPTEMBER 17, 1051

Treatment of a mixture of pivalyl chloride and
cvclopentene in curbon disulfide with anhydrous
stannic chloride (as catalyst) and subsequent dehy-
drohalogenation of the intermediate product by
means of refluxing diethylaniline yielded an im-
pure oil which reacted further with 2,4-dinitrophen-
ylhydrazine to give a crystalline compound as-
signed the structure of l-pivalylcyclopentene 2,4-
dinitrophenylhvdrazone. This structure was fur-
ther substantiated by observation of the ultravio-
let absorption spectrum of the oil which exhibited
an intense maximum at 239 myu (£ 1.53, ¢ 150 mg./
liter) and a much weaker one at ca. 310 myu (£
0.02) characteristics of an «,B-unsaturated ketone
with two alkyl substituents variously attached to
the available positions on the a- and @8-carbons.?
The oil proved to be inactive as an antibiotict in
wn vitro tests with Grame-negative £, cofi and Gram-
positive B. mycoudes.

Reaction of 2-thenovl clhiloride with cyclopen-
tene according to the procedure used with pivalyl
chloride or with substitution of phospliorus pentox-
ide for the stannic chloride gave small amounts of 2-
thenoic acid as the only isolable product, while
use of anhydrous aluminum chloride as the catalyst
gave excessive condensation to produce a small
amount of yellow non-acidic crystalline material

1) ¥From the Ph.D. thesis of Theodore Largmaun,

{2) Dept. of Chemistry, University of Oregon, Eugene, Oregon.

(3) R. B. Woodward, THis Journar, 63, 1123 (1941). Compare
data for l-acelylvyclopenrene, I. Heilbcon, » «l., J. Chene. Soc., 1827
[RMET

4} For dala wul theories on 1lte anlibuclerind action ol w,8 an-

salunrated ketones see W, B, Geiger ana J. E. Cont, TuIs JOUrNaL, 87,
112 (1945); 1. Rinderkuecht, e al., Biochem, J., 41, 163 {1917,
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for which elemental analyses indicated the empiri-
cal formula C3Hi40,S.  Anhydrous antimony pen-
tachloride, a Lewis acid of strength intermediate
between that of aluminum chloride and stannic
chloride,® however, produced a small yield of an un-
stable oil which gave a positive isatin test and
formed a crystalline derivative (with 2,4-dinitro-
phenylhydrazine reagent) of composition corre-
sponding to that expected for 1-(2-thenoyl)-cyclo-
pentene 2,4-dinitrophenylhydrazone.

With 2-furoyl chloride and cyclopentene, stannic
chloride gave at least termolecular condensation to
a colorless crystalline product of empirical formula
C1:H;403 which showed a positive pine splinter test
for the presence of the furan nucleus.

Experimental®

Reaction of Pivalyl Chloride.”—A solution of 42 g. (0.16!
mole) of anhydrous stannic chloride in 100 ml. of purified?
carbon disulfide was cooled to —15° and treated with «
solution of 11 g. (0.162 niole) of cyclopentene and 21.3 g.
(0.177 mole) of bpivalyl chloride, added dropwise with
stirring. After one additional hour of stirring and four more
hours in a refrigerator the viscous mixture (which had
changed from light yellow to black during the course of re-
action) was poured onto crushed ice and stirred to decom-
pose the complex present. The orgauic layer was separated,
washed with water, dried and evaporated. The resultant
residue was refluxed for five hours at 185° with 20 ml. (0.125
mole) of purified? diethylaniline. The cooled mixture was
diluted with ether, washed successively with excess 5% hy-
drochloric acid and 5%, aqueous sodium hydroxide, dried,
evaporated aud fractionally-distilled; yield 7.7 g. of faintly
yellow liquid, b.p. 63-68° (7 nim.), not obtained analyti-
cally pure. Treatnient of a portion of this liquid with 2,4-
dinitrophenylhydrazine!® gave 1-pivalylcyclopentene 2,4-
dinitrophenylhydrazone, crystallizing from alcohol in yel-
low-orange needles, m1.p. 144°,

Anal. Caled. for CiHaoNyOs: C, 37.83; H, 6.07; XN,
16.85. Found: C, 57.81; H, 6.02; N, 16.87.

‘The ultraviolet absorption spectrum of another portion
of the yellow liquid was determined by means of a Beckman
quartz spectrophotometer, model DU, using matched silica
cells of 1-cin. path length aud absolute methanol as a sol-
vent. The oil obeyed Beer’s law in the range 15-1500 mg. /
liter tested.

A third portion wus used for tests on antibacterial ac-
tivity by means of the agur diffusion method.!! Solutions
of 1-100 mg. of the oil in 0.3 ml. of methanol showed no ap-
parent inhibition of growth for either Escherichia coli or
Bacillus mycoides.

Reaction of 2-Thenoyl Chloride.—A mixture of 6 g. (0.088
niole) of cyclopentene, 13.5 g. (0.092 mole) of 2-thenoyl
chloride, and 100 ml. of purified® carbon disulfide was
cooled to 0° in a flask fitted with a calcium chloride drying
tube and was treated slowly, with stirring, with 26.6 g.
(0.089 1nole) of anhydrous antimony pentachloride. The
brown solution was stirred 30 minutes longer and then
poured into a mixture of crushed ice and concentrated hy-

O O, C. Dermer, ¢f af,, THiS JOURNAL, 68, 2881 (1941).
K. Bodendorf and H., Bohnte, dnu., 516, 1 {1933);
Cham, Revs., 17, 327 (1935).

(6§) Microanalyses were performed by B. Jarvis and A. Rosen.
Melting points were determined by means of an Eimer and Amend
melting point block and are uncorrected.

(7} Preparative procedure adapted from that of R. Robinson and
co-workers, J. Chem. Soc., 1285 (1933); 763 (1936), for 1-acetylcyclo-
pentene,

(8) I, F. Fieser, "Experiments in Organic Chemistry,”” 2nd Ed.,
). C. Heatlh and Co., Boston, Mass., 1941, p. 365,

(9 A. I, Vogel, *'Practical Organic Chemistry,”” Longmuns, Green
wnd Co,, New York, N. Y., 1948, p. 550.

(10) Procedure of R. I.. Shritter and R. C. Fuson, "The Systematic
Identification of Organic Compounds,” 2nd ERd., John Wiley aml
Sous, Ine, New York, N, Y., 1940, p. 143,

(11 & AL Waksman, *Microbial Antagonisars amd Autibiolic Sab-
ot Fel, The Commmmonwealth Fund, New York, N Y., 1917

See also
N. 0. Calloway,

stutees,

. T
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drochloric acid. The organic layer was separated, washed,
dried and evaporated. Dehydrohalogenation and further
purification were conducted as mentioned before, yield 3 g.
of orange viscous liquid which rapidly darkened on standing
and gave a positive isatin test (blue-green like that given
by thiophene but not blue-black like that for 2-acetylthio-
phene), b.p. 128-130° (5 mm.). Treatment with 2,4-di-
nitrophenylhydrazine reagent!? produced 1-(2-thenoyl)-
cyclopentene 2,4-dinitrophenylhydrazone, crystallizing in
blood-red clusters from alcohol, m.p. 148-148°.

Anal. Caled. for CHuNO,S: N, 15.63;
Found: N, 15.61; S, 9.27.

Repetition of the foregoing procedure except using an-
hydrous aluminum chloride instead of antimony penta-
chloride gave a small quantity of yellow platelets on crys-
tallization from alcohol, m.p. 121-122°, The product was
insoluble in 109, aqueous sodium hydroxide, showed no
halogen present by both the Beilstein and sodium fusion
tests, gave a negative isatin test, and depressed the melting
point of an authentic sample of 2-thenoic acid upon admix-
ture therewith.

Anal. Caled. for CisHi0:S: C, 66.63; H, 6.02; S,
13.67. Found: C, 66.46, 66.70; H, 5.96, 5.86; S, 12.96.

Reaction with 2-Furoyl Chloride.—A mixture of 10 g.
(0.147 mole) of cyclopentene, 20 g. (0.153 mole) of 2-furoyl
chloride and 90 ml. of purified® carbon disulfide was cooled
to 2° and treated with 40 g. (0.154 mole) of anhydrous stan-
nic chloride added dropwise over a 20-minute period during
which time the color changed from orange to dark blue.
After refrigeration overnight, the mixture was hydrolyzed
and the intermediate product was collected as before and
dehydrohalogenated by means of diethylaniline (23 g.).
Fractional distillation of the resultant mixture gave an
orange-red liquid, b.p. 120-200° (4-8 mm.), which solidi-
fied on cooling. Treatment of an absolute ethanolic solu-
tion of the solid with charcoal and crystallization from this
solvent produced 3 g. of colorless rhombs, m.p. 124-125°,
The crystals showed a positive pine splinter test (emerald
green) and negative tests for halogen by both the Beilstein
and sodium fusion methods.

Anal. Caled. for C14H15032 C, 7239; H, 6.94, Found:
C, 72.50, 72.58; H, 6.43, 6.76.

(12) Procedure of G, D. Johnson, TH1s JoURNAL, 78, 5888 (1851).

S, 8.94.
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Preparation of Radioactive Iodotriphenylethylene!

By D. C. MORRISON
RECEIVED APRIL 14, 1952

It was desired to prepare the iodine analog of the
biologically active bromotriphenylethylene, con-
taining radioiodine as tracer, for work on synthetic
estrogens. This radioactive iodotriphenylethylene
was used for uptake studies in human and animal
tumors. The iodotriphenylethylene was prepared
by a modification of the method of Koelsch.? The
method was adapted to a smaller scale with some
variations and radioiodine (I'%1) was employed. An
attempt to obtain the compound by iodination of
triphenylethylene using iodine chloride in glacial
acetic acid failed.

Experimental

Experimental work was done behind lead and Lucite
shields in a hood.

Preparation of Radioiodine. (This method was suggested
by Dr. Earl Hoerger).—The sodium iodide carrier (0.3 g.)

(1) The work described in this paper was sponsored by the Atomic
Energy Commission. It was supported in part by a grant from the
Henry, Laura and Irene B. Dernham Fund of the American Cancer
Society and the Christine Breon Fund.

(2) C. F. Koelsch, TH1S JourNaL, b4, 2045 (1932).
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was dissolved in water in a separatory funnel and the desired
amount of I'# (as sodium iodide, Oak Ridge isotope) ac-
tivity added. An equal volumne of benzene was added and
then 0.4 g. of sodium nitrite in concentrated aqueous solu-
tion. The mixture was treated dropwise with shaking with
6 N nitric acid until an excess was present. The contents
were agitated vigorously behind a lead shield. If the aque-
ous phase (after separation of layers) was still colored by an
additional drop of acid, more of the latter was added until
the aqueous layer remained colorless. After standing 20
minutes, the layers were separated carefully and the or-
ganic layer washed once by extraction with water. The
benzene solution of radioiodine could then be added to the
Grignard reagent, with or without previous drying over so-
dium sulfate.

The radioiodine was also generated in some runs by the
reaction of active iodide with potassium iodate and dilute
sulfuric acid, but the above method was preferable. Any
excess of either iodide or iodate seemed to cause retention of
activity in the aqueous layer. This was probably caused,
in the case of excess iodate, by an exchange reaction.

Preparation of Iodotriphenylethylene.—One gram of
magnesium was treated in a nitrogen atmosphere with 0.3 .
ml. of ethyl bromide in 25 ml. of ether. After the reaction
was well under way, 1 g. of bromotriphenylethylene (m.p.
114°) was added in a few portions during 10-15 minutes.
No iodine was used as a primer as Koelsch recommends.?
This mixture was refluxed for 2.5 hours. After cooling, the
gray solution (yellow if air has been admitted) was treated
with the I8 solution. Solid inactive iodine was then
added until its color was permanent. It was thought best
to use an insufficient amount of carrier iodine for the reac-
tion, and then to destroy the remaining Grignard reagent
with inactive iodine in order to utilize as much activity as
possible, The mixture was now hydrolyzed by a mixture
of ice and 1 N hydrochloric acid.

The ether-benzene layer was washed with bisulfite solu-
tion and with water and was then evaporated. The residue
in ether—petroleum ether solution was decolorized with
Nuchar and the solvents removed. The crystalline residue
was extracted with four small portions of cold petroleum
ether by grinding under this solvent. This removes a small
amount of oil. The iodo compound could be used as such or
recrystallized from boiling petroleum ether or from alcohol.
One recrystallization from the former gave a product with
m.p. 125.5-127°, Koelsch gives 126-127°. A specific ac-
tivity of 23 uc./mg.was obtained. In a similar experiment
using inactive iodine, 2 g. of bromotriphenylethylene gave
1.573 g. of iodo compound or 68.8%,.

Acknowledgment.—The author expresses grati-
tude to Drs. K. G. Scott, J. G. Hamilton, W. M.
Garrison and E. Hoerger for advice received during
this work.
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Polarography of 8-Quinolinol-5-sulfonic Acid
By J. P. PHILLIPS AND QUINTUS FERNANDO
RECEIVED MARCH 18, 1952

An interpretation of the polarograms of §&-
quinolinol is made difficult in acid solutions by
catalytic waves that obscure the reduction waves,
and in neutral solutions pronounced maxima dis-
tort the curves.! Since the sulfonic acid group
apparently does not reduce at the dropping mer-
cury cathode,? and the reduction of quinoline sul-
fonic acids by chemical means appears little differ-
ent from the unsubstituted quinolines,® the polaro-
graphic behavior of 8-quinolinol-5-sulfonic acid
should be very similar to that of 8-quinolinol.

(1) J. T. Stock, J. Chem. Soc., 588 (1949).

(2) S. Wawzonek, Anal. Chem., 21, 64 (1949).
(3) K. V. Bokil, J. Indian Chem. Soc., 18, 404 (1936).
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It was found, however, that s-quinolinol-5-
sulfonic acid gave a catalytic wave in acid solutions
at more negative potentials than did 8-quinolinol,
so that at least one of the reduction waves prior to
the catalytic wave could be analyzed (Fig. 1).
Logarithmic analysis of this reduction wave in-
dicated a one-electron process. Additional waves
were masked by the catalyvtic wave,

i i :
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Tig. 1.—Polarogramns of 8-quinolinol-5-sulfonic acid;
from left to right: pH 3.73, 6.50, 8.90, 11.10; conceutration
4.73 X 107 M.

In approximately neutral solutions 8-quinolinol-
5-sulfonic acid was remarkably free from maxima,
in contrast to 8-quinolinol.! The reduction wave
found in acid solutions decreased in height with
increasing pH. At a pH of 9 a well-defined double
wave is obtained without indication of any following
catalytic wave.

In alkaline solutions (pH 10-11.5) a single wave
decreasing in height with increasing pH was ob-
tained; the half-wave potential followed the equa-

tion Ey, = —0.77 — 0.059 pH. Evidently the
reaction is a one-electron reduction similar to &-
quinolinol.

In stronger alkali (pH 12) 8-quinolinol-5-sulfonic
acid was not reducible. The double negative
charge on the ion in such solutions may prevent the
acquisition of further electrons.

The behavior of 8-hydroxyquinaldine-5-sulfonic
acid was also investigated; in most respects it
resembled 8-quinolinol-3-sulfonic acid fairly closely.
The half-wave potential in alkaline solutions obeyed
the equation E./, = —0.97 — 0.050 pH.

In view of the smoother waves obtained from
these sulfonic acid derivatives in acid and neutral
solutions they would seem to be better suited for
analytical use than 8-quinolinol which has a usable
reduction wave only in alkaline solution.

Experimental

A Sargent Model XXI Polarograph and un H-type cell
kept at 25 = 0.01° were employed for all determinations.
Measurements were made against a saturated calomel elec-
trode. The characteristics of the dropping mercury elec-
trode, determined in 0.1 N potassium chloride on open cir-
cuit, were: m = 2.30 mg. /sec., { = 4.00 sec.

Polarograms were run on each compound at six or more
pH values between 2 and 12 and at concentrations ranging
from 0.0001 to 0.001 A{. DBritton and Robinson buffers
(consisting of acetic, phosphoric and boric acids with so-
dium hydroxide) were used after polarographic examination
for reducible impurities. Oxygen was removed from the
solutions with nitrogen. An iastrument sensitivity of 0.100
was usually suitable.

Acknowledgments.—'This work was supported in
part by a grant from the Research Corporation.
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The Cyclization of Disubstituted Pentenoic Acid
Derivatives

By RoBERT F. RArraur!
RECEIVED FEBRUARY 23, 1952

The conversion of substituted pentenoic acids to
lactones, and of a-benzylpentenoic acid to a tetra-
hydronaphthalene derivative by means of sulfuric
acid had been studied by Darzens some years ago.?
More recent expression of interest in the cycliza-
tion of these acids® prompts us to record a similar
series of observations with reference to the facile
cyclization of 2,2-diethyl-4-pentenenitrile (I)
which was carried out in these laboratories inde-
pendently.

When 1 was dissolved in cold (0-5°) concentrated sul-
furic acid and the solution was allowed to come to room tem-
perature gradually (3-5 lir.) there was obtained, after dilu-
tion with water and neutralization with sodium hydroxide
an 80% yield of a basic substance which, according to the
observations of Schultz and Easton, we formulated as
2-imino-3,3-diethyl -5-methyltetrahydrofuran (II). The
compound was surprisingly stable; it distilled with no evi-
dence of decomposition as a colorless liquid (b.p. 80-82°
(10 min.)). Amnal. Caled. for GGH;zNO: N, 9.02. Found:
N, 8.80, 8.90.¢ It formed a crystalline benzenesulfonyl
derivative, colorless needles from ethanol, m.p. 113-115°.
Anal. Caled. for Ci;HaNO:S: N, 4.74; S, 10.85. Found:
N, 4.68, 4.67; S, 10.80, 10.82. Hydrolysis in dilute mineral
acid, or in alcoholic alkali followed by acidification, yielded

R
\r(‘ --(OX
R-
CHe O H==CHL
R = U,

R
: R
R> TN HzNCO—C<
0 I SR
./ CHyz==CH—CH,
“H,
1I 111

a neutral, nitrogen-free product (b.p. 108-112° (19 mm.))
whose properties agreed with those expected for a lactone.
Anal. Caled. for CH;602: C, 69.2; H, 10.3. Found:
C, 68.8, 68.4; H, 10.2, 10.3. The same product was ob-
tained from 2,2-diethyl-4-pentenoic amide (III); however,
the solution of this compound in sulfuric acid was notstrongly
exothermic and could be conducted without external cool-
ing. Craig’s proposed meclianism? offers, in this case, a
plausible description of the course of the reaction. In the
case of the nitrile, however, this course is not as obvious;
clearly an atomn of oxygen must be introduced into the mole-
cule to account for the product. Whether this is accom-
plished by initial and rapid hydrolytic attack of the CN-
group followed by cyclization, or by preliminary addition
of sulfuric acid to the allylic double bond followed by cyclic

(1) Research Associate, National Cancer Institute; present ad-
dress: Smith, Kline and French Laboratories, Philadelphia 1, Pa,

(2) G. Darzens, Compt. rend., 188, 748, 1110 (1926).

(3) P. N. Craig, Tuts Jour~aL, T4, 129 (1952).

4% E. M. Schultz, C. M. Robb and J. M. Sprague, ibid., 69, 2454
(1947).

(%) N, R. Laswon, J. H. Garduer and J. R. Stevens, ibid., 69, 2041
(18470,

{6) Microanalyses by Mr. 8. Alpert.
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imino-ether formation involving the resulting hydroxy ni- Ri—N

trile ester has not been demonstrated. We observed, how- S(CH;CH,CSNH;), 1 S
ever, that the saturated compound, 2,2-diethylvaleronitrile CH,CH,—
(obtained by hydrogenation of 2,2-diethyl-4-pentenenitrile S 2

over Pd:CaCO;, b.p. 84-86° (20 mm.)), when subjected to 111 IV, R = CeH;

the same experimental conditions was recovered largely V,R = CH,
unchanged; only a small amount of the amide? (crystallized

from petroleum ether, m.p. 68-69.5°) was formed. Experimental

Craig? demonstrated that similar cyclizations of «-di-
substituted allylacetic acids or esters could be carried out
by the use of bromine. We became aware of this possibility
during a study of the reactions of 2,3,4,5-bis-(A%-butenyl-
ene)-tetrahydrofuroic acid (IV)® (octahydrodibenzofuran-
4a-carboxylic acid). When either the acid or its methyl
ester was treated with an excess of bromine in chloroform
at 0°, there was obtained a neutral, colorless crystalline
product (needles from acetic acid, m.p. and mixed m.p.
228-230° dec.) which contained but three atoms of bromine.

Anal. Caled. for Cyi3Hy;03Brs: Br, 52.2. Found: Br,
51.8, 52.2. This we believed to be the tribromolactone
(V).
Br
NN’ ‘

More detailed study of the mechanism of the transforma-
tions involving allylic systems of this type may be expected to
contribute to the knowledge of the structure of the com-
pounds related to IV and V. It has been pointed out that
such a study has been undertaken in another laboratory.?

(7) C. L. Carter and S. N. Slater, J, Chem. Soc., 130 (1946).

(8) This structure was proposed by J. C. Hillyer, ¢ al., Ind. Eng.
Chem., 40, 2216 (1948). An extensive series of compounds may be de-
rived from the aldehyde formed by condensation of furfural with buta-
diene. We do not regard this structure as unequivocally established.

(9) See Craig, ref. 3, footnote 6. :

RESEARCH LABORATORIES
THE NATIONAL DRUG COMPANY
PHILADELPHIA 44, PA.

3,8'-Di-(2-thiazolyl)-diethyl Sulfides
By EpGAR A, STECK AND LYNN T. FLETCHER
RECEIVED APRIL 29, 1952

A recent publication of Dahlbom!?! prompts us to
record observations of similar nature in attempts
to prepare 2-(B-diethylaminoethyl)-4-phenylthia-
zole (I). It was found that the action of hydrogen
sulfide on 3-diethylaminopropionitrile had not pro-
duced the expected thioamide (IT), but, rather, an-
other substance, since (I} did not result from the
reaction of the intermediate with phenacyl bromide.
The intermediate, which we did not obtain in crys-
talline form, was indicated to be 3,3’-thiodi-(pro-
pionthioamide) (I111) through analyses of the com-
pounds (IV) and (V) formed by reaction with
phenacyl bromide and chloroacetone. Only the
8, 8’-di-(4-substituted-2-thiazolyl)-diethyl  sulfide
type could be isolated, and no further study was
done. Dahlbom! has given the problem more de-
tailed consideration.

N'—1C5H5
(H,:,Cg)gNCHgCHlS J

I II

(1) R. Dahlbom, Acta Chem. Scand., 6, 680 (1951),

(H:C2):NCH,CH,CSNH;

8,8’-Thiodi-(propionthioamide) (III).,—A mixture of
139.0 g. (4.1 moles) of hydrogen sulfide, 180.9 g. (1.43 moles)
of B-diethylaminopropionitrile and 700 cc. of absolute eth-
anol was shaken at 60° for 10 hours. The viscous, brownish
residue which remained after removal of the low-boiling
material weighed 150.0 g. (50.59%, yield). Attempts to
induce the thioamide to crystallize were unsuccessful.
8,8’-Di-(4-phenyl-2-thiazolyl)-diethyl Sulfide (IV).—A
solution of 17.5 g. (0.08 mole) of crude (III) in 175 cc. of
absolute ethanol was treated with 20.0 g. (0.1 mole) of
phenacyl bromide and refluxed three hours. The cooled
mixture gave a greenish-white solid (21.3 g., m.p. 192-173°)
when a large volume of ether was added. The crude dihy-
drobromide was converted to the base (IV) with aqueous
ammonia. After three crystallizations from hexane, 8.7 g.
(43%) of pure (IV) resulted; m.p. 68.2-69.2° cor. (lit.!
m.p. 68-69°).

Anal. Caled. for CpHgoN:S;: N, 6.86; S, 23.54; mol.
wt., 408.6. Found:? N, 6.98; S, 23.48, 23.62; mol. wt.,
420,

8, 8’-Di-(4-methyl-2-thiazolyl)-diethyl Sulide (V).—The
reaction of 0.08 mole of crude (III) with 0.1 mole of chloro-
acetone in ethanol was run as indicated above. A crude
yield of 11.0 g. of dihydrochloride of (V), m.p. 195-197°,
resulted; two crystallizations from ethanol-hexane gave
7.4 g. (429,) of fine white needles, m.p. 215-216°, The
base (V) wasan oil.

Anal. Caled. for C12H15N253'2HC1! N, 784, S. 26.91:
Cl—, 19.84. Found:? N, 8.05; §, 26.97; Cl-, 19.91.

(2) Analyses by Mr. M. E, Auerbach and staff ol the Analytical
Laboratories of this Institute,

STERLING=WINTHROP RESEARCH INSTITUTE
RENSSELAER, NEW YORK

Polarographic Behavior of 12-Ketosapogenins

By ConstanTINE RiccruTy, C. O, WiLLits, M., E, WALL AND
M. M. KRIDER

RECEIVED DECEMBER 19, 1951

Steroidal compounds containing «,8-unsaturated
keto groups are polarographically reducible. Eisen-
brand and Picher! and Sartori and Bianchi? found
that steroids such as testosterone, progesterone,
pregnenol-17-one-3 and desoxycorticosterone, are
reducible at the dropping electrode in aqueous
ethanol solutions and give waves which are propor-
tional to concentration. The polarographic
method was applicable only to the A‘unsaturated-
3-ketosteroids, for their saturated analogs did not
give polarographic waves. Wolfe, Hershberg and
Fieser®‘ investigated Al-cholestenone and found
that it was reducible. All of these reducible com-
pounds contain an «,G-unsaturated keto group.
They also extended the polarographic method to
include 17-ketosteroids and 20-ketosteroids by
reaction of these steroids with Girard Reagent T to
form polarographically reducible Girard derivatives.

There have been no previous reports on the
polarographic behavior of 12-ketosapogenins which

(1) J. Eisenbrand and H. Picher, Z. physiol. Chem., 260, 83 (1939).

(2) G, Sartori and E. Bianchi, Gazz. chim. ital., T4, 8 (1944),

(3) ]. K. Wolfe, E. B, Hershberg and L. F. Fieser, J. Biol. Chem.,
136, 658 (1940).

(4) J. K. Wolfe, E. B. Hershberg and L. F. Fieser, ibid., 140, 215
(1941).
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TABLE 1

IDENTIFICATION CHARACTERISTICS OF SAPOGENINS USED IN THIS STUDY

Melting point, °C.¢

Sapogenin Genin Acetate
Tigogenin 207-209 205-206
Hecogenin 260-261 245-246
Kammogenin 241-243 253-254
Manogenin 244246 248-250
9,11-Dehydromanogenin® 232-233 258-260

¢ All melting point determinations made with the Kofler block. ¢
¢ 959, pure, as estimated fromn ultraviolet and infrared absorption, with approximately

trations between 810 mg./ml.
5% of a non-conjugated carbonyl sapogenin,

are important as precursors in steroid syntheses.
The present method for the determination of polaro-
graphic behavior of these compounds allows the
use of a nom-aqueous medium consisting of a
lithium chloride methanol-benzene electrolytic
solution in which the 12-ketosapogenins are soluble.

Experimental

A Sargent Model XXI Polarograph was used to obtain
the current-voltage curves. The capillary had ¢ and
values of 1.35 seconds and 3.587 mg. per sec., respectively,
which gave a capillary constant of 2.46 mg.%ssec. V>,
The m and ¢ values were obtained in an open circuit, with
the polarographic cell maintained at 25.0°, and with the
capillary dipping into the non-aqueous electrolytic solution.
The capillary constant at —1.80 volts under the above con-
ditions was 2.38. This value has been used to calculate the
diffusion current constant of the 9,11-dehydromanogenin.

The electrolytic cell was a modified Lingane H-cell® with a
saturated calomel reference electrode. This cell had an
open circuit resistance of 1175 ohms, and all half-wave poten-
tials were corrected for IR drop. Half-wave potential read-
ings were made against the saturated calomel electrode, and
the polarograms were obtained at 25 =& 0.1°. The sapo-
genins were isolated and characterized by methods developed
at this Laboratory.5 Descriptive data for these compounds
are presented in Table I. Thirty milliliters of the electro-
lytic solution, consisting of 0.3 M lithium chloride in a 50-50
(by volume) mixture of absolute methanol-benzene, was
measured into the sample arm of the H-cell. The solution
was degassed with high-purity nitrogen, and a polarogram
was recorded. The sample was then added (10-40 mg.),
and the solution was again degassed with nitrogen. A
polarogram was recorded, and from the increase in wave
height, the diffusion current of the reducible sapogenin was
calculated.

TaBLE [1
PoLAROGRAPHIC CHARACTERISTICS OF 9,11-DEHYDROMANO-
GENIN
Wt. sample Mole fa/
per 40 ml, per liter iq. pa. ia/C Cm*/st/s
0.0121 0,000885 4,76 5516 2.32
.0258 .001887 10.10 5489 2.31
.0390 .003019 15.70 5643 2.37

Results and Discussion

Tigogenin, which has no keto group, shows no
polarographic reduction. Hecogenin and mano-
genin, both having a 12-keto group but no unsatu-
rated linkage, show no reduction. Kammogenin,
which has a 12-keto group and a AP-unsaturated
linkage, also does not reduce. However, 9,11-
dehydromanogenin, which has both a 12-keto
group and a conjugated unsaturated linkage,
reduces at the dropping electrode with a half-wave
potential of —1.72 volts vs. S.C.E. and has a dif-

(8) C. 0. Willits, C. Ricciuti, H, B. Knight and D. Swern, Aual.

Chem.  in press.
6) M. E. Wall, ef al., J. Biol. Chem., in press,

Specific rotation®

Genin Acetate Infrared absorption

-70 —74 Carbonyl absent

+ 7 -3 Carbouyl max. at 1706 cm.™!
—-34 —-80 Carbonyl max. at 1714 cm.™!
-2 —-42 Carbonyl max. at 1709 cm,~!
- 7.8 Carbonyl max. at 1676 cm.™!

C=C max. at 1602 cm."!
b Rotutions determined at 25°, sodium lamp, concen-

fusion current constant of 2.33. This diffusion
current constant is similar to that found for other
conjugated ketones in the non-aqueous electrolyte.
Mesityl oxide, for exammple, has a diffusion current
constant of 2.07. The reducibility of the 12-keto
group of 9,11-dehydromanogenin in the non-
aqueous electrolyte was expected because of the
conjugated carbonyl group in this compound.
Table 11 shows that the wave height of the 9,11-
dehydromanogenin is directly proportional to
concetitration in the range studied (10 to 40 mg./
30 ml.j. The use of the lithium chloride non-
aqueous electrolyte made possible the direct polaro-
graphic analysis of these water-insoluble steroidal
compounds.

Acknowledgment.—The authors acknowledge the
assistance of C. R. Eddy in obtaining the infrared
data for the sapogenins.

EasTERN REGIONAL RESEARCH LABORATORY’
PHILADELPHIA 18, PENNSYLVANIA

(7) One of the laboratories of the Bureau of Agricultural and In.
dustrial Chemistry, Agricultural Research Administration, United
States Department of Agriculture, Article not copyrighted.

The Heat of Neutralization of Hydrogen-Ben-
tonite

By W, H. SLABAUGH
RECEIVED APRIL 5, 1952

Many clays undergo stoichiometric reactions
with various types of reagents. Reactions which
involve the base-exchange character of clays have
been widely investigated and are adequately re-
viewed elsewhere.! In previous work? there was
good indication that the exchangeable hydrogen
which was present in electrodialyzed bentonite
systems was of two principal types, namely, hydro-
gen ions in the adsorbed layer of the colloidal mi-
celles and hydrogen ions at the base-exchange sites.
Further, these ions showed primary and secondary
characteristics comparable to a typical diprotic
acid. The present work which consists of a ther-
modynamic study of the neutralization of these
hydrogen ions gives good indication that there is a
fundamental difference between these types of hy-
drogen ions and that, during storage, there is a defi-
nite tendency for the absorbed ions to become more
intimately associated with the clay micelles.

(1) E. A. Hauser, Ch¢m. Revs,, 87, 807 (1945); C. E, Marshall,
*‘The Colloid Chemistry of the Silicate Ainerals,”” Academic Press,
inc., New York, N. Y., 1949,

(20 WML Slabangh and I 1. Calberison, J. Phys. Colloid Chem.,
56, 744 11951).
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Experimental Methods

A 29, suspension of a typical Wyoming bentonite ob-
tained from the Baroid Division of the National Lead Com-
pany was permitted to stand for three months. After this
time, the supernatant suspension was decanted and electro-
dialyzed in a Mattson cell from which the so-called hydro-
gen-bentonite was obtained. Another procedure for the
preparation of the acid clay made use of a 30-inch column of
Amberlite 120 ion-exchange resin which had previously
been converted to its acid form by leaching the column with
109, HyS0,.3 After the column was washed with distilled
water until the effluent was neutral, the supernatant clay
suspension was passed through the column.

The base-exchange values of this bentonite as determined
by titration of these two differently prepared hydrogen-
bentonites were 75 milliequivalents per 100 g. of bentonite
for the electrodialyzed clay and 106 milliequivalents per 100
g. of bentonite for the columned clay. By the Graham and
Sullivan method4 of NH,C;H;0, adsorption on the original
clay, the base-exchange capacity was 86 milliequivalents
per 100 g. of bentonite.

The calorimeter (Fig. 1) which was constructed for this
study was contained in a I-liter dewar flask. A 57-junction
copper—constantan thermocouple constructed after the sug-
gestions of White,® showed a sensitivity of 2,20 millivolts
per degree at 23.5°. In actual operation, the potential
produced by the thermocouple was measured by observing
the deflection of the galvanometer of the potentiometer.
The galvanometer, a Leeds and Northrup Type R, showed a
deflection at 1 meter of 4100 mm. for each degree. Over
the length of the scale (500 mm.) the relationship between
temperature and galvanometer deflection was observed to be
exactly linear. Both the potentiometer and heater coil of
the calorimeter were operated from heavy duty storage
batteries, the potentials of which were essentially constant,
during a particular determination. The heater which
served to calibrate the calorimeter during each run was a
coil of 30 gage constantan wire and had a resistance of 31.65
ohms at 23.5°. The outside end of the thermocouple was
immersed in water which was contained in a second dewar
flask. The whole assembly was immersed in a 30-liter water-
bath which was insulated with 10 cm. of glass wool. The
water-bath was controlled to ==0.001° and the whole ap-
paratus was located in a room whose temperature was con-
trolled at 24.5 == 0.1°.

The over-all reliability and accuracy of the calibrations of
this instrument are shown by the results of a study wherein
0.00165 mole of hydrochloric acid in 220 ml. of water
reacted with an equivalent amount of sodium hydroxide
(10.00 ml. of 0.165 N NaOH). The alkali was added in
1.00-ml. portions and the amount of heat evolved was ob-
served for each of these portions. The actual quantity of
heat released in each of these steps was approximately 2.45
calories. The quantity was converted to the corresponding
molar heat of neutralization. The mean value for the heat
of neutralization of HCI by NaOH based upon these ten de-
terminations was 13,550 == 195 calories. The probable error
~ =8
n(n — 1)
where p is the probable error of the mean, 4§ is the deviation
of each observation from the mean, and % is the number of
observations. In view of the small amount of acid and base
involved in these measurements, and the classical values
of Richards and Rowef at comparable concentrations (13,640
calories per mole), the accuracy of this method appears
adequate.

In making a determination, 220 ml. of a clay suspension
was placed in the calorimeter dewar flask and its temperature
was adjusted to 23.50 ==0.01°. The reservoir was filled with
0.165 N NaOH at the same temperature, and the calorimeter
was assembled and immersed in the water-bath. Both the
clay suspension and the bath were adequately agitated with
paddle type stirrers. In order to make certain that thermal
equilibrium had been attained the calorimeter remained thus
for 8 hours before the actual observations were started.
Temperature readings as shown by the galvanometer were

(3) Loren C. Hurd uttd Wm. .. Vaun Horue, U. S. Patent, 2,431,481,

(4) Robert P. Graltam and J. D. Sullivan, J. Aw. Ceram. Soc., 21,
176 (1939). .

() W. P. White, Teus JoUR~aL, 86, 1836, 2292 and 2313 (1914).

(6) T. W. Richards aund A. W. Rowe, ibid., 44, 684 (1922).

was determined by the expression p = 0.6745
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H— CALIBRATION
HEATER
P— SYRINGE
PIPET
R — RE SERVOIR
S—PIPET
SCALE
T — THERMOCOUPLE

B — HEAT BARRIER

Fig. 1.—The calorimeter for the determination of the step-
wise neutralization of hydrogen-bentonite.

observed at half-minute intervals in order to establish the
slope of the time-temperature curve. One ml. of NaOH
was then added by means of the syringe pipet and tempera-
tures were noted until the slope of the time-temperature
curve became constant; this usually required about 5
minutes. One-ml, portions of NaOH were repeatedly added
until a 509, excess of alkali had been added. Then, three
separate calibrations of the heat capacity of the calorimeter
were made by passing 0.19 ampere through the heater coil
for 10.0 seconds. On occasiou, calibrations of the heat
capacity were made prior to or during the observations of the
neutralization reactions and, in any one run, the calibrations
were essentially identical to those obtained at the end of the
run. The method used for the calculation of the heat of
neutralization from these data is similar to that of Harkins
and Dahlstrom.” Operation of the syringe and stopcock
in the calorimeter produced no detectable quantity of heat.

All data presented in this paper are the results of duplicate
of triplicate runs. The results of the measurements of the
heats of neutralization of hydrogen-bentonite are summar-

(7) W. D. Harkins and R. Dahlstrom, Ind. Fng. Chem., 28, 897
(1930).
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Fig. 2.—Heat of ueutralization of electrodialyzed ben-
tonite and bentonite exchanged with hydrogen in an Amber-
lite IR 120 column.

ized in Fig. 2. The AH values were calculated on the basis
of molar quantities of alkali added in each step of the neu-
tralization process. For example, when 1 ml. of 0.165 N
NaOH (0.0165 millimole) is added to an acid system a cer-
tain quantity of heat is evolved. Thisamount of heat multi-
plied by (0.0000165)"! gives the amount of heat which
would be evolved by the reaction of a mole of NaOH with
a given portion of the hydrogen ions in the clay system.
The AH values do not represent the total heat of neutraliza-
tion but, rather, the quantity of heat evolved in each suc-
cessive step in the neuttalization process. In plotting these
data, the quantity of alkali is expressed in terms of the num-
ber of milliequivalents of NaOH per 100 g. of oven-dried
bentonite. By determining the total area under the AH
curves it is possible to express the mean heat of neutraliza-
tion. The electrodialyzed clay gave values of 8,000 calories
per mole for the freshly pfepared samples, and 6,700 calories
per mole for the aged samples. The columned clay gave
values of 10,400 calories and 9,400 calories per mole for the
fresh and aged samples, respectively.

In Fig. 3 are the potentiometric titration data for the same
system. A glass electrode and a sleeve type calomel cell

were used in these titrations.

M - — ALETTROOIALYZED TeaY
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MILLIEOUWIVALENTS OF NAON/ 100 g. BENTONITE.
Fig. 3.—Potentiometric titration of electrodialyzed bento-
nite and bentonite exchanged with hydrogen in an Amberlite
IR 120 column.

Discussion

The experimental data obtained in this work
show further indication of the existence of two
types of available hydrogen in the hydrogen—ben-
tonite system. In the acid-clay from the electro-
dialvsis and column procedures, the early portions
of alkali react with hydrogen ions which are com-
pletely ionized. During the latter part of the neu-
tralization process, the hvdrogen ions show a much
different character. The lower heat of reaction
shows that these secondary hydrogen ions are less
highly ionized, possible less available geometrically,
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and that considerable energy is required for the hy-
dration of these ions. These two types of hydrogen
ions correspond to the plateaus in the AH curves.

Considerable heat is evolved by the addition of
NaOH beyond the stoichiometric end-point which
follows the second plateau in the AH curves. This
is attributed to the greater degree of covalency of
the hydrogen ions which are neutralized only at an
alkalinity above pH 9.0. It is doubtful if this heat
is associated with the physical adsorption of NaOH
which is described by Kayser and co-workers.?
Apparently, up to 75 milliequivalents of NaOH
beyond the stoichiometric end-point can be physi-
cally adsorbed. Since this is probably a van der
Waals adsorption, the heat of adsorption would
likely be too small to detect by the present method.

A significant contrast between the electrodialyzed
and columned bentonite is shown by the end-point
in the titration curves. For the electrodialyzed
clay, the primary end-points require one-half and
one-third as much of base as is required for total
neutralization of fresh and aged samples, respec-
tively. In the case of the columnned clay, the pri-
mary end-points require 80 and 509, as much base
as is required for the total neutralization of fresh
and aged samples, respectively.

Although the total amount of titratable hydro-
gen ion remains essentially the same, aging pro-
duces pronounced effects upon the ratio of primary
to secondary hydrogen ions in the clay systems.
The curves in Figs. 2 and 3 represent the maximum
change in this respect which the hydrogen—clay un-
derwent in 60 days. These data suggest that in the
aging process the highly reactive hydrogen ioms,
which are probably concentrated to a considerable
extent in the adsorbed ion layer of the colloidal
micelles, migrate into the micelle and occupy posi-
tions which are geometrically closer to the nega-
tively charged points on the clay lamina, the base-
exchange sites. These ionic migrations provide
experimental evidence for Pauling's electrostatic
valence principle which was applied to clays by
Hendricks.® The principle states that ionic sys-
tems are statistically neutral on the smallest pos-
sible scale. In freshly prepared hydrogen—bento-
nite, the hydrogen ions have not reached their most
stable positions. Due to the small ionic radius of
the hydrated proton it is conceivable that if enough
base-exchange sites are available, most of the hy-
drogen ions in the hydrogen—clay system would
eventually migrate into the laminar structure of
these layer silicates, whereupon thev would attain
their maximum covalency.

(8) F. Kuyser, J. M. Bloch o) G, Gommery, Bull, sor. vhim. Frauce,

462 (1931).
(9) S. B. Hendricks, Ind. Eng. Chew., 87, 625 (1945).
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33,17a-Dihydroxynorcholanic Acid Lactone

By AucusT I. RYER AND WiLLiaM H. GEBERT
RECEIVED MARcH 17, 1952

Recently we reported the isolation of a new
by-product of the oxidation of sitosterol acetate
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dibromide, 3B-acetoxy-17a-hydroxynor-5-cholenic
acid lactone.! We now describe the reduction of
the 3-hydroxy derivative to give a mixture of the
corresponding norcholanic and allonorcholanic lac-
tones and the conversion of the latter to the known
33-hydroxyallonorcholanic acid.? As in our pre-
vious work,! the allonorcholanic lactone was
opened with alkali to give the hydroxy acid (I).
The 3-acetate methyl ester (1II) was dehydrated
with thionyl chloride to the A'-norcholenate (IV)
and reduction of the latter gave the allonorchola-
nate (V).

The A'-norcholenate (IV) had an absorption
band at 12.20 microns in the infrared (Nujol mull)?
which is typical of the structure R,C=CHR.
Neither I1I nor V had absorption in this region.

o,
l
CHCH,COOR’
—om oy
CHCH.COOCH,
Gt
| —
i AN
A
crcoo” Vi
v
LR =HR =H
ILR =H,R =CH; \
I, R = CH,;CO, R’ = CH

V. Methyl-3B-acetoxy-
allonorcholanate

Experimentalt

38,17«-Dihydroxyallonorcholanic Acid Lactone.—A sus-
pension of 12 g. of 38,17a-dihydroxynor-3-cholenic acid lac-
tone [m.p. 282-283°; [a|%D —94.4° (2% in CHCly)]! was
hydrogenated at atmospheric pressure and room tempera-
ture using 1.2 g. of platinum oxide catalyst. The reduction
was stopped wheu 1053 ml. of hydrogen had been con-
sumed (35 minutes). Since the product was completely in
solution at the end of the hydrogenation, the catalyst was
removed by filtration and the volume of the filtrate reduced
to 100 ml. The solution was poured into water and the
resulting precipitate filtered, washed neutral with water and
dried to give 12.0 g. of a mixture of the isomeric saturated
lactones, m.p. 220-263°. The crude product from several
hydrogenatious (44.0 g.) wus recrystallized twice from ace-
tone to give 23.0 g. of 38,17a-dihydroxyallonorcholauic acid
lactone (needles) melting at 284.0-285.4°; [a]®D —16.4°
(2% in CHCl;). (Surprisingly, a4 mixture with a sample of
the unhydrogenated hydroxy lactone showed no depression
in the melting point.) The acetoue filtrates were held for
the isolation of the other saturated lactoue below.

Anal. Caled. for C3H;0;: C, 76.62; H, 10.07. Found:
C, 76.20; H, 10.25.

3 8-Acetoxy-17«-hydroxyallonorcholanic Acid Lactone.—
The allolactone (above) (4.0 g.) was ucetylated by refluxing
two hours with 40 ml. of acetic anhydride. The crude
product (4.38 g.) melting at 239.0-241.5° was recrystal-
lized from methanol and acetone to give 3.08 g. of 38-
acetoxy-17«-hydroxyallonorcholanic acid lactone (long
needles), m.p. 240.6-242.6; [a]??D —21.1° (29, in CHCl,).

Anal. Caled. for CysHyO4: C, 74.59; H, 9.52. Found:
C, 75.00; H, 9.80.

(1) A. I. Ryer and W. H, Gebert, THis JoURNAL, T4, 41 (1952).

(2) P. A. Plattner and J. Pataki, Helv. Chim. Acta, 26, 1241 (1943).

(3) R. B. Barnes, R. C. Gore, R. W. Stafford and V. Z. Williams,
Anal. Chem., 20, 402 (1948). '

(4) All melting points are corrected. Microanalysis and micro.
rotatlons by Edwin Conner and staff of these laboratories,
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38,17«-Dihydroxynorcholanic Acid Lactone.—The ace-
tone mother liquor from the crystallization of the crude
hydrogenation mixture, after removal of the bulk of the
hydroxy allolactone, was concentrated to dryness. An 8.0-g.
portion of this material was dissolved in hot benzene, con-
centrated to a low volume and while hot, an equal volume
of naphtha (b.p. 80-120°) was added. After cooling to 25°,
the crystals were filtered and washed with a mixture of
equal parts of benzene and naphtha to give 5.5 g.; m.p.
211-220°. This material was dissolved in hot acetone,
concentrated to a heavy slurry of crystals, cooled and fil-
tered to give an additional vield of 1.4 g. hydroxyallolactone,
m.p. 279-282°. The mother liquor upon concentrating to
dryness (3.7 g.) melted at 213.5-224.0°. A solution of this
residue in 200 ml. of benzene was chromatographed using
20) g. of 60~100 mesh Florisil.>* The column was eluted with
benzene and the eluate collected in 300-ml. fractious which
were each concentrated to dryness. The first two fractions
contained only a slight trace of oil, and the unext seventeen
fractions contained only a new lactone, melting sharply at
234.5-235.5°. Further elution of the columin gave a mix-
ture of the two isomers. The sharp melting fractions were
combined (1.53 g.), dissolved in hot acetone and concen-
trated to a low volume. The acetone was completely re-
placed with ethyl ether by distillation, concentrated to a
heavy slurry of crystals, cooled to 5° and filtered to give
1.2 g. of 38,17a-dihydroxynorcholanic acid lactone (needles),
m.p. 234.6-236.4°; [a]®D —15.2° (2%, in CHCl).
Anal. Caled. for C;3H360;: C, 76.62; H, 10.07. Found:
C, 76.69; H, 10.30.

38,17a-Dihydroxyallonorcholanic Acid (I).—A solution
of 18.2 g. of 38,17a-dihydroxyallonorcholanic acid lactoue
in 1300 ml. of 5%, ethanolic potassium hydroxide was re-
fluxed for two hours and the mixture poured into 5 1. of
water. Dilute hydrochloric acid was added to the solution
of the potassium salt until it was just faintly acid to litmus
and the precipitated free acid filtered, washed neutral and
air-dried. The crude acid (19.0 g.) was dissolved in hot
methanol, treated with activated carbon, and concentrated
to a low volume. The methanol was replaced with ethyl
ether by distillation and the ether solution concentrated to
a heuvy slurry of crystals. After cooling to 5°, the crystals
were filtered to give 13.8 g. of I, [a]?2D —1.58 (2% in meth-
anol). When the melting point capillary was inserted at
260°, the acid immediately melted and bubbled up the tube,
solidified and finally remelted at the melting point of the
hydroxy allolactone (282.0-284.0°).

Anal. Caled. for Ci3Hyi04: C, 72.97; H, 10.12.
C, 72.80; H, 10.50.

Methyl 38,17a-Dihydroxyallonorcholanate (II).—The
silver salt of the hydroxy acid (I) was prepared by a modifi-
cation of the method of Allen and Wilson.® To a solution
of 15.0 g. of the acid (I) and 2.81 g. of 87%, potassium hy-
droxide in 200 ml. of methanol and 200 ml. of water was
added a solution of 7.4 g. of silver nitrate in 50 ml. of water
with agitation and the suspension of silver salt stirred for
10 minutes. Methyl iodide (57 g.) was added. and after
stirring for 15 ninutes the mixture was filtered. The filter
cake was extracted with hot methanol and the extracts
added to the original filtrate. The combined liquids were
concentrated to a small volume, poured into water and
filtered to give 14.5 g. of crude ester (II). The crude ester
(8.0 g.) was recrystallized from metharol to give 2.0 g. of
fine needles, [a]?2D —0.4° (2% in methanol). When the
sample was inserted in the melting point bath at 125°, it
melted at 150-153° with bubbling, resolidified at approxi-
mately 170° and finally remelted at 282-284°. When
heated, the methyl ester apparently lost the elements of
methanol to regenerate the lactone.

4nal. Caled. for CosHyO4: C. 73.43; H. 11.33.
C, 73.40; H, 10.70.

Methyl 3 3-Acetoxy-17a-hydroxyallonorcholanate (III).—
A solution of 13.5 g. of the methyl ester (11) in 67 ml. of dry
pyridine and 13.5 ml. of acetic anhydride was warmed at
60° for one hour, allowed to stand overnight and then
poured into water. The precipitate was filtered, washed
thoroughly with water and dried. The crude product was
recrystallized from methanol to give 10.7 g. of (III), m.p.
196.0-198.4°; [«]?'D —10.25° (2% in CHCl;). When the

(5) Obtained from the Floridin Company, Warren, Pennsylvania.
(6) C.F. H. Allen and C. V, Wilson, Org. Syntheses, 26, 52 (1946).

Found:

Found:
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melting point sample, after melting, was heated to 250° and
cooled, the resolidified niaterial remelted at 236-238° {lac-
tone acetate].

Anal. Caled. for CesHypO5: C, 71.85; H, 9.74. Found:
C, 72.08; H, 9.95.

Methyl 33-Acetoxyallonor-16-cholenate (IV).—A solu-
tion of 11.3 g. of the acetoxy ester (III) in 114 ml. of dry
pyridine was cooled in an ice-salt-bath and 11.4 ml. of re-
distilled thionyl chloride added. The mixture was allowed
to stand for two hours in an ice-salt-bath and for one hour
at room temperature, then poured into ice-water and stirred
for one hour. The crystals were filtered and washed neu-
tral with water to give 10.9 g., m.p. 94-170°. The crude
product was dissolved in hot methanol, the solution con-
centrated to 55 ml., cooled and filtered to give 8.0 g., m.p.
103-180°. These crystals were dissolved in 300 ml. of
ethyl ether, the volume reduced to 100 ml., cooled and the
crystals filtered to give 1.6 g. of needles, m.p. 236~238°.
A second crop of needles (0.25 g.) with the same melting
point was obtained from the mother liquor at a volume of
35 ml. A mixture of these needles with a sample of the acet-
oxy lactone showed no depression in the melting point. Itis
apparent that relactonization occurs during the dehydration
reaction. The mother liquor after removal of the lactone
acetate was concentrated to dryness and the residue recrys-
tallized several times from methanol and ethanol to give
3.1 g. of IV (fine needles) nelting at 120.6-123.4°; [«]%'D
+2.0° (2% in CHCl).

Anal. Caled. for CH,Oy4: C, 74.96; H, 9.68. Found:
C, 74.70; H, 9.83.

Methyl 33-Acetoxyallonorcholanate (V).—A solution of
2.0 g. of the unsaturated acetoxy ester (IV) dissolved in 300
ml. of absolute alcohol was hydrogenated at 760 mm. and
25° using 0.6 g. of 109 palladium-on-charcoal. The re-
duction was stopped when 109 ml. of hydrogen had been
consumed (22 minutes). Fine needle-like crystals were
forined during the reduction. The mixture of catalyst and
crystals was removed by filtration and the filter cake washed
thoroughly with chloroform to remove the sterol. The
filtrate was concentrated to a small volume, the chloroform
replaced completely with ethanol by distillation and the
volume reduced to 40 ml. After cooling to 5°, the crystals
were filtered to give 1.70 g. of V (needles), m.p. 157.5-
159.0°. After recrystallization from acetone and methanol
the analytical sample melted at 159.4-160.8°; [a]%D
+11.0° (2% in CHCIl;). This product corresponds in its
properties to the methyl 3B-acetoxyallonorcholanate de-
scribed by Wieland and Miescher” and by Plattner and
Pataki.?

Anal. Caled. for CysHpO4: C, 74.60; H, 10.11. Found:
C, 74.50; H, 9.95.

33-Hydroxyallonorcholanic Acid.—The acetoxy ester
(V) was saponified by refluxing with 29, methanolic potas-
sium hydroxide. After recrystallization from ethyl acetate
and acetone, the product melted at 226.0-226.8°; [a]2D
+22.8° (1% in ethanol). These constants agree with those
reported by Plattner and Pataki.?

Acknowledgment.—We wish to thank Dr. W. B.
Tarpley and Miss C. Vitiello of our Chemical Re-
search Division for the infrared data herein re-
ported.

(7) P. Wieland and K. Miescher, Hely, Chim. Acta, 80, 1876 (1947).
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B-Glycerol Ethers Isomeric with Mephenesin

By W. A. WEsT anD B. J. Lubpwic
RECEIVED APRIL 14, 1952

In a search for drugs that exhibit muscle-para-
lyzing activity more intense and with a longer dura-
tion of action than mephenesin (3-o-toloxy-1,2-pro-
panediol), numerous compoutids have been synthe-
sized wherein variations were made in the nature
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and distribution of substituents in the aromatic
nucleus, and modifications were made in the hy-
droxylated side chain.! Among the previously re-
ported compounds are three isomers of mephenesin,
3-m-toloxy-1,2-propanediol, 3-p-toloxy-1,2-pro-
panediol and 3-benzyloxy-1,2-propanediol, all of
which have the formula C;H,;OCH,CHOHCH,OH,
but no reference has been made to the preparation
of the corresponding S-glycerol ethers. This paper
describes the preparation and physical constants
of the four isomeric 3-glycerol ethers having the for-
mula C;H;OCH(CH,OH);. These compoundsare of
interest not only because of their structural relation-
ship to mephenesin but also because of their
similarity to the anticonvulsant drug 2,2-diethyl-1,
3-propanediol (DEP). The results of phar-
macological studies carried out with these com-
pounds will be reported elsewhere.

Synthesis of the 2-toloxy-1,3-propanediols was
accomplished through the lithium aluminum hy-
dride reduction of the corresponding toloxymalonic
esters following the procedure described by Chaikin
for the reduction of ethyl phenoxymalonate.?
Since ethyl benzvloxymalonate could not be read-
ily prepared by direct condensation of ethyl chloro-
malonate and sodium benzylate, 2-benzyloxy-1,3-
propanediol was synthesized by the condensation
of benzyl chloride and the sodium salt of 5-hydroxy-
2-phenyl-m-dioxane followed by hydrolvsis of the
cvclic acetal.

The melting pomnt of each of the 2-toloxy-1,3-
propanediols is lower than that of the corresponding
3-toloxy-1,2-propanediol. However, the 2-benzyl-
oxy derivative was isolated as a solid whereas the
3-benzyloxy compound has been reported to be a
liquid.®* The B-glycerol ethers reported here have
water solubilities comparable to those of the corre-
sponding a-glycerol ethers, with the exception of 2-
m-toloxy-1,3-propanediol, which possesses an ab-
normally high water solubility.

Experimental!

Ethyl Toloxymalonates.—The three isomeric ethyl toloxy-
inalonates were prepared by condensation of ethyl chloro-
malonate with the appropriate sodium cresolate in absolute
ethanol following the procedure described for ethyl m-
toloxymalonate by Niederl and Roth.}

2-Toloxy-1,3-propanediols.—The diols were obtained by
reduction of the corresponding toloxymalonic esters with
lithium aluminum hydride? followed by acid hydrolysis of
the aluminate. The o-toloxy compound was purified by
fractionation under diminished pressure, the meta- and para-
isomers by crystallization from benzene-ligroin solution.

5-Benzyloxy-2-phenyl-m-dioxane (VII).—To a well-
stirred suspension of 4.3 g. (0.11 mole) of sodium amide
in 200 ml. of anhydrous toluene, there was added portion-
wise 18.0 g. (0.1 mole) of 1,3-benzylidene glycerol® and the
mixture was refluxed until the evolution of ammonia had
ceased. A solution of 16.0 g. (0.12 mole) of benzyl chloride
in 50 wl. of anhydrous toluene was added over a period of
15 minutes and refluxing continued for six hours. The
mixture was cooled, washed with two 50-ml. portions of
water, dried over sodium sulfate and concentrated in vacuo.

(1) For a listing of the pertinent references in this field, see: B. J.
Ludwig, W. A. West and W. E. Currie, TH1s JoURNAL, T4, 1935 (1952).

(2) 8. W. Chaikin, tb:d., 70, 3522 (1948),

(3) ]. C. Sowden and H. O. Fischer, ibid., 63, 3244 (1941).

(4) All temperatures reported are uncorrected, Microanalyses
were performed by Schwarzkopf Microanalytical Laboratory, Middle
Village, Long Island, New York.

(5) ]. B. Niederl and R. T. Roth, Tais JoUrNaAL, 62, 1154 (1040},

(8) H, Hibbert and N, M., Carter, ibid,, b1, 1608 (1920).
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TaBLE I
Compd. Yield, B.p.. M.p., Empirical Carbon, % Hydrogen, %
no. Compounds %° °C, Mm. n%p °c.h formula  Caled. Found Caled. Found
I 2-0-Toloxy-1,3-propanediol 80 150~-183 2.0 1.5391 ..... CyHO; 65.956 66.16 7.69 7.81
11 2-m-Toloxy-1,3-propanediol 92 66-67 CpHuO; 65.95 66.22 7.60 7.81
III  2-p-Toloxy-1,3-propanediol 68  ..... .. 68-69 CpHu0; 65.95 65.98 7.69 7.59
IV 2-Benzyloxy-1,3-propanediol 87 185-187 10.0 38.6~40 CpHuO; 65.95 65.88 7.69 7.59
v Ethyl o-toloxymalonate 69 140~142 2.0 S 49, 5-50 CuH1s0s 68.15 62.75 6.77 6.77
VI  Ethyl p-toloxymalonate 65 110-114 0.1 1.4908 ....... CuHiOs 63.15 63.32 6.77 6.81
VII 5-Benzyloxy-2-phenyl-m-
dioxane 60 ..... 75.5-76.5 CypyHiOs 75.55 75.85 6.71 7.01

¢ Yields are based on material of reasonable purity and do not taken into account the recovery of starting materials,

® M.p. data are for analytically pure samples.

The residual oil, which solidified on standing, was purified
by crystallization from benzene-ligroin solution.

2-Benzyloxy-1,3-propanediol (IV).—A solution of 32.5 g.
(0.12 mole) of 5-benzyloxy-2-phenyl-m-dioxane (VII), 170
ml. of ethanol, 60 ml. of water and 2.0 ml. of concentrated
sulfuric acid was refluxed for two hours. Most of the eth-
anol was removed by distillation, the residue cooled and neu-
tralized with sodium bicarbonate and the benzaldehyde
steam distilled from the mixture. The aqueous solution of
the diol was saturated with potassium carbonate and ex-
tracted with three 50-ml. portions of ether. After drying
over magnesium sulfate, the ethereal solution was concen-
trated and the residual oil distilled under reduced pressure.
The distillate solidified on cooling and was further purified by
crystallization from benzene.

Table I summarizes the physical constants and analytical
data for these compounds.

RESEARCH DiIvisioN
WALLACE LABORATORIES, INC.
NEw BRrRUNSWICK, N, J.

The Reduction of 1,2-Isopropylidene-p-glucurono-
lactone with Lithium Aluminum Hydride!

By SAUL ROSEMAN
RECEIVED JULY 28, 1952

In the synthesis of 6-C!é-glucose described re-
cently by Sowden,? the final step is the reduction
of 6-C14-1,2-isopropylidene-p-glucuronolactone
with sodium borohydride followed by acid hy-
drolysis of the resultant mixture to yield glucose.
With the particular lot of ion exchange resin
(Duolite A-4) available for our first experiments,
some difficulty was experienced in complete re-
moval of the borate ion. A modification of the
reduction step was therefore developed, utilizing
lithium aluminum hydride. Although this reagent
has a disadvantage in that it requires anhydrous
conditions for its action, it possesses two advan-
tages: (1) an increased yield of glucose, (2) it is
possible to isolate the intermediate 6-C14-1,2-iso-
propylidene-p-glucose in good yield.

Experimental -

1,2-Isopropylidene-p-glucose.—The reaction vessel is a
three-necked Grignard reaction flask into which are inserted
a condenser and a dropping funnel, both protected with
drying tubes. Stirring is performed with a magnetic stirrer,
8 ml. of a 1.6 M solution of lithium aluminum hydride
(cleard) is added through the third opening in the flask

(1) This investigation was supported by grants from the National
Heart Institute of the National Institutes of Health, U, S. Public
Health Service, and the Helen Hay Whitney Foundatlon.

(2) J. C. Sowden, THIS JoUrRNAL, T4, 4377 (1952); prellminary
report, 119th Meeting, ACS, Milwaukee, April, 1952. I would like to
express my gratitude to Dr. Sowden for his many valuable suggestions.

(38) W. G. Brown, "Organic Reactions,”” Vol. VI, John Wiley and
Somns, Inc., New York, N. Y., 1851, p. 484.

followed by 10 ml. of anhydrous ether (stored over sodium)
and the flask is stoppered; 1.08 g. of 1,2-isopropylidene-p-
glucuronolactone is dissolved in 150 ml. of boiling anhydrous
ether, the solution is allowed to cool, and is then added
dropwise over a period of 30 minutes to the stirred lithium
aluminum hydride solution. About 50 ml. more of ether
is used to rinse in the last trace of lactone. The flask is
placed in a water-bath at 50-60°, the solution is stirred and
refluxed for 25 minutes, and is then cooled. Absolute
alcohol is cautiously added at this point until the excess
reagent is destroyed and then more rapidly with vigorous
stirring until 25 ml. have been added. A clear, colorless
solution should result. A solution of concentrated hydro-
chloric acid in alcohol is then added (4 parts concentrated
hydrochloric acid to 10 parts absolute ethanol). The acid
is added dropwise with stirring until a sample tested with
phenolphthalein in alcohol shows that the mixture is barely
acid (requires about 4 ml. of concentrated hydrochloric
acid). The mixture should be essentially clear at this point.
The solution is quickly cooled and is then poured into an
iced mixture of 150 ml. of petroleum ether and 100 ml. of
0.01 M hydrochloric acid. The aqueous layer is separated
and the ether layer is extracted once more with 100 ml. of
0.01 M hydrochloric acid. To deionize the solution, Fhe
combined aqueous extracts are passed through alternating
layers of IR-120, H and IR-4B. In the isotope experiments
where it is not desired to recover the resin, the two resins
are mixed intimately before use—this being the most effi-
cient procedure for maintenance of a neutral pH. The
final resin layer is always the IR-120, H and the total
volumes used are about 100 ml. of each resin (somewhat
more in the case of the alternating layers). The neutral,
colorless solution is concentrated at 50-55° ¢n vacuo and
yields 1.05 g. of slightly yellowish crystals, m.p. 153-157°.
Recrystallization from ethyl acetate yields 0.70 g. of white
crystals, melting at 161-162° and [a]%p —12.0° (¢ 5.4,
water). There was no depression of the melting point when
the sample was mixed with an authentic specimen. A
second crop was obtained upon the cautious addition of
petroleum ether to the ethyl acetate mother liquors, 0.20 g.,
m.p. 158-160°, [«]%D —12.2° (¢ 5.1, water).
p-Glucose.—The procedure described above for the
reduction is followed up to, and including, the addition of
alcohol to the reaction flask. The clear solution is then
poured into a separatory funnel containing 200 ml. of water,
2 ml. of concentrated sulfuric acid, and 150 ml. of petroleum
ether. The aqueous extract is removed and the ether layer
washed once more with 50 ml. of 0.1 M sulfuric acid. The
combined aqueous extracts are then heated for 1.5 hours on
the steam-bath, and the colorless solution is cooled and
treated with an excess of barium carbonate with shaking
until the mixture is alkaline. The mixture is centrifuged
and the precipitate is washed three times with water and
finally with boiling water., Complete deionization is ob-
tained by passing the solution through a 20-ml. layer of
IR-120,H then 20 ml. of IR-4B and finally 10 ml. of IR-
120,H. The combined eluate and washings are colorless,
negative toward the naphthoresorcinol uronic acid test, and
contain 0.85 g. of glucose according to a quantitative an-
throne and reducing sugar analysis. The solution is con-
centrated, yielding & colorless sirup which is then treated
with 4 ml. of 959, ethanol and seeded. ¥After standing for
one week, crystallization is complete, yielding 0.72 g. of
anhydrous dextrose, m.p. 146°, {a}?4Dp 52.3°, equilibrium in
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water. No depression of the melting point was observed on
mixing the sample with an authentic specimen.

DEPARTMENTS OF PEDIATRICS AND BIOCHEMISTRY
UNIVERSITY OF CHICAGO
Cuicaco, ILLinoIS

The Molecular Structure of Perfluorobutyne-2.
Critical Marks for the Description of Electron
Diffraction Curves
By W. F. SHEEHAN, JR.,! AND VERNER SCHOMAKER
RECEIVED MARrcH 31, 1952

A complete structure determination, rather
highly precise because it is based mainly on micro-

wave spectroscopic data and only partly on electron
diffraction, has been achieved for trifluoromethyl-
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Fig. 1.—Electron diffraction curves for F,C—C’'=

Cr— C”’Fa Visual: Solid, W.S.; as modified by dashed

additions, V.S. Both drawn with the help of differential
comparisons with the best theoretical curve and photo-
graphs of trifluoromethylacetylene.! Radial distribution:
Based on solid visual curve. Theoretical: Final curves

(1) U. S. Rubber Co. Predoctoral Fellow, 1950-1951.
dress:

Present ad-
Shell Development Company, Emeryville, California.
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including all interactions, for the following models, illustrat-
ing the indicated total range of inodels studied.

Curve F—F Cc—C’ C'=C" q .
A° 2.15 1.46 1.21

B 2.15 1.46 1.21

o 2.15 1.43 1.20

D4 2.15 1.49 1.20

E¢ 2.13 1.47 1.20

o 2.17 1.47 1.20

G* 2.15 1.47 1.20

H® 2.15 1.45 1.23

I 2.15 1.49 1.14

T 2.15 1.43 1.29

K4 2.13 1.37 1.26

Range 2.11-2.17 1.35-1.51 1.14-1.29 (C—F = 1.33)

@ Satisfactory curve. °® Account taken of the effective
slight shortening of C.--C’’’ and C.--F’ expected to result
from C—C=C bendings. ¢ Curve near the limit of accept-
ability, either within or without. ¢ Completely unaccept-
able curve, ¢ For 8 best (reasonably symmetrical and well-
located) features; average deviation, Model B, 0.006 (for
22 best features, 0.019). Measurements by W. S.

acetylene.? The present electron diffraction study
has led to almost identical bond angle and bond
distance values for perfluorobutyne-2: see Table
I. The sample® was generously supplied by Pro-
fessor Henne and the detailed techniques were
those currently used in these laboratories.*

TABLE I
FaC—CEC—H ! FqC—CEC—CFs
Limit of Limit of
Value error Value error
C—F, A. 1.335 0.01 1.340  0.020°
c—C¢, A, 1.464 .02 1.465 .055%*
C=¢, A, 1.201 .002 1.22 .09°
C—H, A, 1.056 005 L.
LF—C—F 107.5° 1.0° 107.5° 1.0°

s Including 1.0% estimated limit of scale error. ?°If
C=C were assumed to be precisely 1.22 A., the limit of error
for C~C would be reduced to 0.040 A. but the other limits
would be essentially unchanged.

About one hundred seventy-five theoretical
intensity curves were calculated in order to cover
the rigid-model shape-parameter problem com-
pletely and the temperature factor problem, with
its considerable and uncertain dependence on
possible instrumental effects as well as the low
frequencies? and large amplitudes of C—C=C
bendings (estimated root-mean-square § £ C—C=C,
9.5°), in some detail. All the models were given
D; symmetry, and when the long F- - - F terms were
finally included for some of the curves, free internal
rotation was assumed. The significant points
regarding the theoretical curves illustrated in Fig.
1 are indicated by marks in the figure itself rather
than by the usual tedious verbal description.

Such critical marks can be generally self-explana-
tory (Table II seems almost unnecessary, except by
way of introduction), and they are convenient,
terse, highly legible (aldmg, not distracting, the
eye), and reasonably precise (more so than ordinary
verbal description, especially since they aren’t
affected by limitations of space); their use should

(2) J. N. Shoolery, R. G. Shulman, W. F. Sheehan, Jr., Verner
Schomaker and Don M. Yost, J, Chem. Phys., 19, 1364 (1931),

(38) A.L, Henne and W. G. Finnegan, THIs JoUur~aL, T1, 298 (1949).
(4) See K. Hedberg and A. J. Stosick, tbid., T4, 954 (1952).
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significantly simplify and shorten electron diffrac-
tion articles, while improving readability. These
marks are also very helpful, we have found, in the
course of the work itself.

TasLE 11
EXPLANATION OF CRITICAL MARKS OF FIG. 1
Curve Mark Meaning
A Dot Creation operator: inner slope should
be more convex upwards
B Arrows Positions (gonsa) of rings as measured

on photographs, adjusted by multi-
plication by gealed/gobsd.  Best curve

Circle is destruction operator: 5 max,
too far up to the right

C Dot circle

C Line Indicates desired levels: 9 min. too
deep; 10 min. too shallow
C Arrow Duplicated from best curve: 9 max.

significantly misplaced relative to
adjacent features
Indicates desired width:
narrow
Indicates desired levels: 8 min, too
shallow re 5 min. and 9 min,

C Terminated feature too
line
D Curved line
E Line (short) Feature, bottom of 8 min., too sym-
metrical; should tip, and lie closer to
8 max. than to 7 max.

E Cross Completely unacceptable feature; c¢f.
standards (best curve and visual)
F Lines 7 max. too high re 6 max.; 11 max. too

high re 12 max.; 13 max. should lie
between minima of almost equal
depth

6 max, too high re 4 max. and 7 max.;
depth of 8 min. about right r¢ 5 min.
and 9 min. ,

K Curved lines

K Line Region should slope upwards more

gently

A more complete presentation of the structure
determination is available®

(8) W. F. Sheehan, Jr., Thesis, California Institute of Technology
(1952).
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X-Ray Diffraction Patterns of Cuprous Acetate and
Cupric Oxyacetate

By H. SuiM1zu AND S. WELLER
RECEIVED MARCH 27, 1952

In the course of some experiments on catalytic
hydrogenation, it became desirable to prepare and
to obtain the X-ray diffraction patterns of cuprous
acetate, CuOOCCH;, and anhydrous cupric oxy-
acetate, Cu;O(OOCCHj;),. Cuprous acetate was
prepared by Calvin’s procedure!; the method
involves solution of cuprous oxide in acetic acid-
acetic anhydride, filtration of the hot solution, cool-
ing, and filtration of the separated cuprous acetate,
all in the absence of air or moisture. The cuprous
acetate was pure white; it contained 50.99, Cu
(theor. for CuOOCCH;, 51.8%, Cu).

(1) M. Calvin, Tu1s JoURNAL, 61, 2230 (19839).
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THE d/n VALUES AND INTENSITIES OBTAINED FROM DEBYE~
SCHERRER X-RAY PHOTOGRAPHS OF THIS MATERIAL

d/n I d/n 1 d/n I
11.0 VW 2.48 s 1.67 w
10.0 vvs 2.42 s 1.63 VW,

5.4 VVWw 2.31 s 1.57 w

5.0 vw 2.25 vw 1.55 w

4.05 w 2.15 w 1.50 vw

3.69 vw 2.00 w 1.465 vw

3.50 VW 1.95 w 1.405 vw

3.15 vvs 1.89 vw 1.32 vvw

3.01 vs 1.81 w

2.62 s 1.72 w

The unit cell parameters obtained by Hull® for a
compound listed as "‘cuprous acetate monohydrate”
apply to cupric acetate monohydrate; calculated
interplanar spacings, dsa, from Hull’s data agreed
within experimental error with the d/n values ob-
tained from the diffraction pattern of the cupric
salt.

Attempts to prepare cupric oxyacetate by oxida-
tion of a quinoline solution of cuprous acetate
failed because of a catalyzed oxidation of the quino-
line. It was found possible, however, to prepare
the anhydrous oxyacetate by oxidation of dry
cuprous acetate; at 100°, the oxygen absorption is
stoichiometric. On prolonged heating at higher
temperatures (150-200°), the oxyacetate decom-
poses, with the production of metallic copper.
Cupric oxyacetate is dark bluish-green in color.
Microscopic examination of the samples prepared
showed the crystals to be acicular or prismatic and
possibly of equidimensional cross-section. The
crystals were too small for interference observations,
but the presence of birefringence indicates that
the material is not cubic. Bjorstrum charts for
tetragonal and hexagonal crystals were prepared
for comparison with the observed X-ray diffraction
lines obtained from the oxyacetate. As the follow-
ing table indicates, a possible fit was found in the

tetragonal system with ¢/a = 1.35, ¢ = 16.26 A,
a=12.044A.

1, obsd. d/n, obsd. d, caled. hkl
vvs 12.00 12.04 100
s 8.0 8.13 002
s 7.4 7.55 111
ms 6.0 6.02 200
vvw 5.4 5.42 003
vVvw 5.0 5.10 211
s 3.75 3.78 222
VVVWw 3.35 3.37 204
vVvw 3.00 3.01 400
VVW 2.71 2.71 006
m 2.46 2.47 206
w 2.14 2.14 335
w 2.09 2.10 424
vVvw 1.89 1.89 444
VVW 1.85 1.85 622
vVw 1.80 1.80 604
VVVW 1.505 1.505 800
VVVW 1.280

RESEARCH AND DEVELOPMENT LABORATORIES
Houpry PROCESS CORPORATION
LINwWOOD, PENNA.

(2) R. B. Hull, University of Pittsburgh Bulletin, 38, 142 (1938).



