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after cryst. from glacial acetic acid and methanol; mixed
m. p. with tribromoquinaldine, prepared from quinaldine,
127.56-128.5°, showing their identity; yield, 2.9 g. crude
product, m. p. 120~124°, or 889 of that caled. (on the
basis of the bromine used) from the equation -

CyHNCH,COC¢H; + 3Br, = C:H;COBr +
C¢HeNCBrs + 2HBr

In a repetition, six equivalents of bromine were used,
but the rate of addition was too rapid and some tar formed,
which was removed readily with a stirring rod. The acetic
acid solution was filtered and the precipitate washed with
water to remove sodium bromide, leaving tribromoquinal-
dine. .

To the filtrate 1.5 equivalents of aniline was added, and
the solution shaken for about an hour at room tempera-
ture. The white precipitate, filtered and crystallized from
methanol, was identified by m. p. and mixed m. p. as benz-
anilide (162.0-162.8°), yield 75%, which cotld only have
been formed from benzoyl bromide. A little tribromo-
quinaldine was obtained by diluting the filtrate with water:
total yield, 51%. . A .

Phenacylquinoline dissolves readily in hot coned. hy-
drochloric acid, the hydrochloride separating in long al-
most colorless needles on’'cooling. This may be obtained,
without solvent of crystallization, by passing hydrochloric
acid gas through an ethereal solution of the ketone. The
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hydrochloride cannot be crystallized from water because it
is hydrolyzed so readily. Phenacylquinoline is readily
soluble in cold concd. sulfuric acid, and may be recovered
unchanged by diluting the solution and neutralizing with
ammonia. Picrate, precipitated in and crystallized from
alcohol, yellow, m. p. 171.5-172.5° (uncorr.).

Summary

1. In agreement with the view that it is a
cyclic ketone ether of the ammomnia system,
2-methylquinoline (quinaldine) has been found
to undergo a Claisen type condensation with many
esters of aromatic acids in the presence of 2-3
equivalents of potassium amide. The following
compounds have been prepared: 2-phenacylquino-
line (benzoylquinaldine, «-quinolylacetophe-
none), p-bromophenacylquinoline, o-chlorophen-
acylquinoline, 2-furoylquinaldine, 2-p-methoxy-
phenacylquinoline, 2-p-methylphenacylquinoline,
2-phenacyl-4,5-benzoquinoline, 2-p-methoxyphen-
acyl-4,5-benzoquinoline, 2,3-diphenacylquinoxa-
line (?), 2-methyl-3-phenacylquinoxaline.

StanrorD, Untv,, CALIP. RECEIVED Mav 17, 1937
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Stereochemistry of Deuterium Compounds of the Type RR’CXHX;,; 'Ethyl-dc-_
ethylcarbinol

BY'_FRANK C. McGREW! AND ROGER ADAMS

‘Research intended to investigate the asym-
metry of a carbon atom of the type RR’CHD has
been carried out by attempting to ‘resolve cin-
namic ac¢id dideuteride,? suiceinic-&,¢’-ds acid,®
and by the preparation from optically active
compounds of camphane-d,* camphane-2,3-d,®
and benzalacetone dideuteride.® Tn none of these
experiments was the slightest indication of optical
activity obtained.

The study of ‘compounds of the type RR’-
CXyXp, where Xy and Xy, indicate groups identi-
cal but for one or more hydrogen atoms of one
replaced by deuterium atoms in the other, repre-
sents an extension of the original problem which
would answer equally well the question of the
asymmetry conferred by hydrogen and deuter-

(1) This is a portion of a thesis submitted in fulfilment of partial
requirements for the degree of Doctor of Philosophy in Chemistry,
Chemical Foundation Fellow in Organic Chemistry.

(2) Erlenmeyer and Gértuer, Helo. Chim. Acta, 19, 145,331 (1936).

(3) Lefller and Adams, THIS JOURNAL, 88, 1551 (1936).

(4) Biilmann, Jensen and Bak, Ber., 69, 1947 (1936),

(5) Leffler and Adams, Tmis Journar, 68, 1555 (1936).

(6) Coppock and Partridge, Naoture, 187,907 (1936).

ium symmetrically placed. It is possible, though
incapable of theoretical demonstration, that such
compounds itt general would be much more likely
to exhibit a measurable optical rotation than the
type RR’CHD.

In the first example of the type RR'CXyXp,
Clemo and McQuillen’ found phenyl-ds-phenyl-
aminomethane after resolution to have a specific
rotation [a] —5.7° calculated from an observed
rotation well beyond experimental error. An
analogous compound, phenyl-ds-phenylacetic acid,
however, was found to be optically inactive when
prepared from [/-a-bromophenylacetic acid. Un-
successful attempts to resolve the product with
alkaloidal salts indicated that the inactivity was
inherent and not due to racemization during for-
mation.® Likewise, the activity found for cu-
mene-d® was so slight that it is not beyond con
troversy. ‘ :

(7) Clemo and McQuillen, J, Chem. Soc., 808 (1936).'
(8) Erlenmeyer and Schenkel, Helo, Chim, Acta, 18, 1169 (1936),
(8) Burwell, Hummel-and Wallis, J, Org. Chem., 1, 332 (1936).
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TaBLE I

PROPERTIES OF SUBSTITUTED ETHYLCARBINOLS

~—Boiling range——

CsH;CHOH—R Density®; —~——n0p. ~—=MRp—— 1, Press.,
R= Found Calced.% Lit. Found Lit. Found Caled.® a¥p dm. [«]¥D Temp., °C. mm.
1 CH=C—d,} 0.8869 1.4274 24,37 24.53 121.6-122.0 755
2 CH=C—! . 8859 1.4276 24.39 24.53 —-15.25 2 -—8.38 121.4-122.0 750
3 CsHs—(red. of 1 :
with Hs) .8217 0.8204° 1.4084 1.4103> 26.43 26.64 112.6-113.0 750
4 CsHs;—(red. of 2
with Hi) .8211 . 8204% 1.4086 1.4103% 28.49 26.64 0.00 2 0.00 112,0-112.6 740
3 CHD;—CDs— .
(red. of 1 with '
D) . .8538 0.8379 1.4086 26.63 112.4-112.8 752
6 CHD;—CDy—
(red. of 2 with
Ds) 8533 .8579 1.4081 26.62 00 2 .00 111.8-112.4 740

4 Calculated aocordiﬁg to McLean and Adams, Tuis JOURNAL, 58, 804 (1936). * Timmermans and Henneaut-Roland,
|J. chim. phys., 29, 529 (1932)}. ° Caleulated from Briihl’s values;

The differences between the specific rotations of
mandelic-O-d acid-d, phenyllactic-O-d acid-d,'* and
2-octanol-O-¢! and their hydrogen analogs might
suggest intuitively that optical activity in the
RR'CXyXp type is to be expected. While such
comparisons of the specific rotations of compounds
of the types RR’'R’CXy and RR'R’CX}, are of
some interest, there is no theoretical way, however
remote, of relating the difference of rotatory power
of these types to the question of the magnitude of
the rotation of RR'CXyXp. Moreover, it is prob-
able that the factors responsible for the difference
between RR’R'CXy and RR'R’CXp, are quite
distinct from whatever qualities are necessary in
Xy and Xp to enable them to confer asymmetry
when substituted on the same carbon atom.

In the hope of obtaining the largest possible
rotatory power from a compound in which Xy
and X, differed as greatly as possible, that is, in
which X contained as many as possible D atoms
relative to the weight of the group, the rotation
of ethyl-d-ethylcarbinol was investigated. With
ethylethynylcarbinol
CHy—CH;—CHOH—C=CH —>

CH;—CH,—CHOH—CD,—CHD:
as a starting material, a partial resolution was ef-
fected by the phthalate method by repeated frac-
tional crystallization of the brucine salt. A
portion of the highly active ethylethynylcarbinol,
a*p —15.25° thus obtained was reduced with hy-
drogen. The resulting diethylcarbinol had as pure
liquid an observed rotatjon of ap 0.00 = 0.01° in
a 2-dm. tube. Another portion of the carbinol
was reduced under identical conditions with deu-
terium; the ethyl-d,-ethylcarbinol had in a 2-dm.
tube an observed rotation ap 0.00 = 0.01°.

(10) Erlenmeyer and Schienkel, Hely, Chim, Acta, 19, 1199 (1986).
(11) Young and Porter, Tris Journar, §9, 328 (1937).

The complete loss of optical activity upon re-
duction indicated that none of the activity of the
levo carbinol was due to the presence of traces of
methyl- or propylethynylcarbinol, either of which
would have retained a detectable rotation. The
inactivity was equally good evidence that the
reductions as carried out were complete. In con-
firmation of this fact, the pure reduction products
showed no trace of unsaturation in a test with
permanganate so designed that the presence of
0.19, of unreduced carbinol was detected readily.

The purity of the active carbinol (compound
2) and its reduction products (compounds 4 and 6)
was established by c¢omparison of their physical
properties with those of inactive ethylethynyl-
carbinol and its reduction products (compounds
1, 3 and 5) which were prepared on a larger scale
(see Table I).

The authenticity of the diethylcarbinol pre-
pared by the reduction of d,l-ethylethynylcar-
binol with hydrogen was established by its physical
properties and a derivative. The absence of any
indication of impurity was evidence that the
process of reduction did not initiate any rearrange-
ment of the acetylenic compound. Thus, there
is no reason to suspect rearrangement as an ex-
planation for the loss of activity of l-ethylethynyl-
carbinol upon reduction, a fact further emphasized
by the consistency of the physical properties of
the reduction products.

Racemization of the unsaturated alcohol with-
out rearrangement under the conditions of the
reduction is extremely unlikely. For example,
an analogous vinyl carbinol, active «-phenyl-«-
methylallyl alcohol, has been reduced to methyl-
B-phenylethylcarbinol without racemization.!?

Incidentally, very little or no replacement of the

(12) Kenyon, Partridge and Phillips, J, Chem, Soc., 85 (1936).
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hydroxyl hydrogen by deuterium took place dur-
ing reduction, for the infrared absorption spec-
trum of ethyl-ds-ethylcarbinol had no perceptible
maximum corresponding to the deuteroxyl group.!3

From these results upon a compound whose
group Xp has almost the highest deuterium con-
centration realizable, it must be concluded that
the optical rotation of a compound of the type
RR'CXyXp is unlikely to be of measurable
magnitude in a simple aliphatic case. The rota-
tion observed by Clemo, if capable of substantia-
tion, might then be explained by an unpredictable
effect of the aromatic group.

In the absence of spectral and rotatory disper-
sion data through which use might be made of
Kuhn's fundamental approach,!* the only pos-
sible method of predicting theoretically the magni-
tude of the rotatory power is through the use of
Boys' formula, which, since it is based on funda-
mental assumptions now considered hazardous,
is highly questionable.18

To apply Boys' method to the optical rotation
of a compound with hydrogen and deuterium sym-
metrically placed, it is necessary to calculate the
atomic volume of deuterium relative to that of
protium. Density data suitable for this calcula-
tion and sufficiently accurate to make it signifi-
cant have been recorded for benzene-ds.!® The
atomic volume thus obtained should be applicable
to all benzene-d, groups, although not necessarily
to any others, since the densities of other deuter-
ium compounds indicate that the atomic volume
of deuterium may vary from slightly greater to
slightly less than that of protium. The Boys
caleulation made in this- way for phenyl-ds-
phenylacetic acid and for phenyl-ds-phenylamino-
methane predicts for both a specific rotation of
the order of [«] 0.01°. ’

Experimental

Ethylethynylcarbinol.—One-half grain of hydrated ferric
nitrate and 1 g. of sodium were dissolved in 1.5 liters
of liquid ammonia and stirred until the blue color had
turned to gray, indicating production of the iron catalyst.!?
Then 45 g. of sodium was added in a period of five minutes
and the mixture stirred fifteen minutes more, or until the
solution became gray. The flask was cooled to — 50° with

(13) This spectrum was kindly plotted by Dr., V, Deitz in the
cotirse of am imvestigation being carried out with Professors W. H.
Rodebush and A. M. Buswell,

(14) Kuhn, Z. phkysik. Chem., B81, 23 (1935), ¢! ante.

_ (15) Boys, Proc. Roy. Soc. (London), Al44, 655 (1934).

(16) 1lngold, Raisin, Wilson, Bailey and Topley, J. Chem. Soc.,
915 (1936). .

(17) Vaughn, Vogt and Nieuwland, THis Jour~nAL, 86, 2120
(1934),
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dry ice and a stream of dry acetone-[ree acetylene passed
in for four hours, or until the solution became black.
Then, with continued cooling to —50 to —60°, 116 g. of
propionaldehyde was dropped in over a period of one hour.
The solution was stirred for fifteen hours more, then the
ammonia was allowed to evaporate, The mass remaining
in a flask was treated with 107 g. of ammonium chloride
dissolved in 1 liter of water and the niixture steam distilled.
The product was salted out of the distillate with potassium
carbonate, dried and distilled: b. p.121-124°at 750 mm.;
vield, 83.5 g. of colorless liquid (509, of theoretical) which
became yellow on standing. Lespieau!® reports b. p. 125°
at 761 mm.

The 3,5-dinitrobenzoate was prepared by mixing the acid
chloride with a pyridine solution of the carbinol and warm-
ing the mixture on a steam-bath for five minutes after let-
ting it stand at room temperature overnight. The product
was precipitated with water and dissolved in ether. The
ether solution was washed successively with 19, hydro-
chloric acid, 19, sodium carbonate, and water, and evapo-
rated to dryness. By recrystallizing the residue twice from
959% ethyl alcohol, glistening white needles were obtained,
m. p.91°

Anal. Caled. for CipHigOeN:: N,
(Dumas): N, 10.30.

Ethylethynylcarbinol Hydrogen Phthalate.—Forty-two
grams of ethylethynylcarbinol, 74 g. of phthalic anhydride,
and 50 cc. of dry pyridine were heated in:the absence of
moisture for two hours on a steam-bath. The mixture was
washed into a separatory funnel with ether, the pyridine
extracted with 1 N hydrochloric acid, then the acidic sub-
stances extracted with 1 N aqueous ammonia. After
washing the ammoniacal solution with ether, it was acidi-
fied and the oily acid ester extracted with chloroform.
If any phthalic acid was suspended in the chloroform, it
was removed by filtration. The chloroform was removed
by evaporation, leaving a very viscous oil. When the oil
was dried in a vacuum desiccator, it became vitreous and
crystallized over a period of several days in massive prisms.
The crystals were powdered in order to dry them com-
pletely. No solvent or temperature range tried was found
effective for recrystallization, a heavy oil always being pre-
cipitated. The yield was 90.6 g. (78%), m. p. 72°.

Titration.—Subs. 0.1030 g. required 8.70 cc. of 0.0515
N sodium hydroxide. Caled. for Ci3Hi2O4:  neut. equiv.,
232.1. Found: neut. equiv., 230.0.

Resolution of Acid Ester.—The brucine salt was formed
by dissolving 116 g. of ethylethynylcarbinol hydrogen
phthalate and 197 g. of brucine together in hot dry ace-
tone. By combining the product with four similar lots,
a total of 1027 g. of salt was obtained for fractional crystal-
lization. This process was complicated by a decomposi-
tion of the salt which caused the deposition of difficultly
soluble dibrucine phthalate. The separation was cartied
out by the usual scheme through the fourth series of re-
crystallizations. At this stage, the least soluble portion,
whose weight of 256 g. included some contaminating di-
brucine phthalate, was decomposed by distributing be-
tween ether and 1 N hydrochloric acid. The ether solu-
tion was extracted with 1 N aqueous ammonia and the acid

10.07. Found:

(18) Lespieau, Compi. rend., 168, 879 (1911).
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ester isolated from the athitoniacal solution as in the prepa-
rationt above. This acid estér was refluxed in 2 ¥ aqteous
sodium hydroxide for an hour, then the solution steam dis-
tilled. The lethylethynylcarbinol was salted out of the
distillate with potassium carbonate, dried atd distilled.

Reductions.—A modification of the apparatus described
before!® was used in which the reduction vessel had a ca-
pacity of 135 cc.

A solution of 3.8 cc. of Jethylethynylearbinol in 10 cc.
of pure dry ethyl acetate was shakert with 0.08 g. of plati-
tiur oxide eatalyst and hydrogen for twenty heurs, dutitig
which time 1660 cc. (8. T. P.) of hydrogen was absorbed.
Since the solution still showed a slight optical activity,
indicating incomplete reduction, it was shaken for sixty
hetirs more with kydrogeni. The rotation of the solution
had theft dropped to Zero and the product wad removed
from the solvent By fractlental distillation through a4 30-
efh, column packed with a hellx of nichrome wire having
absut three tufris per emt.  The same colitmn was used in
putifying all the other sampley of carbinols.

The reduction of 4.7 e¢. of the active carbinol in 13 cc.
of ethyl acutate with 0.1 g. of catalyst and practically
1009, deuterium was carried out in exactly the sate way
and used 1900 cc, (S. T. P.) of gas. The solution was

slightly active after the first twenty hotirs and was shaken:

sixty hours more. The solution had then no detectable
rotation. The product was isolated from the solvent by
distillation as above,

(19) MeLean and Adams, Tms Jouknar, ¥ 804 (1996).
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Otte-tenth nole of d,)-¢thylethyrylearbinel in ethyl ace-
tate solution was reduced with hytrogeh by tHe same pro-
cedure using 0.2 g. of catalyst. The prodnct was isolated
in the same way and its.3,5-dinitrobenzoate prepared by
the procedure described for that of ethylethynylcarbinol.
Glistening white tteetlles were obtained, m. p. 99.0-99.5°.20

Anal. Caled. for CHON;: N, 693. Found (Du-
thas): N, 10.08.

A pute sample of ethyl-d,-éthylcatbinol was prepared by
reduction of 0.1 mole of dletHylethynylcarbisgtol with
practically 100% deuterium and isolation in the same way.
The 3,5-dinitrobenzoate prepared as above melted at
98.5-99.0°. A mixture of this derivative and that of di-
ethylearbitrol showed tio melting poitit depression.

Anal. Caled. for CypH1DiON,: N, 9.79. Found
(D‘imu): N; 946

Summary
Ethylethytiylcarbinol was partly redolved to
give a levo form with high opticdl activity.
Reduction of this carbinol with hydrogen and
with deuterfum gave products polarimetrically
indistinguishable in that tieither had a detectable
rotation in the pure state.

(20) M. p. 97° givess By Botse, Jendt and Major, ioid., 68, 3336
(1931),

URrBaNa, ILLINOIS RECEIVED JUNE 14, 1987

{CoNTRIBUTION NoO. 34 FROM THE DEPARTMENT OF CHEMISTRY OF THE POLYTECHNIC INSTITUTE OF BROOKLYN ]

The Catalytic Reduction of Some Azo Compounds and its Application to the Identifi-
cation of Azo Dyestuffs

BY WILLRT . WHITMORE AND ANTHONY RBVUKAS

Introduction

The earliest catalytic reduction of an azo com-
pound is that reported thirty-one years ago by
Sabatier and Senderens.! They hydrogenated
azobenzene in the vapor phase at 2980° with a
hickel catalyst and obtained chiefly aniline and
small amounts of cyelohexylamine, dieyclohexyl-
amline, and ammonia. Skita? got hydtazobenzette
in five minutes and aniline in four and one-half
hours with colloidal palladium under two atmos-
pheres pressure. Brown and Henlte® are patentees
of a method for the reduction of azo and azoxy
compounds with a nickel catalyst and hydtogen
at 16.7 and at 33.3 atmospheres pressure and 100°,
in which they claim good yields of the correspond-
ing hydrazo compounds. More recently Winens

(1) Sabatier and Seaderens, Bul. soc. chim., 38, 259 (1908).
(2) Skita, Ber., 45, 3312 (1912).
(3) Brown and Henke, U, S. Patent 1,689,988, June 22, 1026,

and Adkins® have hydrogenated p-dimethylamino-
azobenzene-p-sodium sulfonate at 100° aad 100
atmospheres pressure, 10 p«sodium sulfanilate and
p-dimethylaminoaniline within one hour over a
nickel catalyst adsorbed on infusorial earth.
With azobenzene, 4ft amotiitm carbonate type
nickel catalyst oh a kdeselgultr suppert at S00°
and 100-150 atmospheres pressure, they obtalried
229, cyclohexylamine, 217 aniline, and 48% di-
cyclohexylapunie in eight and one-half hours.
At 90° a 95%, yield of aniline was obtained within
thirty mittutes.® Andrews and Lewy® have in-
vestigated the catalytic reduction of aszobenzene
and p-athinoazobenzerne in contact with platinum
and with Raney nickel at 3 atmospheres pressure.
They were interested primarily in the conditions

(4) Winans and Adkins, THIS JoURNAL, 84, 311 (1932).
(8) 108d., 88, 205G (1988).
(6 Ibid., 86, 1411 (1934).



