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A study of the conditions necessary for the rearrangement of a-halocyclohexyl phenyl ketone (1) to 1-phenylcyclohexane-

carboxylic acid (I1) is reported.

Rcaction of the a-haloketone (1) with a strong base such as hydroxide ion i1 2 homogeneous
medium is rapid with the formation of a-hydroxycyclohexyl phenyl ketoue (IV) and no acid (I1) by rearrangement.

In an

inert solvent the heterogeneous reaction of the a~-haloketone (I) with sodinm hydroxide is slow and produced the a-hydroxy-

ketone (1V) with some rearranged acid (II).

The yield of the acid depends upon the solvent aud temperature of the reaction.
Conditions are reported for the formation of the acid (II) in useful yield (53%,).
water—dioxane mixture that coutaiited #o strong base slowly liberated halide ion to give the rearranged acid (I11).

A solution of the a-haloketone (I) in a
The a-

haloketone (I) with silver nitrate in an ethanol-water solution also gave rearrangement.

In 1939 Tchoubar and Sackur? reported that a-
chlorocyclohexyl phenyl ketone (I, X is Cl) gave a
30 to 409, yield of 1-phenyleyclohexanccarboxyvlic
acid (II) when allowed to react for 12 hours 111
cther with powdered sodium hydroxide. The re-
mainder of the reaction mixture was reported to be
1-cyclohexenyl phenyl ketone (III). The forma-
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tion of the acid, which could not proceed by a
cyclopropanone type intermediate’ or an inter-
mediate formed by enolization of the ketone was
considered to proceed by a semipinacolic type
rearrangement.

Since the haloketone (I) was found to react
rapidly with alcoholic sodium methoxide with the
exclusive formation of the epoxyethert and no
rearranged acid derivative, an investigation of the
rearrangenient of the haloketone was undertaken
to determine the conditions necessary for rearrange-
ment. The results indicate that sodium hydroxide
will react rapidly with the haloketone (I) in a
homogeneous reaction medium to give the a-
hiydroxyketone (IV) and no rearrangement prod-
ucts. The haloketone will react slowly with so-
dium hydroxide in a heterogeneous reaction nix-
ture to give the hydroxyketone (IV} and some -
phenyleyclohexanecarboxylic acid (II), the yield of
which depends upon the solvent and the tempera-
ture. Further, in a refluxing water-<hoxane solu-

(1) Presented at the Organic Division of 1he 118th Meeting of the
American Cliemical Society, Sept., 1450. Supported in par| Iy the
Ethyl Corporation, Detroit, Michigan.

(2) B. Tchoubar and O. Sackur, Compt, comi., 208, 1020 (1050,

(3) R. B. Loftfield, Tnuis Jourxai, T3, 4707 (19515,
(4) C. L. Steveus antl ¥, Farkas, /bid., T4, 618 (1852

tion containing #no strong base the o-haloketone
slowly liberated halide ion to yield the rearranged
acid (IT) and 1-cyclohexenyl phenyl ketone (III).
In an cthanol-water solution silver nitrate also
caused rearrangement with the formation of an
acid derivative. From this latter reaction 1-
cyclohexenyl phenyl ketone (1II) also could be
1solated.

a-Chlorocyclohexyl phenyl ketone (I, X s Cl),
in which the position of the chlorine atom was
shown by rapid formation of the epoxvether,® was
treated with sodium hydroxide in ether, the direc-
tions of Tchoubar? being followed as closely as
possible. The yield of 1-phenylcyclohexanecarb-
oxylic acid (IT) in each of seven experiments was
6-9Y¢ in coutrast to the 30-40%, recorded by Tchou-
bar. The neutral fraction, which gave a semi-
carbazone melting at 212° in agreement with
Tchoubar, later crystallized, and proved to be an
83%, yield of e-hydroxycyclohexyl phenyl ketone
{(IV). The structure of IV previously had been
proven in this Laboratory* by independent synthe-
sis and the melting points of mixtures of the known
ketone with IV as well as the respective semicarba-
zones were 1ot depressed. Since Tchoubar? re-
ported the neutral fraction as 1-cyclohexenyl phenyl
ketone (III) this ketone was prepared independ-
ently.s III gave a semicarbazone melting at 212°
but depressed the melting point of the semicarba-
zone derivative of the neutral fraction of the reac-
tion described above.

When the a-chloroketone was allowed to react
with finely divided sodium hydroxide in refluxing
toluene, a 519, yield of rearranged acid (II) could
be isolated along with 399% of hydroxyketone.
Under the same conditions the bromoketone gave
349, of acid and 3495 of ketone.

Using refluxing xyleue in the above experiments
gave 539, I1 and 259, IV from the a-chloroketone.
From the a-bromoketonce a 399, yield of II and
369, of IV was obtained.

The a-hydroxycyclohexyl phenyl ketone (LV)
was shown not to be the precursor of the rearranged
acid (II) since under the conditions of the reaction,
IV gave no rearrangement.

In a homogeneous dioxane-water reaction mix-
ture the haloketone (I) reacted rapidly with sodium
hvdroxide to vield 829 of a-hydroxyketone (IV)
and #o acid of rearranged carbon skeleton. A
sttall amowit of beuzoic actd was isolated but this
Fusen, b B8, 805 (03T
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acid was shown to arise from the cleavage of the
hydroxyketone (IV) by the base.

The haloketone (I) when dissolved in a water—
dioxane mixture and heated to reflux slowly liber-
ated halide ion and after 119 of the halide ion had
formed 2.29, of 1-phenylcyclohexanecarboxylic
acid could be obtained. From the neutral fraction
76% of starting haloketone was recovered. When
the original solution was heated until 75%, of halide
ion had been liberated, a 7.8%, vield of 1-phenylcy-
cloliexanecarboxylic acid was obtained. From the
neutral fraction in this experiment l-cyclohexenyl
phenyl ketone could be identified and titration of
an aliquot with bromine indicated 60% of unsatu-
rated compound had formed. An experiment in
which the reaction was subject to the isolation pro-
cedure immediately showed that the sodium bicar-
bonate extraction reagent did not cause the forma-
tion of the rearranged acid or the unsaturated ke-
tone.

After the a-haloketone was allowed to react with
silver nitrate in a refluxing ethanol-water mixture,
an 189 yield of acid (II) could be isolated from
saponification of the non-ketonic neutral product.
From the ketonic fraction 1-cyclohexenyl phenyl
ketone could be isolated and titration of an aliquot
of this fraction with bromine indicated 689, of un-
saturated compound.

The rapid formation of the hydroxyketone in the
homogeneous reaction of sodium hydroxide with
haloketone (I) undoubtedly proceeded by attack
of the hydroxide ion on the carbonyl group with the
elimination of halide ion to form the internal hemi-
ketal (VI) which immediately forms the stable hy-
droxyketone (IV). An infrared spectrum of IV in
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carbon disulfide (Fig. 1) indicates a carbonyl group
as well as a hydroxyl group.

This formation of the hydroxyketone (IV) isanalo-
gous to the exclusive rapid formation of the stable
epoxyether (VII) when the haloketone (I) is treated
with sodium methoxide in homogeneous solution.
These results are in accord with the evidence pre-
sented by Lane® which indicated that in the exam-
ple studied of a pinacolic type displacement of a
halogen, the order of participation of neighboring
groups was CB-O~ >> Cp-CeH; > CpB-OH.
Structure V is unique in that all of these groups are
on one carbon atom,

The formation of the acid in hydroxylic media

(6) J. F. Lane and D. R. Walters, THIS JOURNAL, 78, 4238 (1951).

FORMATION OF 1-PHENYLCYCLOHEXANECARBOXYLIC ACID 5353

Wave numbers in cm. 1,
5000 3000 2000 1500 1300 1100 1000 900 800 700

T
f RN \) L/
IR UEARNPATA

0 i | | T

3 3 7 9 11 13 15
Wave length in microns.

@0
o
=t

Transmission,
%-
1

Fig. 1.—Infrared absorption spectrum of «-hydroxycyclo-
hexyl pheuyl! ketone (IV) in carbon disulfide (compensated).

alone or in the presence of AgNQO; can be satisfac-
torily explained by a mechanism similar to the one
of Cope and Graham’ which involves initial hemi-
acetal formation or hydration of the carbonyl group
followed by a pinacol type rearrangement.

Present theory is not sufficient to explain the
high yield (53%,) of acid (II) from rearrangement in
the reaction of solid sodium hydroxide with a-halo-
ketone. The work of Curtin® and associates has
indicated that in a pinacol type rearrangement the
migrating and departing groups and the two contig-
uous carbon atoms must be planar with the groups
trans. The formation of hydroxyketone in a water—
dioxane solution of sodium hydroxide and the rear-
rangement to acid with solid sodium hydroxide in
toluene or xylene can be interpreted on the basis of
differences in the transition states of the two reac-
tions. According to this interpretation the fol-
lowing resonance forms are presumably important
contributors to the transition states, one of which
(VIII) leads to oxide formation and the other (IX)
to rearranged acid. When reaction occurs in a
good solvating solvent then VIII, which has an opti-
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mum charge distribution, is the preferred transition
state. If reaction occurs on a sodium hydroxide
surface then the transition state is solvated almost
entirely by a single sodium ion which should be as
close as possible to the negative charge of the transi-
tion state. Under these conditions transition state
IX becomes important and the product contains
rearranged acid.

Other examples of rearrangements of a-haloke-
tones to acids which cannot proceed through a cy-
clopropanone intermediate, .e., the 17b-bromo-pn-
homoandrostane-3(3)-ol-17-one acetate? (X)

() A. C. Cope and E. S. Graham, ibid., 78, 4702 (1951).

(B) Curtin, et al.. $bid., 72, 961 (1950); 78, 992, 3453 (1951).
(9) D. A. Prins and C. W. Shoppee, J. Chem, Soc., 494 (19486).
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which gave 3% of XI or the 2-chloro-1-tetralone
(XI1) which is reported! to give XIII, may pro-
ceed 11 o mamter snunlar to the rouversion of 1T to 11
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although in these examples a-elimination of hydro-
gen halide followed by rearrangement is possible.

Experimental

Reaction of the «-Chlorocyclohexyl Pheny! Ketone with
Sodium Hydroxide in Ether.—A mixture of 3.6 g. (90 milli-
moles) of sodium hydroxide pellets and 200 ml. of ether was
stirred in a Mortou!! type Hi-Speed!? stirring apparatus for
15 minutes, after which time the sodium hydroxide was
finely divided. The inixture was then transferred to a 500~
ml. flask equipped with a Hershberg!? type stirrer and 10 g.
(45 millimoles) of chloroketone (1) added. After stirring
for 48 hours, water was added and the ether layer separated.
Evaporation of the ether layer gave a neutral oil. After
standing several days the oil crystallized and proved to be
7.6 g. (83%) of a-hydroxycyclohexy! phenyl ketone (IV),
m.p. 47-49°. This ketone was shown to be identical by
mixture melting point determination witl the ketone* pre-
viously prepared. A semicarbazone of this ketone, m.p.
211-212°, proved to be identical with the semicarbazone
of authentic IV.

The aqueous layer was acidified and the precipitated acid
filtered and dried, m.p. 110-118°. The impurity could be
extracted from this precipitated acid with boiling water and
proved to be bhenzoic acid, m.p. 120-121°. The benzoic
acid was proved by mixture melting point determination and
amounted to about 20 mg. The hot water insoluble acid
was recrystallized from low-boiling petrolenm ether and
proved to be 0.72 g. (8%, of 1-phenylcyclohexanecurboxylic
acid, 5 m.p. 123-124°,

Anal. Caled. for C:H Oy C, 76.44; H, 8.08.
C, 75.32; H, 8.06.

An authentic sample of 1-phenyleyclohexanecarboxylic
acid kindly supplied by Dr. F. H. Case® liad 1in.p. 123-124°,
A n(l)eltiug point of a mixture was not depressed, m.pn. 123~
124°,

An anide® prepared fromn a saniple of both acids had m.p.
05-97°, and the melting poiunt of a1 mixture was not de-
pressed.,

Six other experiments using from 3 to 20 g. of starting
chloroketone and varions sizes of sodium hydroxide pellets
gave simnilar resnlts.

a-Bromocyclohexyl phenyl ketone gave similar products.
T'rom 27 g. (0.1 mole) of bronioketone and 10 g. (0.25 mole;
of sodium hydroxide, 1.2 g. (5.7%) of 1-phenylcyclohexane-
carboxylic acid, in.p. 123-124°, and 16.2 g. (79%) of crys-
talline a~hydroxycyclohexyl phenyl ketone were obtained
under conditions similar to those as described above.

Cyclohexenyl Phenyl Ketone (III).—This ketone was
prepared in 339, yield, b.p. 128-134° (1 mm.); n%Dp 1.5430,
from benzoy!l chloride and cyclohexene in the presence of
ahiminmm chloride according to the directions of Fuson.?

Found:

(10) M. Mousseron altd Nguven Pliune Du, Compt. rend., 218, 281
(1944).

(11) A, A. Morton and I,. M. Redman, Ind. Eng. Chem., 40, 1190
(1948).

712) From Secor Scienri[itr Tguipntent Corp.. 73 Pond St., Wultliam
4. Massachusers.

{13} E. B. Hershberg, Ind. Eng. Chem., Anal. Ed., 8, 313 {1936).

{141 M. Rubin and H. Wishinsky, ‘TH1s JoUrNAL, 68, 828 (19461,

<14} . H. Case, thid., §6, 715 {1034)
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'1‘}10(1 pure l-cvclohexenyl pheuyl ketoue is a solid, m.p. 32-
347,

The seraicarbazone of this kerone had a melting point of
2 2017,

Anal. Caled. for Cull:ON: C,
Found: C, 68.72; 11, 7.49.

A mixture melting point of this seniicarbazoue with the
semicarbazone from the neutral fraction of the reaction of
«-chlorocyclohexyl phenyl ketone with sodium hydroxide
in ether was greatly depressed, ui.p. 180-190°.

Rearrangement of «-Haloketone in a Water-Dioxane
Mixture.—-A solution of 5.06 g. {(0.019 1nole) of «-bromo-
cycloliexyl phenyl ketone in 150 ml. of dioxaue and 80 nl. of
water was heated at reflux. After 17 hours, titration of an
alignot indicated that 119% of bromide ion had been formed.
Most of tlie excess solvent wus removed under reduced pres-
sure and the remaining mixture was extracted with four Ai)-
ml. portions of ether. The ether solution was extracted
with sodium carbonate solution and the latter upoun acidifi-
cation gave 88 mg. (2.2%) of 1-phenylcyclohexanecarboxylic
acid, mn.p. 121-122°. This isolation procedure, when
carried out before reflux, guve noacid. The remaining ether
solution was evaporated to dryness and the resulting ma-
terial recrystallized froin low boiling petroleumn ether to give
3.97 g. (76%) of starting ketone, m.p. 50~51°.

It was 1ecessary to heat the original reaction mixture for
65 hours to liberate 75% of halide ion. Following the pro-
cedure outlined above 0.31 g. (8%) of rearranged acid counld
be isolated. In this experiment the neutral fraction was
dissolved in petroleum ether and after an alignot had been
withdrawu, the solution was cooled to give 0.2 g. of pure 1-
cyclohexenyl phenyl ketone, m.p., 32-34°, mixture inelting
point 32-34°  Distillation of the remaining neutral frac-
tion gave 1.2 g. of liguid, b.p. 95-100° (0.2 mm. ), the infra-
red spectrum of which was virtually identical with that of 1-
cyclohexenyl phenyl ketone. ‘[itration of the alignot of
original nentral material with bromine indicuted the pres-
cuce of 609, of unsaturated compound.

Homogeneous Reaction of «-Haloketone with Sodium Hy-
droxide in a Water-Dioxane Mixture.—To a solution made
by mixing 1.0 g. (25 nilliinoles) of sodium hydroxide, 40 nil.
of dioxane and 25 inl. of water, was added 3.0 g. (13.6
millimoles) of «-chlorocyclohexyl phenyl ketone. After
refluxing for one-half hour, the reaction was poured oiuto
150 g. of ice.  This mixture was extracted four times with
A0-ml. portions of ether. After evaporation of the com-
bined ether layers, 2.3 g. (829%) of crude crystalline a~hy-
droxycyclohexyl phenyl ketone was obtained, ni.p. 44-45°.

Titration of an aliquot of the water layer for chloride ion
indicated 989, of the chloroketone had reacted. Acidifica-
tion of the water layer gave no precipitate of acid, but
throngh a coutinmons extraction of the acidic water layer
with ether, 0,18 g. (119% 1 of henvole acid was isolated, m.p.
[20-121°.

To show that the hydroxyketoune was the precursor of the
benzoic acid, 3.0 g. (14.7 millimoles) of the hydroxyketoue
wirs allowed to react uuder the sume conditions as described
above. After 24 hours at the reflux temperature, 40 mg.
(2.29%) of benzoic acid was isokited withont tlie aid of a con-
tinons extractor.

Rearrangement of «-Haloketone in Refluxing Toluene or
Xylene in the Presence of Sodium Hydroxide.—A ixture
of 3.6 g. (90 1nillimoles) of sodiumn hydroxide which had pre-
viously been finely ground with a Morton!! type Hi-Speed
Stirrer, 10 g. (45 millimoles) of a-chloroketone (1) and 250
nil. of tolnene was stirred and heated to reflux for 30 hours.
After the mixture cooled, water was added and the layers
separated. Acidification of the water layer gave 3.6 g. (519
of 1-pheunyleyclohexanecarboxylic acid, m.p. 122-123°.

After the toluene was distilled from the organic layer, the
resulting oil was dissolved in low-boiling petrolenm ether
from which a total of 3.7 g. (399%,) of hydroxyketone {1\")
could be isolated in crystalline form.

Under the same couditions 2.9 g. (72 millimoles) of so-
dium hydroxide and 10 g. (36 millimoles) of «-bromoketone
gave 2.5 g. (34%) of acid (I1) and 3.9 g. (349,) of hydroxy-
ketone (IV).

Using xylene in place of toluene, the chloroketone gave
539% of acid (11} and 259, of hydroxyketoue (I\') while the
brouoketone gave 399 of acid and 36% of hydroxyketone.

Reaction of Silver Nitrate in an Ethanol-Water Solution
with the a-Bromoketone (I).—The a-hromoketone (5.36 g.
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0.02 mole) was dissolved in 120 ml. of 959, ethanol. To this
solution was added 3.5 g. (0.02 mole) of silver nitrate dis-
solved in 80 ml. of a solution of 60 parts ethanol and 40
parts water., After the resulting reaction mixture was
heated to reflux for one hour, the precipitated silver bromide
was filtered and washed. After drying, the silver bromide
weighed 3.6 g. (979%,).

Most of the organic solvent was evaporated under re-
duced pressure and the remaining mixture was extracted
with ether. After the ether was evaporated the neutral or-
ganic material was separated into a ketonic and non-ke-
tonic fraction using Girard!' reagent. The non-ketonic

(16) M. E. Smilh, B. Chase and R. Rhodes, THis JoUrRNaAL. 66,
1547 (1944).
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fraction was saponified using the procedure of Rubin!* for
esters of II to give 0.74 g. (18%) of 1-phenylcyclohexane-
carboxylic acid, m.p. 123-124°.

After an aliquot had been withdrawn, the remaining neu-
tral ketonic fraction was distilled to give 0.8 g. of pure 1-
cyclohexenyl phenyl ketone, m.p. 32-34°, the melting point
of which was not depressed by addition of an authentic
sample. Titration of the aliquot of neutral material with
bromine indicated the presence of 687, of unsaturated com-
pound. An infrared spectrum of the neutral ketonic frac-
tion indicated no significant amoumt of a-hydroxyketone
(IV) had formed.
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The Configuration of Isocamphenilanol!

By WyMaN R. VAUGHAN AND RANDOLPH PERRY, JR.
RECEIVED MARCH 25, 1952

Evidence is presented for the assignment of an endo configuration to the lower melting isomer of the epimeric pair of alco-

hols related to camphenilanic and i1socamphenilanic acids.
for the corresponding alcohols.

The confusion arising from an early study? of the
acids obtained by oxidation of camphene and cam-
phene derivatives was only partially resolved by the
explicit demonstration of the endo configuration of
isocamphenilanic acid.! While this proof of con-
figuration inferentially established the identity of
camphenilanic acid?* there appeared to be no
satisfactory way of relating the apparently stereo-
isomeric camphenanic and isocamphenanic acids to
these substances. The esters of all four acids gave
the same alcohol on reduction with sodium and
alcohol thus suggesting the stereoisomeric charac-
ter of the acids as opposed to structural differences,
and this appeared to be confirmed by saponifica-
tion of the ester of isocamphenanic acid, which af-
forded a mixture of camphenilanic and isocamphen-
ilanic acids. In view of this evidence and the na-
ture of the steric problem it is only possible to con-
clude that camphenanic acid, too, must constitute
another such mixture.?

Inasmuch as esters of the pure acids as well as of
mixtures of them appeared to give the same alco-
hol on sodium and alcohol reduction, nothing could
be said of the configuration of this alcohol (m.p.
77°, acid phthalate m.p. 153°).2 A presumably
as to configuration are

epimeric, lower melting alco-
hol%” had been prepared by Ho oon
reduction of the enolacetate }
of  camphenilanaldehyde, ( —
but here again conclusions
equivocal.

Recently the two epimeric alcohols were prepared
for the first time in substantially pure state and

(1) Presented in part before the Organic Division of the American
Chemical Seciety at Buffalo, March 26, 1952.

(2) G. G. Henderson and M. M. J. Sutherland, J. Chem. Soc., 108,
1710 (1914).

(3) G. Komppa and O. Komppa. Ber., 69B, 2606 (1936).

(4) J. Bredt and W, Jagelki, Ann., 310, 112 (1900).

(5) Cf. P. Lipp, private communication, *Beilstein,” Vol. V. 1
Suppl., p. 83.

(6) F. W. Semmler, Ber., 42, 962 (1909).

(7) P. Lipp, H. Dessauer and E. Wolf, Ann., 828, 271 (1936).

The names camphenilanol and isocamphenilanol are suggested

with adequate data on derivatives to enable com-
parative identification. However, unequivocal as-
signment of configuration was not possible, since
the reactions used® were essentially those previously
described?¢ and thus are subject to the same objec-
tions. It is only possible to infer that since the
yield and purity of the higher melting alcohol (81°)
obtained by sodium and alcohol reduction of methyl
camphenilanate (exo) are superior to those reported
for similar reduction of the epimeric isocamphenil-
anate (endo), the higher melting isomer probably
has the exo configuration.

In connection with other studies in this field the
present investigators had occasion to prepare one of
these alcohols by a route which leaves no doubt as
to its configuration. Mesityl oxide was allowed to
react with cyclopentadiene, produced fn situ by
thermal depolymerization of the dimer, and the
resulting unsaturated ketone (I) was reduced cata-
lytically to the saturated ketone (1I) which then
was converted to isocamphenilanic acid (II1) by
the haloform reaction. The acid thus obtained
corresponded in all respects with that more directly
produced by the addition of B,3-dimethylacrylic
acid to cyclopentadiene followed by reduction.?

H H H
COCH, COCH, COGH
I 11 111

Reduction of III by lithium aluminohydride af-
forded an excellent yield of an aleohol, IV, melting
at 58-60°. Purification through the acid phthal-

H

m —
CH,0H

IV
(8) W. Hiickel and H. Schultze, ibid., 875, 32 (1951),



