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The Formation of 1-Phenylcyclohexanecarboxylic Acid from a-Halocyclohexyl Phenyl 
Ketones 

B Y CALVIN L. STEVENS AND E U G E N E F A R K A S 1 

RECEIVED JANUARY 7, 1952 

A study of the conditions necessary for the rearrangement of a-halocyclohexyl phenyl ketone (I) to 1-phenylcyclohexane-
carboxylic acid (II) is reported. Reaction of the a-halbketone (I) with a strong base such as hydroxide ion in a homogeneous 
medium is rapid with the formation of a-hydroxycyclohexyl phenyl ketone (IV) and no acid (II) by rearrangement. In an 
inert solvent the heterogeneous reaction of the a-haloketone (I) with sodium hydroxide is slow and produced the a-hydroxy-
ketone (IV) with some rearranged acid (II) . The yield of the acid depends upon the solvent and temperature of the reaction. 
Conditions are reported for the formation of the acid (II) in useful yield (53%). A solution of the «-haloketone (I) in a 
water-dioxane mixture that contained no strong base slowly liberated halide ion to give the rearranged acid (II) . The a-
haloketone (I) with silver nitrate in an ethanol-water solution also gave rearrangement. 

In 1939 Tchoubar and Saekur2 reported tha t a-
chlorocyclohexyl phenyl ketone (I, X is Cl) gave a 
30 to 4 0 % yield of 1-phenylcyelohexanecarboxylie 
acid (II) when allowed to react for 12 hours in 
ether 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 
cyclopropandne type intermediate3 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 epoxyether4 and no 
rearranged acid derivative, an investigation of the 
rearrangement of the haloketone was undertaken 
to determine the conditions necessary for rearrange
ment . The results indicate tha t sodium hydroxide 
will react rapidly with the haloketone (I) in a 
homogeneous reaction medium to give the a-
hydroxyketone (IV) and no rearrangement prod
ucts. The haloketone will react slowly with so
dium hydroxide in a heterogeneous reaction mix
ture to give the hydroxyketone (IV) and some 1-
phenylcyclohexanecarboxylic acid (II) , the yield of 
which depends upon the solvent and the tempera
ture. Further , in a refluxing water-dioxane solu-

(1) Presented at the Organic Division of the 118th Meeting of tltt-
American Chemical Society, Sept. . IQoO. Supported in purl f,y [Iu' 
Ethyl Corporation, Detroit , Michigan. 

(2) B. Tchoubar and O. Saekur, Coin pi. rend., 208, 1021) t !'.lii'.c. 
(3) R. B. Loftfield, T i n s JOUK.SAI., 73 , 4707 f l i l o l j . 
H) C. L. Stevens and H. Farkah, ibid , 71, UlS (ll)oli. 

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

a-Chloroeyelohexyl phenyl ketone (I, X is Cl), 
in which the position of the chlorine atom was 
shown by rapid formation of the epoxyether,3 was 
treated with sodium hydroxide in ether, the direc
tions of Tchoubar'2 being followed as closely as 
possible. The yield of 1-phenylcyclohexanecarb-
oxylic acid (II) in each of seven experiments was 
( i-9% in contrast 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 
N3% yield of a-hydroxycyclohexyl phenyl ketone 
(IV). The structure of IV previously had been 
proven in this Laboratory4 by independent synthe
sis and the melting points of mixtures of the known 
ketone with IV as well as the respective semicarba-
zoncs were not depressed. Since Tchoubar2 re
ported the neutral fraction as 1-cyclohexenyl phenyl 
ketone (III) this ketone was prepared independ
ently.6 I l l gave a semicarbazone melting a t 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 5 1 % yield of rearranged acid (II) could 
be isolated along with 39% of hydroxyketone. 
Under the same conditions the bromoketone gave 
34% of acid and 54% of ketone. 

Using refluxing xylene in the above experiments 
gave 5 3 % II and 2 5 % IV from the a-chloroketone. 
From the a-bromoketone a 3 9 % yield of I I and 
36% of IV was obtained. 

The a-hydroxycyclohexyl phenyl ketone (IV) 
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 
hydroxide t:j yield 82% of a-hydroxyketone (IV) 
and no acid of rearranged carbon skeleton. A 
small amount of benzoic acid was isolated but this 

•'• \< \: (. JH i - : J i n ! K I ' Yuwn. ihi.l , 5 9 , S M ' 1 UlJT i 
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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 11% of the halide ion had 
formed 2.2% 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% yield of 1-phenylcy
clohexanecarboxylic acid was obtained. From the 
neutral fraction in this experiment 1-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 18% 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 68% 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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Fig. 1.—Infrared absorption spectrum of a-hydroxycyclo-
hexyl phenyl ketone (IV) in carbon disulfide (compensated). 

alone or in the presence of AgNOs can be satisfac
torily explained by a mechanism similar to the one 
of Cope and Graham7 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 Curtin8 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-

carbon disulfide (Fig. 1) indicates a carbonyl group 
as well as a hydroxyl group. 

This formation of the hydroxyketone (IV) is analo
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 Lane6 which indicated that in the exam
ple studied of a pinacolic type displacement of a 
halogen, the order of participation of neighboring 
groups was C1S-O- > > C1S-C6H6 > C1S-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. I.ane and D. R. Walters, THIS JOURNAL, 73, 4238 (1951). 

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, i.e., the 17b-bromo-D-
homoandrostane-3(lS)-ol-17-one acetate9 (X) 

(7) A. C. Cope and E. S. Graham, ibid., 73, 4702 (1951). 
(8) Curtin, et al., ibid., 72, 961 (1950); 73, 992, 3453 (1951). 
(9) D. A. Prins and C. W. Shoppee, J. Chtm. SoC, 494 (1946). 
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although in these examples a-elimination of hydro
gen halide followed by rearrangement is possible. 

Experimental 
Reaction of the a-Chlorocyclohexyl Phenyl 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 Mor ton" type Hi-Speed12 stirring apparatus for 
15 minutes, after which time the sodium hydroxide was 
finely divided. The mixture was then transferred to a 500-
ml. flask equipped with a Hershberg13 type stirrer and 10 g. 
(45 millimoles) of chloroketone (I) 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-hydroxycyclohexyl phenyl ketone (IV), 
m.p. 47-49°. This ketone was shown to be identical by 
mixture melting point determination with the ketone4 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 benzoic 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 petroleum ether and 
proved to be 0.72 g. (8%"l of 1-phenylcvclohexanecarboxvlie 
acid,'4. '5 m.p. 123-124°. 

Anal. Calcd. for CuHieOo: C, 76.44; H, 8.0S. Found: 
C, 76.32; H, 8.06. 

An authentic sample of 1-phenylcyclohexanecarboxylic 
acid kindly supplied by Dr. F . H. Case16 had m.p. 123-124°, 
A melting point of a mixture was not depressed, m.p. 123 -
124°. 

An amide1" prepared from a sample of both acids had m.p. 
05-97°, and the melting point of a mixture was not de
pressed . 

Six other experiments using from 3 to 20 g. of starting 
chloroketone and various sizes of sodium hydroxide pellets 
gave similar results. 

a-Brornocyelohexyl phenyl ketone gave similar products. 
From 27 g. (0.1 mole) of bromoketone and 10 g. (0.25 mole) 
of sodium hydroxide, 1.2 g. (5.7%) of 1-phenylcyclohexane
carboxylic acid, m.p. 123-124°, and 16.2 g. (79%) of crys
talline a-hydroxyeyclohexyl phenyl ketone were obtained 
under conditions similar to those as described above. 

Cyclohexenyl Phenyl Ketone (III).—This ketone was 
prepared in 3 3 % yield, b.p. 128-134° (1 mm.); K25D 1.5430, 
from benzoyl chloride and cyclohexene in the presence of 
aluminum chloride according to the directions of Ftison.5 

(10) M. Mousseron and Nguyen Phuoc Du, Compl. rend., 218, 281 
(1944). 

(11) A, A, Morton and L. M. Redman, hid. Eng. Chem., 40, 1190 
(1948). 

il2) From Secor Scientific Kquipmenf Corp.. 73 Pond St., Wallham 
"it. Massachusetts, 

'13) K. B. Hershberg, Ind. Eng. Chem., Anal. Ed., 8, 313 (1936). 
' H ) M. Rubin and H. Wishinsky, T H I S JOURNAL, 68, 828 (1946). 
(1,^ F, H. Case, ibid., 56, 7Ci (1034) 

The pure l-cvclohexenyl phenyl ketone is a solid, m.p, 32-
34°. 

The seniicarbazoiic of this ketone had a melting point of 

C, 69, II, 7.Ot . Anal. Calcd. for C11U17OX,; 
Found: C, 68.72; H, 7.49. 

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

Rearrangement of a-Haloketone in a Water-Dioxane 
Mixture.—A solution of 5.06 g. (0.019 mole) of a-bromo-
eyelohexyl phenyl ketone in 150 ml. of dioxane and 80 ml. of 
water was heated at reflux. After 17 hours, titration of an 
aliquot indicated that 11 % of bromide ion had been formed. 
Most of the excess solvent was removed under reduced pres
sure and the remaining mixture was extracted with four 50-
ml. portions of ether. The ether solution was extracted 
with sodium carbonate solution and the latter upon acidifi
cation gave 88 mg. (2.2%) of 1-phenylcyclohexanecarboxylic 
acid, m.p. 121-l22°. This isolation procedure, when 
carried out before reflux, gave no acid. The remaining ether 
solution was evaporated to dryness and the resulting ma
terial recrystallized from low boiling petroleum ether to give 
3.97 g. (76%) of starling ketone, m.p. 50-51°. 

It was necessary 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 could 
be isolated. In this experiment the neutral fraction was 
dissolved in petroleum ether and after an aliquot had been 
withdrawn, the solution was cooled to give 0.2 g. of pure 1-
cyclohexenyl phenyl ketone, m.p. 32-34°, mixture melting 
point 32-34°, Distillation of the remaining neutral frac
tion gave 1.2 g. of liquid, b.p. 95-100° (0.2 mm.), the infra
red spectrum of which was virtually identical with that of 1-
cyclohexenyl phenyl ketone. Titration of the aliquot of 
original neutral material with bromine indicated the pres
ence of 60% of unsaturated compound. 

Homogeneous Reaction of a-Haloketone with Sodium Hy
droxide in a Water-Dioxane Mixture.—To a solution made 
by mixing 1.0 g. (25 millimoles) of sodium hydroxide, 40 ml. 
of dioxane and 25 ml. of water, was added 3.0 g. (13.6 
millimoles) of a-chlorocyclohexyl phenyl ketone. After 
refluxing for one-half hour, the reaction was poured onto 
150 g. of ice. This mixture was extracted four times with 
50-ml. portions of ether. After evaporation of the com
bined ether layers, 2.3 g. (82%) of crude crystalline a-hy-
droxycyclohexyl phenyl ketone was obtained, m.p. 44-45°. 

Titration of an aliquot of the water layer for chloride ion 
indicated 98% of the chloroketone had reacted. Acidifica
tion of the water layer gave no precipitate of acid, but 
through a continuous extraction of the acidic water layer 
with ether, 0.18 g. Cl 1 % i of benzoic acid was isolated, m.p. 
120-121°. 

To show that the hydroxyketone was the precursor of the 
benzoic acid, 3.0 g. (14.7 millimoles) of the hydroxyketone 
was allowed to react under the same conditions as described 
above. After 24 hours at the reflux temperature, 40 mg. 
(2.2%) of benzoic acid was isolated without the aid of a con
tinuous extractor. 

Rearrangement of a-Haloketone in Refluxing Toluene or 
Xylene in the Presence of Sodium Hydroxide.—A mixture 
of 3.6 g. (90 millimoles) of sodium hydroxide which had pre
viously been finely ground with a Morton11 type Hi-Speed 
Stirrer, 10 g. (45 millimoles) of a-chloroketone (I) and 250 
ml. of toluene 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. ( 5 1 % I 
of 1-phenylcyclohexanecarboxylic acid, m.p. 122-123°. 

After the toluene was distilled from the organic layer, the 
resulting oil was dissolved in low-boiling petroleum ether 
from which a total of 3.7 g. (39%) of hydroxyketone (IV) 
could be isolated in crystalline form. 

Under the same conditions 2.9 g. (72 millimoles) of so
dium hydroxide and 10 g. (36 millimoles) of a-bromoketone 
gave 2.5 g. (34%) of acid (TI) and 3.9 g. (54%) of hydroxy-
ketone (IV). 

Using xylene in place of toluene, the chloroketone gave 
5 3 % of acid (II) and 2 5 % of hydroxyketone (IV) while the 
bromoketone gave 39% of acid and 36% of hydroxyketone. 

Reaction of Silver Nitrate in an Ethanol-Water Solution 
with the a-Bromoketone (I).—The a-bromokefone (5.36 g. 
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0.02 mole) was dissolved in 120 ml. of 9 5 % 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. (97%). 

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 Girard16 reagent. The non-ketonic 

(16) M. E. Smith, B. Chase and R. Rhodes, THIS JOURNAL, 66, 
1547 (1944). 

fraction was saponified using the procedure of Rubin11 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 68% of unsaturated com
pound. An infrared spectrum of the neutral ketonic frac
tion indicated no significant amount of a-hydroxyketone 
(IV) had formed. 

DETROIT 1, MICHIGAN 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY OF MICHIGAN ] 

The Configuration of Isocamphenilanol1 

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 isocamphenilanic acids. The names camphenilanol and isocamphenilanol are suggested 
for the corresponding alcohols. 

The confusion arising from an early study2 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.3 While this proof of con
figuration inferentially established the identity of 
camphenilanic acid2'4 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.6 

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 
epimeric, lower melting alco
hol6'7 had been prepared by 
reduction of the enolacetate 
of camphenilanaldehyde, 
but here again conclusions 
as to configuration are 
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 Society at Buffalo, March 26, 1932. 

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

(3) G. Komppa and O. Komppa, her., 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., 625, 271 (1936). 

with adequate data on derivatives to enable com
parative identification. However, unequivocal as
signment of configuration was not possible, since 
the reactions used8 were essentially those previously 
described2'6 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 in situ by 
thermal depolymerization of the dimer, and the 
resulting unsaturated ketone (I) was reduced cata-
lytically to the saturated ketone (II) which then 
was converted to isocamphenilanic acid (III) by 
the haloform reaction. The acid thus obtained 
corresponded in all respects with that more directly 
produced by the addition of /3, /3-dimethylacrylic 
acid to cyclopentadiene followed by reduction.3 

COCH, COCH, 

II III 

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

IV 

(8) W. Hucfcel and H. Schultze, ibid., 878, 32 (1951). 


