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cis-2-Chlorocyclohexyl phenyl ketone has been prepared by a stereospecific synthesis from cyclohexene. The chloroketone 
obtained by the addition of hydrogen chloride to l-cyclohexenyl phenyl ketone is this same isomer. Treating cis-2-chloro- 
cyclohexyl phenyl ketone with base, or heating i t  alone, produces kyclohexenyl phenyl ketone. 

The synthesis of a,j?-unsaturated ketones by 
acylation of an o l e h  followed by elimination of 
hydrogen halide was fist reported by Kondakowt 
in 1892, and has been investigated frequently since 
that time.' 

If one assumes that acylation occurs yia a trans 
addition to  the double bond, heterolytic dehydro- 
halogenation of the intermediate haloketone de- 
rived from a cyclic olefin would be expected, on 
steric grounds, to  give a 8, y-unsaturated k e t ~ n e , ~  
and the a,j?-unsaturated isomer should be produced 
by a homolytic reaction. I n  almost all cases previ- 
ously reported, the unsaturated ketone obtained 
was stated to be the conjugated isomer. Colonge and 
Mo~tafavi*~ found that ethyl 2-chloro-l,2dimethyl- 
propyl ketone (obtained from the reaction of pro- 
pionyl chloride with trimethylethylene) gave a mix- 
ture of ethyl 1,2dimethyl-l- and -2-propenyl ke- 
tones upon treatment with N,Ndimethylaniline. 
Braude, et ~ 1 . ~  similarly obtained two unsaturated 
ketones from 1-methylcyclohexene. Den0 and Cha- 
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fetz4q found that 1-methyl-cyclohexene yielded only 
the 8, y-unsaturated ketone when treated with 
acetic anhydride and zinc chloride. In  contrast 
with this, Royals and Hendry4P obtained the con- 
jugated ketone from cyclohexene with these re- 
agents; and Colonge and Duroux4' found but one 
isomer, the a,@, when they acylated l-methylcyclo- 
hexene with propionyl chloride under Friedel- 
Crafts conditions and dehydrohalogenated the 
product. It seemed of interest to synthesize cis- and 
trans-8-haloketones and to determine the nature of 
the olefins obtained under controlled conditions. 

Difficulty was encountered in obtaining trans-2- 
chlorocyclohexyl phenyl ketone uncontaminated by 
unsaturated ketone, employing the Friedel-Crafts 
type reaction. Application of Wieland and Bet- 
tag's4f potassium permanganate oxidation tech- 
nique for removal of olefinic material was not suc- 
cessful in our hands, nor was fractional recrystalli- 
zation of the chloroketone. 

The cis isomer was synthesized by adding hypo- 
chlorous acid to  cyclohexene to give the trans chloro- 
hydrin IL6 I1 was converted to  trans-2-cyanocyclo- 
hexanol (111) by potassium cyanide,' and the latter 
yielded cis-2-chlorocyclohexyl cyanide (IV) upon 
treatment with thionyl chloride in pyridine.8 Van 
Coillieg had reported the separation of the cis and 
tram isomers of IV from the reaction product of 
cyclohexanone cyanohydrin and thionyl chloride, 
and had made a structure assignment on the basis 
of molecular refractivities, densities, and refractive 
indices. The physical constants of IV are in agree- 
ment with those reported by Van Coillie for his cis 
isomer and his structure assignment is thus given 
synthetic confirmation. 

cis-2-Chlorocyclohexyl phenyl ketone (V) re- 
sulted from the reaction of phenylmagnesium bro- 
mide with IV. 
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Isomerization of IV by the Grignard reagent is 
unlikely inasmuch as dehydrohalogenation of the 
chloronitrile would have been the preferred reaction 
had the organometallic compound functioned as a 
base.l0 The difference in melting point between V 
and the trans isomer*' (assuming that Wieland and 
Bettag had prepared the pure compound) also in- 
dicates that isomerization did not occur. We had 
earlier determined that hydrogen chloride adds 
stereospecifically to 1-cyclohexenyl phenyl ketone 
to give a single chloroketone in 87% yield; V 
proved to be identical with this compound, and this 
latter procedure constitutes the preferred syn- 
thesis. A possible explanation of this stereospecific 
control may lie in 1,4-addition of hydrogen chloride 
to  the conjugated system to give an enol in which 
the chlorine is in the favored equatorial position, 
followed by preferential prototropic attack on the 
less hindered side of the enol double bond during the 
ketonization process as suggested by Zimmerman. I 1  

The geometry of the cyclohexylidene ring12 is such 
that t,he cis axial hydrogens a Z p h  to the double 
bond are displaced to a considerable extent out- 
ward from the ring and away from the double bond 
ring carbon as compared to  cyclohexane which 
would favor such a concept. On the basis of current 
evidence we prefer this idea to  an extension to this 
unsaturated ketone system of the suggestion of 
Vaughan, et aZ.13 that hydrohalogenation of LY, ,~-u~-  
saturated systems (acids) proceeds by a trans addi- 
tion to the carbon-carbon double bond, which pro- 
posal rests upon the assumption that protonation of 
the enol is equally probable from either side. It is of 
interest to note that Van Coillieg obtained only the 
cis chloronitrile upon adding hydrogen chloride to 1 - 
cyanocyclohexene, another compoiind in which 1 ,I- 
addition can take place. l4 

The ionic elimination of hydrogen chloride from 
V gave an unsaturated ketone, VI,  melting at  31- 
32". The assignment of the 1-cyclohexenyl phenyl 
ketone structwe to VI was made on the basis of the 
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absorption maximum at 245 mp in the ultraviolet 
spectrum and the 6.12 p band in the infrared spec- 
trum, both of which are in agreement with a conju- 
gated system, and the observation by Farkas and 
Stevens15 that both 1- and hhlorocyclohexyl 
phenyl ketones yield the same unsaturated ketone 
on heating, and that this compound had the same 
melting point as VI. At no time during the elimina- 
tion reaction was the concentration of the red- 
colored anion of 1-cyclohexenyl phenyl ketone high 
enough to be visible; this fact leads us to  believe 
that a base-catalyzed rearrangement of initially 
formed B,L/-iSomer was avoided. 

Thermal dehydrohalogenation (120") of V pro- 
duced an unsaturated ketone whose melting point, 
and that of its semicarbazone, was identical with, 
and not depressed by, admixture with VI and its 
semicarbazone; the ultraviolet absorption spectrum 
was also identical with that of VI. 

The tram ionic elimination of hydrogen chloride 
to yield VI is the expected observation. In  order to 
have that orientation of the hydrogen and chlorine 
atoms wherein all four centers are coplanar and the 
projected valency angle between C-H and C-C1 is 
180°,16 it is necessary to  picture V as being in the 

(Va). Inasmuch as the benzoyl group is bulkier than 
the chlorine atom, it seems reasonable to assume 
that, this stnicture is favored a t  equilibrium. 

axial chlorine, equatoricrl benzoyl conform it t 1011 ' 

H 
v 4  

We cannot say, without kinetic data, whether t,he 
thermal reaction can be acid-catalyzed or not. Were 
this so, the reaction could be visualized as proceed- 
ing through an enol intermediate and subsequent 
displacement of the axial chlorine. 

As a by-product in the olefin acylation reaction 
there was sometimes obtained a small quantity 
(0-2y0) of a chlorine-containing compound, CIS- 
HlsC1O, melting at  113-114" which was thermally 
stable compared to V or its trans isomer, and which 
was undoubtedly 4-chlorocyclohexyl phenyl ke- 
tone.16 

Attempts to prepare trans-2-cyano-1-chlorocyclo- 
hexane (as an intermediste for the synthesis of the 
trans-2-chloroketone) by the method of Van Coillieg 
were not siiccessfiil. 
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EXPERIMENTAL" 

trans-2-Chlorocyclohexanol. Prepared by the method of 
Coleman and Johnstonela; b.p. 84-85'/16 mm. 

trans-2-Cyanocyclohexanol. A 65% yield of material boil- 
ing a t  145-147'/16 mm., m.p. 4546". was obtained by the 
procedure of Mousseron, et al.7 

cis-2-Chlorocyclohezyl cyanide (IV). A solution of 25.5 g. 
(0.20 mole) of I11 in 33.8 g. (0.43 mole) of pyridine was 
added dropwise to  48.6 g. (0.41 mole) of thionyl chloride 
a t  such a rate as to maintain refluxing. After refluxing for 
an additional 2.5 hours, the cooled solution was poured into 
an ice-hydrochloric acid mixture. The resultant oil was 
dissolved in methylene chloride, washed with water, then 
several times with sodium bicarbonate solution, and again 
with water. The solvent was removed from the dried solu- 
tion, and 18.0 g. (62% yield) of a product boiling a t  123- 
126'/14 mm., n3z 1.4793, was collected. Redistillation gave 
12.4 g. of IV boiling a t  92-93'/2 mm., n"," 1.4792; lit.g 
b.p. 121'/12 mm., n3; 1.4797. 

When thionyl chloride without pyridine was used, a 
24% yield of IV waa obtained along with 18% of l-cyano- 
cyclohexene, b.p. 9@92'/18 mm. 

Reactiun of thionyl chloride with cyclohexanone cyano- 
hydrin. Seven 50-g. batches of cyclohexanone cyanohydrin 
were treated as directed by Van C ~ i l l i e , ~  and together 
yielded 52 g. (7%) of IV; no trans-2-chlorocyclohexyl cyanide 
could be isolated. 

cis-2-ChlorocycEohazyl phenyl ketone. ( a ) .  To a solution of 
5.0 g. (35 mmoles) of IV in 35 ml. of anhydrous ether was 
added 40 ml. of an 0.875 hf solution (35 mmoles) of phenyl- 
magnesium bromide in ether dropwise over a 1.5 hour period 
a t  0'. The product was poured into 250 ml. of ice-cold 4% 
sulfuric acid, the ether layer waa removed, and the aqueous 
phase was extracted with 25 ml. of ether and then allowed 
to stand overnight a t  room temperature. Filtration gave 0.8 
g. (14%) of V melting a t  96-99', Recrystallization from 
petroleum ether (60-90") yielded colorless crystals, m.p. 
100-101". which did not show any melting point depression 
when mixed with a sample of V obtained as in ( b ) .  

(b ) .  Anhydrous hydrogen chloride was passed into a solu- 
tion of 42 g. of 1-cyclohexenyl phenyl ketone in 150 ml. of 
anhydrous ether until no more was taken up. The ether was 

(17) AH m.p.'s are corrected; b.p.'s are uncorrected. 
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removed under reduced pressure, and the residue was re- 
crystallized several times from petroleum ether to give 
colorless V, m.p. 101.0-101.5". 

Anal. Calc'd for CI~HI~CIO: C, 70.1; H, 6.8. Found: C, 
69.9; H, 6.9. 

Ionic elimination. To a solution of 8.0 g. (36 mmoles) of 
V in 60 ml. of 95% ethanol was added, with shaking, 2.0 g. 
(36 mmoles) of potassium hydroxide. At the end of 10 
minutes all of the potassium hydroxide had dissolved and 
the precipitation of potassium chloride had ceased. The 
solvent was removed from the filtered solution and distil- 
lation of the residue afforded 5.1 g. (76%) of colorless oil, 
b.p. 125-128'/0.7 mm., n*: 1.5652, which crystallized on 
standing, m.p. 31-32"; A,, (alc.) 245 mp, t 10,900. 

The semicarbuzone of VI melted a t  205-207", Amax (ale.) 
264 mr, c 22,600; lit. m.p.14 209-211". In one run, a semi- 
carbazone of m.p. 185-187" was obtained by diluting an 
ethanolic solution of this compound with water. The ultra- 
violet and infrared (solution) absorption spectra of the two 
semicarbazones were identical, indicating that they were 
dimorphic forms of the same compound. 

When VI was treated with alcoholic potassium hydroxide 
the solution immediately became red-colored; no coloration 
was observed during the elimination reaction described above. 

Thermal elimination. Compound V ( 8  g., 36 mmoles) was 
heated a t  i20-125' under a vacuum until the evolution of 
hydrogen chloride had ceased (15 minutes), and the product 
then was distilled a t  1.5 mm. to  give 5.5 g. (83y0) of color- 
less oil, b.p. 133-134", naz 1.5653, which soon crystallized 
and melted a t  31-32". A mixture m.p. with the material 
obtained in the ionic elimination was not depressed, and the 
ultraviolet and infrared absorption spect,w of the two com- 
pounds were identical. 

The semicarbazone melted a t  205-207" and did not 
depress the semicarbaaone of the unwaturated ketone in the 
ionic elimination. 

Absorption spectra. The infrared measurements were made 
on a Baird Associates recording spectrophotometer through 
the courtesy of Dr. W. A. Patterson who also contributed 
to their interpretation. The ultraviolet data were obtained 
with a Beckman DC quartz spectrophotometer. 
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