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The Reaction of 1-Acetyl-2-methylcyclohexene with Cyclohexanone!

By RICHARD B. TURNER aAND DoroTHY M. VorrLe

In 1935 Rapson and Robinson® condensed |-
acetyl- Al-cyclohexene with cyclohexanone in the
presence of sodamide and obtained a tricyclic, ur-
saturated ketone, to which structure I was as-
signed. The correctness of this formulation was
subsequently established by Linstead and co-
workers® by ultraviolet absorption measurements
(Amaz. 238 mu, log € 4.14) and by catalytic hydro-
genation of the condensation product to a satu-
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rated ketone (II), which furnished trans-anti-trans
perhydrodiphenic acid (IIT) on nitric acid oxida-
tion. With the object of incorporating an angu-
lar methyl group in the perhydrophenanthrene
nucleus, Huber? undertook extension of the Rap-
son—Robinson synthesis to l-acetyl-2-methyl-A'-
cyclohexene (IV), which was condensed with cy-
clohexanone in an ether-pyridine solution of po-
tassium isopropoxide. The product, obtained as
an oil (b. p. 81° (10~* mm.)) in 29Y; yield, fur-
nished a 2,4- d1111tropheny1hydrdzone m. p. 103--
104°, and a semicarbazone, m. p. 116-118°, in un-
specified amounts and showed maximum absorp-
tion in ether at 238 mu. In view of the analogy to
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the earlier work, and because phenanthrene was
obtained by selentuin dehydrogenation, structure
\" was proposed for the new substance by Huber.
Similar condensations of acetylmethyleyclohexenc
with w-tetralone,® with a-decalone® and with S-

{1} The work reported in this paper was supported by funds pro-
vided by the Awmerican Cancer Society on the recomutendation of the
Cummittee ou Growth of the Naticnal Research Conncil, il by the
Elt Lilty Co., Tadianapolis.

(23 Rapson and Robioson, J. Chem. Soc., 1285 1435,

(3; Linstead and Walpole, /. {hem, Soc., 842, 8350 (1439); Liu-
stead and Doering, THIS Jour~atn, 64, 2002 (il I.instead,
Davis and Whetsone, ibid., 64, 2009 (1942).

{3y Huber, Ber., T1, 725 (193%),

3 Lideritz, Dissertation, Gittingen, 1944; Diwroth, 4ugew.
59, 23, 215 719473 A copy of the Lideritz dissertation was
throngh the coirtesy of Dr. Karl Dimroih.
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methylhydrindanone-4® have also been explored,
but when these experiments were carried out, the
structures of the various products were not ade-
quately investigated and were based for the most
part on Huber’s results.” Since substances re-
lated to V are of obvious interest in connection
with steroid synthesis, we have re-examined the
reaction of acetylimethyleyclohexene with cyclo-
hexanoune.

The acetylmethylcyclohexene employed by
Huber was prepared from acetyl chloride and
nmethylcyclohexene, which apparently was ob-
tained by dehydration of commercial 2-methylcy-
clohexanol as described by Ruzicka, Koolhaas
and Wind.® Since methylcyclohexene derived
from this source contains, in addition to the Al-
isoruer, as much as 53-65% of the A2-modifica-
tion,® it must be presumed that Huber's acetyl-
inethyleyclohexene consisted of a complex mixture
of isomers. Dehydration of 1-methylcyclohexa-
nol, on the other hand, affords pure 1-methyl-Al-
cyclohexene,® which on reaction with acetyl
chloride yields 1l-acetyl-2-methylcyclohexene,
A 230 mu (e 4500), as an equilibrium mixture
of «,3- and 8,v-unsaturated forms.?

We have condensed this material with cyclo-
hexanone according to the procedure of Huber,*
except that potassium ¢-butoxide and #-butyl al-
cohol were substituted for potassium isopropox-
ide—isopropyl! alcohol inn order to avoid the possi-
bility of ketone reduction.” The reaction prod-
uct was isolated in 56% yield as a light oil {b. p.
96--98° (10~* mm.)) and exhibited maximum ab-
sorption in alcohol at 250 mu (e 5360). The sub-
stance was chromatographically homogeneous;
analyses and a molecular weight determination
corresponded to the formula CisHxpO. The ap-
pearance of two bands in the carbonyl region of
the infrared (Fig. 1), one at 5.96 x and the other
at 5.86 u, indicated the presence of both conju-
gated and unconjugated carbonyl functions, which
of necessity are associated with the same keto
group and must therefore be attributed to «,8-
and to B3,v-unsaturation, respectively. The prod-
uct did not form a semicarbazone, dinitrophenyl-
hvdrazone, nor oxiile.

‘o) Bagchi and Banerjee, J. [nd. Chem. Soc., 28, 397 (1946).

*7) The work of W. 8. Johnson, Szmuszkovicz and Miller, THIs
Jourwnar, T2, 3726 (1950), on the structures of some of these sub-
stanees has recetitly come to our attention. We are indebted to
I)r. Johnson for cominunicating his resuits to us.

(8) Ruzicka, Kpolhaas aud Wind, Help. Chim.
(1431).

i49) Dimnroth and Yiaderitz, Ber., 81, 242 (1948); Braude aud ca-
workers, J. Chem. Soc., 1800 (1949 ; Turner and Voitle, THis JoUr-
MAL, tO Dress.
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l'ig. 1.—Infrared absorption spectrum of condeénsatidh protuct (V1I} in earbon disiitfide.

The ultraviolet absorption data noted pre-
viously are incomipatible with a compound of
structure V, which should absorb maximally at
about 240 mu.!! Moreover, oxidation of the con-
densation product with potagsium permanganate
furnished considerable athourts of adipic acid,
which cannot be derived in a simple way from V.
Our attention was therefore directed to two alter-
native formulations, VI and VII, either of which
could account for the observed properties.
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In order to distingtish these possibilities the
condensation product was hydrogenated over
platinum in acetic ucid solution. Reduction
ceased after the absorption of 3.02 molar equiva-
lents of hydrogen, and a crystalline alcokol,
CisHxO, melting at 65.5-66.5° was isolated by
slow crystallization from petroleum ether. This
result excludes forinula VI, for the absorption of
thiree moles of hydrogen by a substance of this
constitautton would futnish a hydrocarbon. Struc-
tures VII and VIIT may therefore be assigned, re-
spectively, to the condensationr product and to the
derived saturated alcohol.

Unambiguous evidence supporting this conclu-
sion was obtained in the folowing way. Oxida-
tion of VIII with chromic acid gave an oily ketone
(IX}, which faifed to yield a semicarbazone, birt

(11) The value reported by Huber (238 mu) was obtained in
erier. Correction for solvent effect (Fieser and Fieser, '*Natural
Prodiicts Related to Phenanthrene, 3rd ed., Reinhold Publishiiy

Corp.. New York, N. Y., 1949, p. 184), gives a value in alcohol of
240 mu.

which was chardcterized by iritense absorption at
5.80 u in the infrared. No attempt was made to
purify this material, and it was oxidized directly
with a soltttion of perbehzoic acld itt chivrofotin.i2
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Hydrolysis of thé oxidation prodict afforded cfs-
2-metiyleyelotiexarol, isotated 4 the acid phithisl-
ate and identified by comparison with an autheh-
tic sample. There was also obtaitied an acidic
eompotinid that yielded an amiide, m. p, 167-168°,
identical it all tespects with cyclohexylacetamide.

Although our results establish that the main
product of the condensation of acetylmethtyleyelo-
hexene with eyélotexanone is VI, the preskfice of
isothetlc cotitatmittants in amotints stfficiently
small to escape detection cannot, of cotirse, be ex-
cluded.

Attempts to obtain V by actd- or base-catalyzed
cychization of 1-(cyclohexylidetieacetyl)-2-meth-
ylcyclohexene (V1II) under ?c’)rcing conditions were
unsuccessfal. The substarice was unaffected by
prolonged refluxifig with sodittm Hydeide mr beti-
zene, and wheréas tfeatrrrent with coticentratéd
sulfuric acid produced some increase in the inten-
sity of absorption of ultraviolet light (e 8640), the
position of the absorption maxtmurf (250 mp) was
unchanged.

Experimental!?

Condensation of 1-Acetyl-2-methyl-Af(and AY)-tyclo-
hexene with Cyclohexanone.—Fourteen grams of potds-
sinm under 200 mt. of ankydrons ether (protécted By an
atmosphere of nitrogen) was dissolved by the slow addi-

(12) Cf. Turdet, TRYS Journar, 78, 878 (1950).
(13) Afi¥ melting points are corrected. Analyses were performed
by NMr. 8. M. Nagy, M. 1. T.
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tion of 125 ml. of dry ¢-butyl alcohol. The resulting
slurry of potassium ¢-butoxide was then treated with a
solution of 39.2 g. of l-acetyl-2-methylcyclohexene!¢ and
28.0 g. of cyclohexanone in 100 ml. of anhydrous pyridine.
The pyridine solution was added slowly with stirring and
gave a clear orange solution, from which a heavy precipi-
tate separated after about two hours. After one week,
water was added, and the layers were separated. The
aqueous phase was cooled, acidified with hydrochloric
acid and thoroughly extracted with ether. The ether ex-
tracts were combined with the organic fraction obtained
above and washed successively with water, dilute hydro-
chloric acid, water, dilute sodium hydroxide solution, and
a saturated solution of sodium chloride. After filtration
through anhydrous sodium sulfate, the solvent was re-
moved, and the residue was fractionated at diminished
pressure. The yield of material boiling at 85-105° at
1073 mm. was 42.0 g.

Redistillation furnished 34.8 g. (56%) of product, b. p.
96-98° (10 ~%) mm., ¢, 250 my, ¢ 5360.

Anal. Caled. for Ci;HeO: C, 82.51; H, 10.16; mol.
wt., 218. Found: C, 82.63; H, 10.34; mol. wt. (Rast),
218, )

Permanganate Oxidation of 1-(Cyclohexylideneacetyl)-
2-methylecyclohexene (VII).—The ketonic condensation
product (5.00 g.) obtained above was dissolved in 30 m!.
of pyridine and added slowly to a cooled solution of 40.0
g. of potassium permanganate and 4.00 g. of potassium
hydroxide in 300 ml. of 309 aqueous pyridine. The
temperature of the reaction mixture was not allowed to
rise above 40°.

After standing overnight at room temperature, the per-
manganate color had completely disappeared. The man-
ganese dioxide was removed by filtration and washed
thoroughly with hot water. Filtrate and washings were
combined and concentrated to dryness under reduced
pressure; the residue, after washing with ether, was dis-
solved in a small volume of water and acidified with hy-
drochloric acid. The resulting solution was then ex-
tracted repeatedly with ether, ethyl acetate and chloro-
form. The organic extracts were finally combined,
treated with charcoal, filtered and concentrated to dry-
ness.

Trituration with ether gave 1.08 g. of a crystalline
solid (m. p. 139-146°), which on recrystallization from
acetone melted at 150-152° and did not depress the
melting point of adipic acid. No other crystalline com-
ponent could be isolated from the mother liquors.

Hydrogenation of 1-(Cyclohexylideneacetyl)-2-methyl-
cyclohexene.—Hydrogenation of VII (2.64 g., 12.1
mmoles) was carried out in 10 ml. of glacial acetic acid in
the presence of 500 mg. of prereduced platinum oxide.
After twenty-two hours 881 ml. of hydrogen (3.02 molar
equivalents) had been absorbed and no further reaction
was observed.

The catalyst was removed by filtration, and the filtrate
was diluted with ether, washed with water, dilute alkali,
and saturated sodium chloride. After drying over an-
hydrous sodium sulfate, the ether was removed on the
steam-bath, and the product was crystallized from a small
volume of petroleum ether. The yield of material melting
at 61.5-63.5° was 600 mg. The substance was difficult
to handle in that it was quite soluble in the common or-
ganic solvents and could not be satisfactorily recovered
from aqueous media. Recrystallization from a small
amount of petroleum ether furnished a pure sample
(prisms), possessing a pleasant odor and melting at 65.5-
66.5°. The presence of a hydroxyl group was established
by a sharp band at 2.80 u in the infrared.

Anal. Caled. for CyHgsO: C, 80.29;
Found: C, 80.36; H, 12.63.

The mother liquors were not investigated for other iso-
mers.

H, 12.58.

(14) The acetylmethylcyclohexene was obtained by the procedure
of Ruzicka, Koolhaas and Wind (ref. 8) as modified by Dimroth and
T.itderitz (refs. 5 anml 9.
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Oxidative Degradation.—In a separate experiment the
total crude hydrogenation product from 10.0 g. of 1-
(cyclohexylideneacetyl)-2-methylcyclohexene (VII) was
dissolved in 50 ml. of acetic acid and cooled to 15°. A
solution of 3.20 g. (1.05 equivalents) of chromic oxide in
100 ml. of 85%, acetic acid was then added at a rate such
that the temperature of the reaction mixture did not rise
above 25°.  After standing overnight at room tempera-
ture, the solution was diluted with a large volume of water
and extracted with ether. The ether extracts were com-
bined, washed successively with water, dilute hydrochloric
acid, dilute sodium hydroxide, and saturated sodium chlo-
ride, filtered through anhydrous sodium sulfate, and con-
centrated to dryness under reduced pressure.

Five grams of crude ketone obtained in this way was
treated with 48 ml. of 0.55 molar perbenzoic acid in
chloroform solution. After standing for seven days at
room temperature, ether was added, and the mixture was
washed thoroughly with dilute sodium hydroxide solution,
filtered thréugh anhydrous sodium sulfate and concen-
trated to dryness. The residue was then hydrolyzed by
refluxing overnight with a solution of 3.0 g. of sodium
hydroxide in 70 ml. of 509, aqueous methanol. Dilution
with water and ether extraction effected the separation of
neutral and acidic fractions.

The neutral material (3.4 g.) was refluxed with 4.5 g.
of phthalic anhydride in 15 ml. of dry pyridine for three
and one-half hours, at the end of which time the mixture
was cooled, diluted with water, acidified with hydrochloric
acid, and extracted with ether. The product was then
separated from considerable amounts of unchanged ketone
{IX) by extraction with cold, dilute alkali, from which it
was recovered by acidification and ether extraction. The
resulting ethereal solution was concentrated, and on dilu-
tion with petrolewm ether, furnished 2.23 g. of c¢is-2-
methylcyclohexanyl acid phthalate, m. p. 101-103°. A
mixed melting point with an authentic sample showed no
depression.

The acidic fraction (1.0 g.) obtained on hydrolysis of
the peracid oxidation product was dissolved in 10 ml. of
anhydrous ether and treated with 2 ml. of purified thionyl
chloride.t®  After standing overnight at room tempera-
ture, the ether was removed, and benzene was added and
evaporated three times in succession to eliminate the last
traces of thionyl chloride. The crude acid chloride was
then taken up in dry ether, cooled in ice, and saturated
with dry ammonia gas. Removal of the ether and excess
ammonia left a solid residue, which was dissolved in water
and chloroform. The chloroform layer was washed with
water and saturated sodium chloride, filtered through
anhydrous sodium sulfate, and concentrated to dryness.
Crystallization from chloroform-petroleum ether gave 830
mg. of crude material melting at 161-165°. Two re-
crystallizations from ethanol afforded a pure sample,
m. p. 167-168°, that did not depress the melting point of
a specimen of cyclohexylacetamide, prepared for compari-
son by hydrogenation (Ni) of phenylacetic acid and con-
version of the resulting cyclohexylacetic acid into the
corresponding amide.

Summary

Condensation of l-acetyl-2-methyl- Al(and
A?%)-cyclohexene with cyclohexanone under the
influence of potassium ¢-butoxide affords 1-(cy-
clohexylideneacetyl)-2-methylcyclohexene as the
principle product. This substance was pre-
viously formulated as a 10-keto-12-methyldodeca-
hydrophenanthrene. Infrared absorption .data
suggest that the dienone consists of a mixture of

a,(3- and 8,v-unsaturated isomers,
CAMBRIDGE, Mass. RECEIVED FEBRUARY 28, 1950

(15) Fieser, "'Experiments in Organic Chemistry,” 2nd ed., D. C.
Hoeath aned Con, Boston, Mass, 1911, p 381,



