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1-Methyl-3-ethyl-4-(p-hydroxyphenyl)-A®*-cyclohexenylethylcarbinol, an “Open-
Model” of Estradiol

By MARTIN RUBIN AND HENRY WISHINSKY

In a recent publication the synthesis of 4-(p-
hydroxypheny!)-hexahydropropiophenone, II, was
described.! This compound was suggested as an
“open-model” of estrone, I. An investigation in
this Laboratory directed toward the same objec-
tive has resulted in the preparation of 1-methyl-3-
ethyl - 4 - (p - hydroxyphenyl) - A?- cyclohexenyl-
ethylearbinol, III, which may be considered as an
“open model” of estradiol.

For the preparation of III the readily available
y-methyl-y-carboxypimelic acid® was utilized.
Dieckman cyclization of ethyl y-methyl-y-carb-
ethoxypimelate gave ethyl 1-methyl-3-carbeth-
oxy-4-ketocyclohexanecarboxylate, IVb, in good
vield. Alkylation with ethyl iodide in the usual
way followed by acid hydrolysis afforded 1-
methyl-3-ethyl-4-ketocyclohexanecarboxylic acid,
Va. From the complex mixture resulting from
the condensation of Va with the Grignard reagent
from p-bromanisole, the crystalline acid VIa could
be obtained by fractional distillation of the methyl
esters of the acidic portion of the reaction mixture
followed by dehydration and saponification of the
intermediate hydroxy ester. The position of the
double bond in the acid Vla is indicated by its
characteristic resistance to catalytic hydrogena-
tion. Conversion of the acid VIa to the propionyl
derivative, VII, was effected by reaction of its acid
chloride with diethyl zine. 1-Methyl-1-propionyl-
3-ethyl-4-(p-methoxyphenyl)- A%-cyclohexene, VII,
was not stable to acidic demethylation reagents.
Demethylation with potassium hydroxide in
ethylene glveol® at 200—220° caused simultaneous
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reduction of the carbonyl group.* The phenol,
III, was characterized as the crystalline p-nitro-
benzoate.

For the preparation of the lower homolog, 1-
methyl - 4 - (¢ - hydroxyphenyl) - hexahydropro-
piophenone, XI, ethyl l-methyl-3-carbethoxy-4-
ketocyclohexanonecarboxylate, IVb, was con-
verted by acid hydrolysis to l-methyl-4-ketocy-
clohexanecarboxycyclic acid, Vb. This compound
could also be prepared by pyrolysis of the an-
hydride of y-methyl-y-carboxypimelic acid. The
reaction of the methyl ester of 1-methyl-4-keto-
cyclohexanecarboxylic acid with the Grignard
reagent from p-bromoanisole gave rise to the un-
saturated acid VIb and the lactone VIIL.5

(4) Rubin, THis JoURNAL, 66, 2075 (1944).

(5) The formation of an acid as a product of the addition of a
Grignard reagent to an alicyclic keto ester has been previously ob-
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In contrast to its homolog, VIa, the unsatu-
rated acid, VIb, was readily reduced by catalytic
hydrogenation. Conversion of the reduced acid,
IX, to the ketone, X, proceeded satisfactorily in
the manner described for the homolog. 1-Methyl-
4 - (p - hydroxyphenyl) - hexahydropropiophenone,
X, could be demethylated by a mixture of hydro-
bromic and acetic acids to the phenol, XI.

The estrogenic activity of some of the com-

pounds described above have been determined by -

Dr. C. F. Geschickter. Compound VII was in-
active by the Allen—Doisy assay at a threshold
level of 100 y. Compound XI was active at a
level of 5 mg. The threshold level for estradiol
by this same test is 1 ¥.

Experimental

Ethyl y-Methyl-y-carbethoxypimelate.—The continuous
esterification for thirty hours of 436 g. of vy-methyl-y-
carboxypimelic acid? by heating with ethanol, carbon
tetrachloride and sulfosalicylic acid® gave 416 g. (80%)
of ester, b. p. 128-131° at 0.1 mm.

Anal. Caled. for C;sHesOs: C, 59.58; H, 8.67. Found:
C, 59.10; H, 8.33.

Ethyl 1-Methyl-3-carbethoxy-4-ketocyclohexanecar-
boxylate (IVb).—Dieckmann cyclization” of 302 g. of ~-
methyl-y-carbethoxypimelate gave 192 g. (75%) of prod-
uct, b. p. 125-130° at 0.2 mm. It gave the characteristic
violet color with ferric chloride solution.

Anal. Caled. for C3HxO05: C, 60.92; H, 7.85. Found:
C, 61.03; H, 7.97.-

1-Methyl-4-ketocyclohexanecarboxylic Acid (Vb). A,
From v-Carboxy-v-methylpimelic Acid.—A mixture of 15
g. of y-carboxy-y-methylpimelic acid and 30 g. of acetic
anhydride was heated under reflux for four hours. The
excess acetic acid was then removed by distillation iz
vacuo and the residue heated at 200-220° at 30 mm. until
the evolution of carbon dioxide was complete. Imme-
diate distillation of the residue gave 5 g. (479%,) of the prod-
uct as a clear viscous oil, bath temp. 250-280° at 0.7 mm.
On cooling the material rapidly crystallized and was puri-
fied by recrystallization from benzene-petroleum ether
mixture. After two recrystallizations it melted at 78-79°.

Anal. Caled. for CgH;,05: C, 61.51; H, 7.75. Found:
C, 61.27; H, 7.60.

B. From IVb.—A mixture of 10 g. of IVb, 20 cc. of
glacial acetic acid, 5 cc. of concentrated hydrochloric acid
and 3 cc. of water was refluxed for five hours. After re-
moval of the low boiling fractions the product, 4.8 g.
(78%,), was collected at 130-135° at 0.5 mm. It crystal-
lized rapidly in the receiver, m. p. 78-79°.

Methyl 1-Methyl-4-ketocyclohexanecarboxylate.—The
esterification of the acid by diazomethane in the usual
manner gave a quantitative yield of the ester, b. p. 80-83°
at 0.2 mm. .

Anal. Caled. for CoHiuOs: C, 63.50; H, 8.29. Found:
C, 63.97; H, 8.38.

Ethyl 1-Methyl-3-ethyl-3-carbethoxy-4-ketocyclohex-
anecarboxylate (IVa).—To 11.5 g. of sodium sand in 300
cc. of toluene was added 130 g. of IVb, After the initial
reaction the mixture was stirred and refluxed until all of the
sodium had reacted. One hundred grams of ethyl iodide

served. Cf. Nenitzescu and Cioranescu, Ber., 78, 1765 (1942). It
is likely that the acid is formed by the action of excess Grignard
reagent on an intermediate lactone. Cf. Cox, THIS JOURNAL, 686,
865 (1944). Treatment of the lactone, VIII, with methylmag-
nesium iodide gave rise to some unsaturated acid, VIb.

(8) *“‘Organic Syntheses,” Coll. Vol. I, 2nd ed., John Wiley and
Sons, Inc., New York, N. Y., 1941, p. 246.

(7) **Organic Syntheses,** Coll. Vol. II, John Wiley and Sons, New
York, N. Y., 1943, p. 116.

1-METHYL-3-ETHYL-4-(-HYDROXYPHENYL)- A3-CYCLOHEXENYLETHYLCARBINOL

ethyl zinc in toluene.
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was added, and stirring and refluxing was continued for
fourteen hours. The mixture was cooled, washed with
water and extracted with cold 5% sodium hydroxide until
a ferric chloride test of the toluene solution indicated the
absence of any unreacted starting material. The solution
was then washed with water until free of alkali, concen-
trated and distilled. The product, 131 g. (929,), was a
clear colorless oil, b. p. 120-125° at 0.1 mm.

Anal. Caled. for CsHyO0s: C, 63.36; H, 8.50. Found:
C, 63.46; H, 8.07.

1-Methyl-3-ethyl-4-ketocyclohexanecarboxylic Acid
(Va).—A mixture of 130 g. of IVa, 400 cc. of glacial acetic
acid, 80 cc. of concentrated hydrochloric acid and 32 cc. of
water was heated under reflux for eighteen hours. The sol-
vents were then removed by distillation ¢ vacuo. The
residue, on fractionation gave 75 g. (889%) of product, b. p.
140-150° at 0.1 mm.

Anal. Caled. for CieHpsOs: C, 65.19; H, 8.76; mol.
wt., 184.2. Found: C,64.75; H,8.20; mol. wt., 185.5.

Methyl 1-Methyl-3-ethyl-4-ketocyclohexanecarboxy-
late.—Esterification of the acid with diazomethane in the
usual way gave a quantitative yield of the ester, b. p. 95°
at 0.05 mm.

Anal. Caled. for CyyH1sO;: C, 66.5; H, 9.09. Found:
C, 66.4; H, 8.98.

1-Methyl - 3 - ethyl-4-(p-methoxyphenyl)- A%-cyclohex-
enecarboxylic Acid (VIa).—The Grignard reagent from
35 g. of p-bromoanisole and 4.9 g. of magnesium was added
dropwise to a cold, well stirred solution of 32 g. of Va in
250 cc. of ether, When the addition was complete the
mixture was refluxed for two hours and then decomposed
in the usual way with dilute sulfuric acid. The ether
layer was separated and extracted with 5% sodium hy-
droxide solution. The alkaline extracts were cautiously
acidified in the cold and extracted with ether. The ether
extract was dried and concentrated iz vacuo and the residue
treated with ethereal diazomethane solution in excess.
After one hour the excess diazomethane was decomposed
by the addition of concentrated hydrochloric acid, the
ether solution washed with water and with sodium hy-
droxide solution. The ethereal layer was then concen-
trated and the residue fractionated using a 25-cm. Vigreux
column. After a forerun of methyl 1-methyl-3-ethyli-4-
ketocyclohexanecarboxylate, 13 g. of carbinol, b. p. 150-
160° at 0.1 mm. was obtained. The analysis indicates the
presernce of a small amount of the dehydrated material.

Anal. Caled. for CisHyO4: C,70.56; H, 8.53. Found:
C, 71.55; H, 8.52.

Dehydration of this carbinol was effected by the thionyl
chloride pyridine procedure® The product of this reaction
was saponified without further purification by refluxing
overnight with 109, sodium hydroxide solution in 509,
methanol. After the distillation of the methanol the
alkaline solution was extracted once with ether, cooled and
acidified with hydrochloric acid. The oily acid which
separated was extracted with ether and the extracts con-
centrated ¢z vacuo. On trituration with a small amount of
methanol in the cold, the residue crystallized. On re-
crystallization from dilute methanol the product, 7 g.
(15%,), melted at 123-124°,

Anal. Caled. for CyHg05: C, 74.42; H, 8.08. Found:
C, 74.45; H, 8.24.

This material was resistant to catalytic hydrogenation
with an active platinum catalyst at room temperature
and 30 pounds pressure.

1-Methyl-1-propionyl-3-ethyl-4-( p-methoxyphenyl)-A3-
cyclohexene (VII).—To 7 g. of VIa in 50 cc. of dry benzene
was added 10 cc. of purified thionyl chloride and a drop of
pyridine. After standing overnight at room temperature
the excess reagent and benzene were removed by distilla-
tion #n vacuo. The residue was dissolved in 100 cc. of dry
toluene and treated dropwise at 0-5° with an excess of di-
The mixture was allowed to warm

(8) Chuang, Tien and Ma, Ber., 69, 1400 (1936).
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to room temperature and at the end of four hours was de-
composed by the addition of ethanol and cold dilute hydro-
chloric acid. The toluene layer was washed with alkali,
concentrated and the residue distilled. The product, 7 g.,
b. p. 150-155° at 0.1 mm. could not be obtained analyti-
cally pure by fractionation with the apparatus at hand.
The ketone group proved to be too inert for the char-
acterization of the compound by the usual carbonyl re-
agents.

1-Methyl-3-ethyl-4-( p-hydroxyphenyl)-A3-cyclohexenyl-
ethylcarbinol (IIT).—A mixture of 5 g. of the ketone, 5 g.
of potassium hydroxide and 150 cc. of ethylene glycol was
refluxed at 200-220° for four hours. The solution was
then poured onto ice, acidified with hydrochloric acid,
diluted with 500 cc. of water and extracted with ether.
The ethereal extracts were washed with water, concen-
trated and the residue taken up in 50 cc. of benzene. The
phenolic material was extracted from the benzene solution
by shaking with 59 sodium hydroxide in 509, alcohol
solution. The alcohol was removed from the alkaline
extract by distillation and the aqueous residue acidified
with hydrochloric acid. The oil was then extracted with
ether, the extracts concentrated and the residue distilled.
The product, a pale yellow glass, b. p. 175-180° at 0.1
mm. (3 g., 60%,) could not be crystallized. A portion was
converted to the p-nitrobenzoate, m. p. 127-128°.

Anal. Caled. for CguHxO;N: C, 70.88; H, 6.90.
Found: C, 70.95; H, 7.40.

1-Methyl-4-(p-methoxyphenyl)-cyclohexenecarboxylic
Acid (VIb).—To the Grignard reagent from 35 g. of p-
bromoanisole and 2.8 g. of magnesium in ether was added
an ethereal solution of 34.0 g. of methyl 1-methyl-4-keto-
cyclohexanecarboxylate. The mixture was refluxed for
two hours, cooled and decomposed with cold dilute sul-
furic acid. The ether layer was separated, washed with
water and extracted with cold 5%, sodium hydroxide solu-
tion until free of acidic material. The alkaline extracts
were cooled and acidified with hydrochloric acid. The oil
which separated crystallized on standing in the refrigerator
overnight. It was then separated by filtration. Since a
test of a portion of the product indicated that it contained
an apprec1able quantity of neutral material, it was redis-
solved in ether. Acidic material was removed from the
ethereal solution by extraction with cold 59, alkali.
Acidification of the alkaline extracts gave 12 g. of crystal-
line product. After four recrystallizations from methanol
it melted at 137~137.5°. The material decolorized potas-
sium permanganate solution.

Anal. Caled. for CieHisO;: C, 73.17; H, 7.37; 1mnol.
wt., 246.3. Found: C, 73.58; H, 7.78; mol. wt., 249.0.

Lactone of 1-Methyl-4-hydroxy-4-(p-methoxyphenyl)-
cyclohexanecarboxylic Acid (VIII).—The combined ethe-
real solutions of the neutral material was concentrated in a
boiling water-bath in vacuo. A low boiling fraction, b. p.
75° at 0.1 mm., which consisted largely of anisole was re-
moved. The residue was dissolved in boiling petroleum
ether (60-90°). The material which precipitated on cool-
ing was separated by filtration. On recrystallization from
petroleum ether the product, 6 g. melted at 114-115°,

Anal. Caled. for CsHy30s: C,73.17; H,7.37. Found:
C, 73.26; H, 7.34.

The product was saturated to potassium permanganate
solution. It was insoluble in cold alkali, dissolved slowly
on refluxing with alkali and was reprecipitated by acidifica-
tion with mineral acids. The lactone (VIII) could be
converted to the unsaturated acid (VIb) by saponification
with aqueous alkali followed by distillation of the water
in vacuo. The gelatinous residue was heated with potas-
sium acid sulfate and dry tetralin for one hour. The
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tetralin was removed by distillation % vacuo and the resi-
due treated with dilute hydrochloric acid. The crystalline
precipitate after four recrystallizations from methanol,
melted at 137-137.5°.
1-Methyl-4-(p-methoxyphenyl)-cyclohexanecarboxylic
Acid (IX).—A solution of 6.5 g. of 1-methyl-4-(p-methoxy-
phenyl)- Ad-cyclohexenecarboxylic acid in 100 cc. of
glacial acetic acid absorbed the theoretical quantity of
hydrogen in fifteen minutes using Adams platinum oxide
catalyst at a pressure of 2 atms. at room temperature.
The catalyst was removed by filtration and the solvent re-
moved by distillation ¢n vacuo. The product after three
recrystallizations from petroleum ether melted at 112-

115°. No further attempt was made to separate the
isomers.
Anal. Caled. for CisHgO;: C, 72.55; H, 8.12. Found:

C, 72.46; H, 8.12.

Methyl 1-Methyl-4-(p-methoxyphenyl)-cyclohexane-
carboxylate.—Reaction of the acid with diazomethane in
the usual manner gave a quantitative yield of the ester,
b. p. 140-145° at 0.1 mm.

Anal. Caled. for CmszOa:
C, 73.33; H, 8.60.

1-Methyl-1-propionyl-4-( p-methoxyphenyl)-cyclohex-
ane.—In the same manner as described above for the homol-
ogous compound, (IX) was converted to the acid chlo-
ride and treated with diethyl zinc. The product of the
reaction was a clear mobile oil, b: p. 140-145° at 0.03 mm.
As in the case of (VII) the product was contaminated with
a more highly oxygenated material and could not be ob-
tained in analytical purity.

1-Methyl-4-( p-hydroxyphenyl)-hexahydropropiophenone
(XI).—A mixture of 1.0 g. of ketone, 10 cc. of 409, hydro-
bromic acid and 25 cc. of glacial acetic acid was refluxed
for three hours. The acids were remoéved by distillation
in vacuo and the residual oil dissolved in 109, sodium
hydroxide solution. The clear alkaline solution was
shaken with 1 cc. of benzoyl chloride and the benzoate
which separated immediately removed by filtration. On
recrystallization from dilute ethanol it melted at 96-97°

Anal. Caled. for CyaHgO3: C, 78.82; H, 7.48. Found:
C, 78.64; H, 742,

The benzoate was refluxed for twelve hours with 50 cc.
of 5% sodium hydroxide in 509, alcohol. The alcohol was
removed by distillation, the aqueous residue cooled, ex-
tracted with ether to remove a little unsaponified mate-
rial, acidified with hydrochloric acid and extracted with
ether. The ethereal extract was washed with bicarbonate
solution until free of benzoic acid, and was then concen-
trated. The residue crystallized rapidly. On recrystal-
lization from benzene-petroleum ether the product (0.6
g., 609,) melted at 142-143°.

Aﬂdl. Calced. for C]eszOz!
C, 77.80; H, 8.83.

Acknowledgment.—We wish to thank Mrs. L.
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work.

C, 73.25; H, 8.45. Found:

C,78.01; H,9.00. Found:

Summary

The preparation of 1l-methyl-3-ethyl-4-(p-hy-
droxyphenyl)- A3-cyclohexenylethylcarbinol  an
“open-model” of estradiol, has been described.
By the same general procedure 1-methyl-4-(p-hy-
droxyphenyl)-hexahydropropiophenone, related to
an ‘‘open-model” of estrone, has been prepared.
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