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The Degradation of 6-Methoxy-bisnor-i-cholenic Acid

By BYRON RIEGEL AND EDWIN W. MEYER

In a previous communication,! the preparation
of 6-methoxy-bisnor-i-cholenic acid from stigmas-
terol was reported. This acid presents a new inter-
mediate for side chain degradation by the Barbier—
Wieland? procedure since it has been shown that
the i-ether configuration is stable to the Grignard
reagent.?

In the cholenic acid series, the critical step
proved to be the dehydration of the i-ether-di-
phenylcarbinol. The elimination of water was
accomplished with alumina in boiling xylene.
However, this method failed in the present bisnor-
cholenic acid series. The choice of a suitable de-
hydration reagent is considerably limited by the
ease of rearrangement of the ¢-ether configuration
under acidic conditions. Thus far all attempts to
effect dehydration without damage to the i-
ether structure have been unsuccessful.

6 - Methoxy - ternor -4 - cholenyldiphenylcarbinol
(II) was prepared in two independent fashions:
(a) by the reaction of methyl 6-methoxy-disnor-i-
cholenate (I) with phenylmagnesium bromide
and (b) by the conversion of 3-p-toluenesulfon-
oxy-ternor-5-cholenyldiphenylearbinol (III) into
the i-ether. This diphenylcarbinol (II) is an
interesting example of a levorotatory (—11°) -
ether; however, it has a much smaller levorota-
tion than the normal methyl ether (IV, —84°).
The carbinol (II) undergoes simultaneous dehy-
dration and rearrangement of the i-ether struc-
ture when its acidified methanol solution is boiled.
The product of this reaction, 3-methoxy-22,22-
diphenyl-bisnor-5,20-choladiene (V), was also
obtained from the p-toluenesulfonoxy-diphenyl-
carbinol (III) on treatment with methanol. The
structure of the disnor-choladiene (V) was further
established by its synthesis from methyl 3-meth-
oxy-bisnor-5-cholenate ¢ia the diphenylcarbinol
(Iv).

Since attempted dehydration of the diphenyl-
carbinol (II) was unsuccessful, the oxidative deg-
radation of the corresponding diphenylethylene
(VII) was studied. The i-ether-ethylene (VII)
was readily obtained from the 3-p-toluenesul-
fonoxy derivative (VI} by reaction with methanol
containing potassiumn acetate. The cleavage of
the double bond of 1,1-diphenyl-2-methyl-2-(6-
methoxy - e#70 - 7 - cholenyl)-ethylene was accom-
plished through ozonolysis; however, no attempt
was made to isolate the intermediate 6-methoxy-
i-pregnene-20-one* (VIII). By decomposition of
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the ozonide in methanol containing sulfuric acid,
there resulted 3-methoxy-5-pregnene-20-one (IX)
which was separated by chromatography of the
crude reaction product. When 6-methoxy-i-
pregnene-20-one (VIII) was heated in a solution
of glacial acetic acid and zinc acetate it was con-
verted into pregnenolone acetate (X).

Evidence indicates that the i-ether derivatives
are not suitable for easy stepwise degradation of
bile-acid side chains by the Barbier-Wieland
method because «of the difficulty in elimination of
water from the fermor-cholenyl carbinols. This
critical step is being further investigated. Never-
theless, the t-ether structure affords sufficient
protection for the 3-hydroxyl group and the 5-6
double bond during the cleavage of side-chain
double bonds such as that existing in the diphenyl-
ethylenes encountered in the Barbier—-Wieland
degradation process. This method of protection
should have considerable merit in those instances
where the nuclear double bond cannot be selec-
tively brominated.

The authors wish to thank the Abbott Labora-
tories, the Glidden Company and the Upjohn
Company for the financial aid and cotperation
which made this work possible.

Experimental®

6-Methoxy-fernor-i-cholenyldiphenylcarbinol  (II).—A
solution of 1.45 g. of methyl 6-methoxy-bisnor-i-chole-
nate! in 20 ml. of dry ether was added slowly, with agitation,
to a solution of phenylmagnesium bromide prepared from
6.08 g. of bromobenzene and 0.94 g. of magnesium in 50 ml.
of ether. After stirring for three hours, about 50 ml. of
ether was removed by distillation and replaced with dry
toluene. The opalescent mixture was warmed on a stearm-
bath for two hours and then decomposed with ice and am-
monium chloride. The ethereal extract was washed free
of acids and steam distilled. The residue, a yellow gum,
was dissolved in ether. The orange sirup remaining after
removal of solvent from the washed and dried ether solu-
tion crystallized upon addition of methanol to its acetone
solution. By repeated crystallization from acetone, the
product, 1.18 g. of solid melting at 150-157°, was freed of a
small quantity of less soluble impurity which melted at
221-228°. The major fraction, of greater acetone solu-
bility, yielded a white crystalline solid melting at 168-171°,
This material showed no depression in melting point when
mixed with the carbinol prepared from 3-p-toluenesul-
fonoxy-ternor-5-cholenyldiphenylcarbinol. It was later
found that the crude carbinol can be purified readily by
sublimation at 130-140° in a vacuum of 10~4 mm.

3-p-Toluenesulfonoxy-ternor-5-cholenyldiphenylcarbinol
(1II).—A mixture of 3.08 g. of 3-hydroxy-terror-5-cholenyl-
diphenylcarbinol®and 2.0 g. of p-toluenesulfonyl chloride in
5.0 ml. of dry pyridine was warmed on a steam-bath to
effect solution and allowed to stand overnight. The
crystalline mass was taken up in ether and water, dilute
hydrochloric acid added, and the mixture extracted with
ether. The ether layer was washed successively with di-
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lute hydrochloric acid, dilute alkali, and water. The white
solid remaining after removal of solvent from the dried
ether solution was crystallized from acetone—petroleum
ether (b. p. 30-60°) yielding 3.04 g. of silky, white needles,
melting at 120-133° (dec.). Two recrystallizations from
acetone—petroleumn ether and one from acetone raised the
melting point to 134-134.6° (dec.); [a]*p —74.64° (28.3
made to 2 ml. with chloroform, a*p —1.06°, 1, 1 dm.)
The ease of dehydration probably accounts for the high
carbon analyses.
Anal. Caled. for CyHwxO,S: C, 77.07; H, 7.88.
Found: C, 77.85,77.98; H, 7.92, 8.20.
6-Methoxy-fernor-i-cholenyldiphenylcarbinol () from
the p-Tosylate (IIl).—The p-toluenesulfonoxy-carbinol
(2.54 g.) was dissolved in 200 ml. of dry methanol contain-
ing 2.0 g. of freshly-fused potassium acetate and the solu-
tion was refluxed for three and one-half hours. After
removing the major portion of the alcohol by distillation,
the residue was diluted with water and extracted with
ether. The ether extract was washed with water; dilute
sodium bicarbonate solution, water and dried. The solu-
tion contained 1.94 g. of a white solid which on crystalliza-
tion from acetone yielded 1.61 g. (81.79,) of material
melting at 163-168°. Several recrystallizations from ace-
tone gave clusters of stout needles melting at 171.5-
172.5°%; [«]**p —10.97° (21.5 mg. made up to 2 ml. with
chloroform, «?*p —0.118°,1,1dm.).
Anal. Calced. for Cyu3HyeOs: C, 84.28; H, 9.30.
C,84.66; H,9.53.
3«Methoxy-ternor-5-cholenyldiphenylcarbinol (IV).—A
solution of 1.60 g. of methyl 3-methoxy-bismor-5-cholen-

Found:

atelin 25 ml. of dry ether was added dropwise with stirring
to an ether solution (50 ml.) of phenylmagnesium bromide
prepared from 6.72 g. of bromobenzene and 1.04 g. of mag-
nesium. After stirring for one hour, the solution was con-
centrated to 20 ml. by distillation, 50 ml. of dry toluene
was added, and then warmed on the steam-bath for one
hour. The opalescent mixture was decomposed with ice
and dilute hydrochloric acid and extracted with ether. The
ether layer was washed with water, dilute sodium hy-
droxide solution and water; then it was steam distilled to
rid it of biphenyl. The remaining yellow gum was taken
up in ether, the ether solution washed as before and dried
over anhydrous sodium sulfate. The yellow sirup re-
maining after the removal of solvent crystallized upon the
addition of methanol to its acetone solution. The solid
weighed 1.80 g. (859,) and melted at 150-156°. After
treatment with charcoal and @rystallizing five times from
acetone-methanol, the product, long, white needles, melted
at 164.5-166.5°; [a]*D —84.31 (34.8 mg. made up to 2
ml. with chloroform, «p —1.467°, 1, 1 dm.).

Anal. Calced. for C;HyeOs: C, 84.28; H, 9.30. Found:
C,84.19; H,9.33.

3-Methoxy-22,22-diphenyl-bisnor-5,20-choladiene (V):
(a) By Dehydration of the Carbinol (IV).—A solution of
500 mg. of the 3-methoxycarbinol in 10 ml. of glacial
acetic acid was refluxed for three hours. The crystalline
precipitate which formed upon slow addition of water to
the chilled solution was filtered, washed with water and
dried. The product, 480 mg. (99%,) of material melting at
175-182°, after four crystallizations from acetone—chloro-
form yielded long, white needles melting at 188-189.5°;
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{a)®D +212.2° (27.9 mg. made up to 2 ml. with chloro-
form, a®*p + 2.907°, 1/, 1dm.).

Amnal. Caled. for CHuO1/,H,O: C, 85.33; H, 9.27.
Found: C, 86.03, 86.26; H, 9.40, 9.27.

More rigorous drying in vacuo over boiling toluene pro-
duced an anhydrous product.

Anal. Caled. for CysH,O: C, 87.44; H, 9.23. Found:
C,87.80; H,9.55.

(b) From 3-p-Toluenesulfonoxy-iernor-5-cholenyldi-
phenylcarbinol (IIT).——A mixture of 200 mg. of the p-
toluenesulfonate and 35 ml. of anhydrous methanol was
refluxed for six hours. The solid dissolved slowly. Upon
cooling, fine white needles formed. The mass was diluted
with water, filtered, and washed with water yielding 120
mg. of dry material melting at 182-186°. One recrystal-
lization from acetone raised the melting point to 185-
187.5°. A melting point of a mixture with the material
described above showed no depression.

(¢) From 6-Methoxy-ternor-i-cholenyldiphenylcarbi-
nol RII).—A suspension of 500 mg. of the i-ether carbinol
(IT1) in 50 ml, of dry methanol containing five drops of
concd. sulfuric acid was refluxed for five hours. The
carbinol was not overly soluble, but was soon replaced by
less soluble, finely divided substance. After cooling, water
was added slowly. The precipitated material was filtered,
washed with water and dried yielding 460 mg. of material
melting at 175-185°. Two crystallizations from acetone—
chloroform gave clusters of white needles at 185.5-187°. A
melting point of a mixture with authentic ethylene (188-
189.5°) gave no indication of depression.

3-p-Toluenesulfonoxy-22,22-diphenyl-bisnor-5,20-chola-
diene (VI).—A mixture of 2.06 g. of 3-hydroxy-22,22-
diphenyl-bisnor-5,20-choladiene, 2.0 g. of p-toluenesulfonyl
chloride and 3 ml. of dry pyridine was warmed on a steam-
bath to effect solution and allowed to stand at room tem-
perature for twenty-four hours. The crystalline mass was
taken up in ether and water and the ether layer extracted
with dilute hydrochloric acid, dilute sodium carbonate
solution and water. After drying the solution and re-
moving the solvent, a yellow sirup remained. On crys-
tallization from acetone-methanol there was obtained
2.24 g. (849,) of white crystalline material melting at
130-140° (dec.). Three recrystallizations from the same
solvents yielded white, tapering rods melting at 137-
137.5° (dec.) [«]**D + 194.4° (50.5 mg. made up to 2 ml.
with carbon tetrachloride, «2®p + 4.91°1, 1 dm.). The
sample for analysis was dried in vacuo at room tempera-
ture to prevent decomposition.

Amnal. Caled. for C4Hu0,S: C, 79.31;
Found: C,79.79; H,7.94.
1,1-Diphenyl-2-methyl-2-(6-methoxy-etio-i-cholenyl )-
ethylene (VII).-—A mixture of 790 mg. of the p-toluene-
sulfonate and 4.0 g. of fused potassium acetate in 40 ml. of
dry methanol was refluxed for five hours. The p-toluene-
sulfonate went into solution slowly. Water was added
and the precipitated solid filtered, washed with water and
dried. Crystallization from acetone gave 510 mg. (83%)
of small, white crystals melting at 173-178°. After re-
peated crystallization from acetone, the product, small
clear cubes, melted at 180-181.4°, [«]?*p + 320.8° (83.2
mg. rr)lade up to 2 ml. with chloroform, «%*p + 13.72°, I,
1dm.)).

Anal. Caled. for C;yH,O: C, 87.43; H, 9.23. Found:
C,87.68; H, 9.45.

H, 7.79.
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Rearrangement of 1,1-Diphenyl-2-methyl-2-(6-meth-
oxy-etio-i-cholenyl)-ethylene ?VII) to the Normal Ether
(V).—A suspension of 370 mg. of the j-ether ethylene in
40 ml. of dry methanol containing four drops of concd.
sulfuric acid was refluxed for three hours. A crystalline
solid separated during the reflux period. The mixture was
diluted with water and the solid filtered, washed with water
and dried. The white solid weighed 350 mg. and melted
at 182-185°. Several recrystallizations from acetone
raised the melting point to 187-188°. This material
showed no depression in melting peint when mixed with
an authentic sample of 3-methoxy-22,22-diphenyl-bisnor-
5,20-choladiene.

Ozonization of 1,1-Diphenyl-2-methyl-2-(6-methoxy-
eti0-i-cholenyl)-ethylene (VII).—Ozone (3%, O; by volume
at 1 liter/min.) was bubbled through a solution of 3.0 g.
of the f-ether in 100 ml. of carbon tetrachloride for 20
minutes at room temperature. After removal of the
solvent ¢n vacuo, the sirupy residue was dissolved in 100 ml.
of dry methanol containing ten drops of comcd. sulfuric
acid, refluxed for two hours and diluted with water. An
ether extract of the reaction mixture was washed with
water, dilute alkali, water and dried. The residue, 1.9 g.
of an orange sirup, remaining after removal of ether and
treatment with charcoal in methanol was dissolved in
40 ml. of hexane and 10 ml. of benzene and chromato-
graphed over an alumina column (1.5 cm. X 14.5 cm.).
Elution with hexane-benzene (4:1) yielded an intermedi-
ate fraction of 0.5 g. which crystallized upon standing.
One crystallization from aqueous methanol gave 0.35 g. of
white solid melting at 115-120° after softening at 107°.
A recrystallization from methanol raised the melting point
to 120-124°. A sample when mixed with pregnenolone
methyl ether! showed no depression in melting point.

Pregnenolone Acetate (X) from 6-Methoxy-s-pregnene-
+20-one (VIII).—A mixture of 340 mg. of the i-ether, 500
mg. of dry zinc acetate, 1.0 ml. of acetic anhydride and 25
ml. of glacial acetic acid was refluxed for two hours.
The mixture was diluted with water, the solid filtered,
washed with water and dried. The product, 300 mg. of
slightly tan plates, was treated with charcoal and crystal-
lized from methanol yielding 260 mg. of white, granulatr
crystals melting at 146-149°. This material gave no de-
pression in melting point when mixed with-a sample of
pregnenolone acetate.’

Summary

1. 6-Methoxy - ternor -1 - cholenyldiphenylcar-
binol was prepared by the reaction of methyl 6-
methoxy-bisnor-i-cholenate with phenylmagne-
sium bromide and by the reaction of 3-p-toluene-
sulfonoxy-fernor-5-cholenyldiphenylcarbinol with
methanol in the presence of potassium acetate.

2. Attempts to dehydrate this carbinol with-
out destruction of the z-ether configuration were
unsuccessful.

3. The preparation and ozonolysis of 1,1-
diphenyl-2-methyl-2-(6-methoxy-etio-i-cholenyl)-
ethylene are described.
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