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Molecular Rearrangements in the Sterols.

II.” The Constitution of the Isomeric

Ethers of Cholesterol

By E. GILMORE FORD AND EVERETT S. WALLIS

In a recent article by Beynon, Heilbron and
Spring! on the constitution of the isomeric ethers
of cholesterol the conclusion was reached that the
abnormal dextrorotatory ethers, first discovered
by Stoll,? are ethers of epi-cholesterol, and that,
therefore, the constitution of the two series differs
only in the orientation of the groups associated
with the C; position of the cholesterol molecule.
This conclusion, which is in agreement with an
earlier interpretation by Stoll,*> but which has
since been abandoned by him,? is based upon cer-
tain results obtained by them from hydrogena-
tion experiments carried out on the two series of
ethers, and from an examination of their behavior
with nitric acid.

It is also to be noted that Butenandt and
Grosse* seem to hold to this same point of view,
for in their description of the preparation of de-
hydroandrosteryl chloride from dehydroandro-
sterone p-toluenesulfonate by the action of methyl
alcohol, and then of concentrated hydrochloric
acid on the methyl ether so obtained, they named
this strongly dextrorotatory intermediate com-
pound, epi-dehydroandrosterone methyl ether.

The high positive rotatory power of this ether,
however, has led Ruzicka, Goldberg and Bosshard®
to question this assumed constitution. These
authors point out that if one takes into considera-
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tion the values of the normal and of the e¢pf forms
of cholesterol, dehydroandrosterone, and andro-
stenediol, and also of the corresponding saturated
compounds, cholestanol, coprostanol, andro-
sterone and androstanediol, the methyl ether of
epi-dehydroandrosterone should exhibit a much
lower rotation. Following the more recent opin-
ion of Stoll,® who has suggested that the strongly
dextrorotatory ethers prepared from cholesterol
may be allocholesteryl ethers, these authors sug-
gest that the liquid dehydroandrosterone methyl
ether may also belong to the allo series.

Beynon, Heilbron and Spring,® however, object
to the point of view that during the formation of
these abnormal ethers the AS-ethylenic linkage
has migrated to the A*-position. Their reason is
based upon the fact that these compounds fail to
give with antimony trichloride the deep pink color
reaction which has been observed to take place
with allo-cholesterol, and with pseudocholestene.

In the first article of this series” certain experi-
mental results were reported on the action of an-
hydrous potassium acetate on cholesteryl p-
toluenesulfonate in acetic anhydride solution.
The preparation of a new isomer of cholesterol,
called i-cholesterol, m. p. 74-75°, [«]*D +23.9,
was described. Some important chlemical prop-
erties of this new compound were also recorded.
From the chemical behavior of this new substance
the authors concluded that this reaction is accom-

panied by a molecular rearrangement—a fact
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which could be expected on the basis of the elec-
tronic conception of molecular rearrangements.
A formulation of the constitution of this new iso-
mer was also tentatively suggested, based upon a
type of rearrangement which is known to take
place in certain terpenes, but which hitherto has
been unobserved in sterol chemistry.

From a study of the chemical properties of this
compound there also emerged the fact that a close
relationship exists between it and the ‘‘abnormal”’
ethers of Stoll.? Both types of compounds are
strongly dextrorotatory. Catalytic hydrogenation
under certain conditions gives the same hydro-
carbon, cholestane.

This close relationship has been investigated
further and we are now able to report that the so-
called “cis-cholesteryl ethers” are in reality ethers
of i-cholesterol. For, if one methylates ¢-choles-
terol by treating its potassium salt with methyl
iodide, an ether is obtained which melts at 78—
78.5°, and when intimately mixed with an authen-
tic specimen of the methyl ether prepared by
Stoll’s? method gives no depression of the melting
point. This methy! ether is also dextrorotatory,
[a]®D +54°. The recorded rotation? for ‘‘cis-
cholesteryl methyl ether is [«]*®p +55.

In order to further prove beyond any question
of doubt that this dextrorotatory methyl ether is
1ot the methyl ether of epi-cholesterol, some epi-
cholesterol prepared according to the method of
Marker® was methylated by the action of methyl
iodide on its potassium salt. This methyl ether
melts at 89° and in chloroform solution is strongly
levorotatory, [«]¥D —46.5. ,

In conclusion, our experiments also seem to es-
tablish the fact that these “‘abnormal’ ethers are
not of the allo-cholesterol series, since the parent
substance, ¢-cholesterol, is neither allo-cholesterol
nor epi-allo-cholesterol. Therefore, until evidence
is forthcoming to the contrary we are of the belief
that the constitution and properties of these
highly interesting compounds can be described
best by a formulation which involves a molecular
rearrangement, and which was tentatively sug-

gested in Part I of this series.
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Experimental Part

Preparation of the Methyl Ether of {-Cholesterol.—To
an anhydrous henzene solution of 51 milligrams of i-
cholesterol, m. p. 74-75°, [a]?’D +23.9, there was added
an excess of finely divided potassium and the contents of
the flask were refluxed for forty-five minutes. An excess
of methyl iodide (3 cc.) was then added and the refluxing
was continued for three hours. On working up the prod-
ucts an oil was obtained which was taken up in boiling
methyl alcohol. An appreciable amount of oily material
remained undissolved. 'The contents of the flask were
allowed to cool to room temperature and the supernatant
liquid was removed. On {urther cooling at lower tempera-
ture, crystals separated which melted unsharply at 73°;
yield 55 mg. One recrystallization from methy! alcohol
gave well-defined crystals which melted sharply at 78-
78.5°, [a]*D +54° (10.2 mg. in 1.00 cc. CHCl; gave a??p
+0.55° in a 1-dm. Fischer micro tube). When mixed
with an authentic specimen of the methy! ether of m. p,
78.5° prepared by Stoll’s? method, no depression of the
melting point was observed.

Preparation of the Methy! Ether of ¢pi-Cholesterol.—
This ether was prepared essentially by the same method as
described above. The epi-cholesterol used in this experi-
ment was prepared according to the method of Marker,
Oakwood and Crooks.8 The refluxing with methyl iodide
was continued for two hours. On working up the product,
crystals were obtained which after recrystallization from
either methyl alcohol or acetone melted at 88-89°; [«]%%D
—46.3° (81.5 mg. in 2 cc. of CHC; gave a2 ~ 0.73°),

Anal. Caled.: C, 83.92; H, 12.08. Found: C, 84.04,
83.70; H, 11.75, 11.94,
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and for a grant-in-aid for this work.

Summary

The methyl ethers of i-cholesterol and epi-
cholesterol have been prepared and certain of
their physicial properties have been characterized.

Evidence is submitted which shows that the
“abnormal” dextrorotatory ethers of cholesterol,
first discovered by Stoll, and recently referred to
in the literature as “cis-cholesteryl ethers,”” are in
reality ethers of ¢-cholesterol, and that conse-
quently their formation by the action of anhy-
drous potassium acetate on cholesteryl p-toluene-
sulfonate in methyl alcohol solution is accom-
panied by a molecular rearrangement.
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