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REPLACEMENT OF A CARBONYL GROUP OF CYCLIC KETONES BY A
SULFUR OR A NITROGEN ATOM. A NEW METHOD FOR TRANSFORMATION
OF STEROIDAL KETONES INTO THIA- OR AZASTEROIDSI)

*
Hiroshi SUGINOME and Shinji YAMADA
Organic Synthesis Division, Department of Chemical Process Engineering,

Faculty of Engineering, Hokkaido University, Sapporo 060

We describe a new and versatile method for transforming cyclic
ketones into cyclic sulfides or cyclic amines with the same ring
size via five-step procedure. The transformation is stereospecific
with regard to the chiral center adjacent to the carbonyl group of
the ketones.

There are relatively few general methods available for effecting the

2)

synthesis of thia- and azasteroids. In this communication, we wish to report a
new efficient general method of achieving the synthesis of thia- and azasteroids
by replacing the carbonyl group of steroidal ketones by a sulfur or a nitrogen
atom. The method may generally be applicable to transformations of cyclic ketones
into cyclic sulfides and cyclic amines with the same ring size as the starting
ketones. The transformation is stereospecific with regard to the chiral center
adjacent to the carbonyl group of the ketones.

The transformation of 5a-cholestan-3-one (}) into 3-thia—(Z) and 3-aza-5a-
cholestanes (9) shown in Scheme 1 exemplifies our new method. Thus, a mixture of
oily iodo for&ates (g and §) obtained by a three-step procedure3) from ketone (1)
via mixtures of lactones (2) and lactols (3) was treated with trimethylsilyl
iodide4) in carbon tetrachloride to give 2,3-diiodo-2,3-seco-A-nor-5a-cholestane
(§)5) in an 87% yield. The treatment of diiodide (§) in ethanol with sodium
6,7) in a 93% yield. The

treatment of diiodide, on the other hand, in dioxane with either benzylamine or

)

sulfide under reflux gave 3-thia-5a-cholestane (7)

propylamine under reflux gave N-benzyl—(8)8 or N-propyl-3-aza-5a-cholestane (9)9)

in 66% and 62% yields. Removal of the benzyl group of 8 by hydrogenolysis

~,10)

catalyzed with PtO2 readily gave 3-aza-5a-cholestane (10) which was isolated

as the crystalline hydrochloridell)

in an 82% yield.
The transformation of steroidal l16-one into l6-aza- and l6-thiasteroids can
similarly be achieved. Thus, a mixture of iodo formates (12 and 13) obtained via

3 steps3)

from 50~androstan-16-one (1l1) was subjected to the reaction with
trimethylsilyl iodide in carbon tetrachloride at 60 °C for 48 h to yield a
12) in a 93% yield. The treatment of 14 either with

sodium sulfide in ethanol or with benzylamine in dioxane afforded 16-thia-5a-
13)

crystalline diiodide (14)

androstane (15) or N-benzyl-l6—aza-5a-androstanel4)(16) in 85% and 69% yields,

respectively.
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An attempt to transform 5a-cholestan-6-one (17) into 6-thia-5a-cholestane by
this 5 step procedure was, however, unsuccessful; a formate 18 obtained via 3

3) was treated with trimethylsilyl iodide in

steps from 5a-cholestan-6-one (}Z)
carbon tetrachloride at 60 °C for 6 h to give 5,6-diiodo-5,6-seco-B-norcholestane
(19) . Treatment of this diiodide with sodium sulfide led only to the elimination
of HI to give a 5,6-seco-B-norcholest-4-ene and failed to give 6-thiasteroid. 6-
Thia-5B8-cholestane (g%)}s) however, was obtained via 3 steps from formate (}?) by
means of an alternative procedure. Thus, treatment of %g with DIBAL in hexane at
-78 °C gave 6-iodo-5,6-seco-B-norcholestan-5g-0l (g%) in a 90% yield. 1Its mesyla-
tion with mesyl chloride-pyridine to give the corresponding mesyl ester (2%)
followed by the treatment of the latter with sodium sulfide in ethanol ga;e
hitherto unknown 6-thia-58-cholestane (25)15) in a 40% yield.

A survey of the literature indicat;s that only a few thiasteroids have
previously been synthesized in rather poor overall yields?'7) Thia- and
azasteroids can be obtained in a far simpler manner by the present method.
Application of this method to the synthesis of a variety of thia- and azasteroids
and the related heterocyclic compounds is under investigation and will be

reported in due course.
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