Communications

I
CH CO(CH,),

iii

identical with the lactone prepared from 8 by hydrolysis and acetylation.
This confirms the trans relationship between the methyl and side chain in
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A Convenient Synthesis of Progesterone from
Stigmasterol

Summary: A convenient synthesis of progesterone from
stigmasterol is described involving as the key step the high
yield photooxygenation of the 20-aldehyde 5 to the 20-ketone
10.

Sir: One of the most important manufacturing processes! of
the female sex hormone progesterone (1), which is also a key
intermediate in the synthesis of corticosteroids, starts with
stigmasterol (2). The final steps involve selective conversion
of the aldehyde 3 to the 22-enamine 4, followed by oxidation
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under a variety of conditions (ozonization, photooxidation)
to progesterone.

During a recent synthesis? of novel marine sterols, we en-
countered an unexpected oxidation reaction: epimerization
of aldehyde 5 with methanolic potassium hydroxide for 60 h,
followed by reduction with lithium aluminum hydride yielded,
in addition to the expected mixture of alcohols 6, the epimeric
20-hydroxy pregnane derivatives 7 in 35% yield (Scheme I).
This side reaction, which probably proceeds via the inter-
mediate hydroperoxide® 9, prompted a more detailed study
which has now resulted in a simple one-step conversion of the
aldehyde 5 into the corresponding 20-ketone 10 and thence
to progesterone (1).
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Stigmasterol (1) can be converted in excellent overall yield*
to the 22-aldehyde 5, 1.0 g of which was dissolved in 50 mL of
10% methanolic potassium hydroxide solution and cooled to
0 °C. After the addition of 15 mg of rose bengal sensitizer,
oxygen was bubbled through the solution for 10 min with
continuous irradiation from a 1000 W tungsten lamp. The
reaction mixture was poured into water, extracted with ether,
and washed successively with dilute hydrochloric acid, satu-
rated sodium bicarbonate solution, and water. Evaporation
of the dried ether extract gave the 20-ketone 10, which was
directly hydrolyzed by heating for 15 min under reflux in 20%
aqueous dioxane containing 100 mg of p-toluenesulfonic acid,
to afford the standard progesterone precursor pregn-5-en-
38-01-20-one (11) in 94% overall yield (based on 5). The Op-
penauer oxidation of 11 to progesterone (1) is a standard
commercially utilized operation.®

When the reaction was carried out in the absence of light
or of the sensitizer no detectable amount of the ketone 10 was
formed. Under identical conditions, but in the presence of
Dabco,? a singlet oxygen quencher, only a 35% conversion (GC
analysis) to 10 was realized. These reactions confirm that the
20-ketopregnane 10 is formed by a photooxidation process
probably via the dioxetane intermediate 12 formed from the
enol 8 by a (2 + 2) cycloaddition process” with singlet oxy-
gen,

The reaction sequence outlined in this communication,
coupled with the facile high-yield conversion? of stigmasterol
(2) to the 22-aldehyde 5, provides a very efficient and rela-
tively inexpensive method for the synthesis of pregnenolone
(11) and hence of progesterone.

An attempt was also made to eliminate the need for the i-
methyl ether protecting group of 5 by carrying out the sensi-
tized photooxygenation directly on the unprotected keto al-
dehyde 3. While progesterone (1) was formed in 60% yield, it
was invariably contaminated by ~10% each of the 6-keto al-
dehyde 138 and the trione 14,° thus making this alternative
and much shorter synthesis of progesterone (1) a less efficient
one.
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