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R.P. Stein, G.C. Buzby Jr., G.H. Douglas and Herchel Smith
Research Division, Wyeth Laboratories Inc.,
Radnor, Pennsylvania
(Received in USA 29 May 1967)
We wish to report various novel reactions and intermediates which permit the development
of efficient total syntheses of a wide variety of 11-6Xygenated steroids from intermediates

1,2
’ equilin,3 and other steroid

which have previously been converted to estr:one,l'2 equilenin,
hormones.

The dl-diol III,3"5 with m-chloroperbenzoic acid in benzene-hexane, gave the epoxydiol
IV,6 wm.p. 176-1780, Amax 235 mu (e 12,900).7 The same product was more conveniently obtained
directly from the dl-estratetraene I2 by treatment with 2 equivalents of the peracid in ben-
zene-hexane, the formation of IV presumably involving the acid-catalyzed rearrangement of the
initially produced epoxide II3 and epoxidation of the resulting III. Methanolic HCl at or
below room temperature transformed IV to the ll-oxo-estratetraene VI, m.p. 210-2130, A\nax
247 my (¢ 17,300), probably through formation and dehydration of the ketol V. The overall
yield for the five stage sequence I - VI was 52%. Refluxing methanolic HCl or methanolic NaOH
epimerized VI to VII, m.p. 108-1120, xmax 243 my (e 16,150), evidently through the correspond-
ing 8(14), 9(ll)-dienol or dienolate anion. Catalytic hydrogenation over palladized charcoal
in dimethylformamide converted VI to an estratriene m.p. 175-177° (ethanol solvate) formulated
as VIIIL. Sodium borohydride reduction of VIII followed by treatment of the resulting 11,17-
diol with methanesulfonyl chloride in pyri.cli.ne-d1methy1formmu:i.de8 gave the formate X, m.p. 1l17-
1190, Amax 239 mu (e 18,400), which was converted with methanolic sodium hydroxide to the
estratetraenol XI, m.p. 114»2-11&50 (propan-2-ol solvate), Apax 258 my (e 19,800). Lithium in
aniline-1liquid ammonia converted X to dl-3-methoxy-8x-estra-1,3,5(10)-trien-178-o0l XII, m.p.
1(2-101&0, identical with an authentic sample,9 thereby confirming the structures of VI and XI.
Notably, had the metal-ammonia reduction given a trans-BC ring junction, the resulting trans-

syn-trans-stereochemistry would have required ring C in the 9-epimer of XII to assume a boat

conformation.
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VI was converted by lithium-ammonia reduction in 60% yield to the ll-oxo-estratriene
XIII m.p. 177-180° and transformed thence with sodium borohydride in methanol to the' diol XIV.
After treatment with methanesulfonyl chloride in dimethylformamide and saponification of the
resulting 17-formate, XIV gave the previously prepared dl-steroid XV,2 m.p. 128-1300, thereby
confirming the 8p-stereochemistry of XIII. The 9a-stereochemistry of XIII is consistent with
its proton NMR spectrum, which is closely similar in the aromat$c region to that reported for
g-3-methoxyeat:ra-1,3,5(10)-t:r:iene-11,17-dione,10 and is confirmed by its conversion with eth-
anolic KOH to a gummy 9-epimer displaying similar aromatic protort resonances to d-3-methoxy-
95-estra~1,3,5(10)-triene-11,17-dione.10 Various ll-oxo-9x-estra-1,3,5(10)-trienes and related
substances are known to undergo base catalyzed epimerization abt the 9-position.u-13 The form-
ation of what is apparently the less stable 9x-epimer by lithium-ammonia reduction of VI is
to be attributed to a kinetically-controlled protonation of the enola‘te anion IX formed by
the addition of two electrons and a proton to the substrate (c_.m). A related kinetically
controlled protonation of a 17(20)-en-20-olate anion has recently been elucidated in the dl-
18-methylpregna-1,3,5(10)-triene series. 15

XIV was also prepared]'6 from d1-XV by a previously established 4 stage sequence17 involv-
ing hydroboration of the 9(ll)-bond, and its llf-hydroxy configuration was confirmed by its
transformation, by the met:hod17 used for d-XIV, to the dl-androstenol XVI, m.p. 2]2-2150,

Amax 241 my (e 15,850), which was identical in UV, IR, and NMR spectra to the corresponding d-
enantiomorph, prepared from d-adrenosterone by reduction with lithvium aluminum hydride, oxi-
dation with 2,3-dichloro-5,6-dicyanobenzoquinone, and selective acetylation. The presently
described route from I to XIV via VI (overall yield ca. 24%) appears more efficient than the
alternate one involving the acid catalyzed transformation of an estra-1,3,5(10),8-tetraene to
the 9(11)-isomer,2"18 followed by the hydroboration-oxidation-reduction sequence,17_ chiefly
because of low yields and the formation of difficultly separable mixtures at the hydroboration
st:agel6 (c_:i.lg).
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