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We wish to report various novel reactions and intermediates which permit the development 

of efficient total syntheses of a wide variety of 11-oxygenated steroids from intermediates 

which have previously been converted to estrone, 1,2 equilenin, 1,2 equilin,3 and other steroid 

hormones. 
4 

The dl-diol 111,3'5 with cchloroperbensoic acid in beneene-hexane, gave the epoxydiol 

IV,6 m.p. 176-178', Imax 235 mu (s 12,900).7 The same product was more conveniently obtained 

directly from the g-estratetrsene I2 by treatment with 2 equivalents of the peracid in ben- 

eene-hexane, the formstion 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-estratetrsene VI, m.p. 2lD-21j", Imax 

247 mp, (s 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 NsOH 

epimerized VI to VII, m-p. 108-ll2', &x 243 mu (s 16,150), evidently through the correspond- 

ing 8(14), 9(11)-dienol or dienolate anion. Catalytic hydrogenation over palladised charcoal 

in dimethylformamide converted VI to an estratriene m-p. 175-177' (ethanol solvate) formulated 

as VIII. Sodium borohydride reduction of VIII followed by treatment of the resulting 11,17-, 

diol with methanesulfonyl chloride in pyridine-dimethylformamide8 gave the formate X, m.p. 117- 

119O, lmax 259 mp (s 18,400), which was converted with methanolic sodium hydroxide to the 

estrstetraenol XI, m.p. 142-145' (propan-2-01 solvate), Amax 258 mu (s 19,800). Lithium in 

aniline-liquid wrmonis converted X to ~-3-methoxy-80-estra-1,3,5(10)-trien-178-o1 XII, m.p. 

102-1D4°, identical with an authentic sample, 
9 

thereby confirming the structures of VI and XI. 

Notably, had the metal-ammonia reduction given s trans-8C 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 11-oxo-estratriene 

XIII m.p. 177-180' and transformed thence with sodium borohydride in methanol to the diol XIV. 

After treatment with methenesulfonyl chloride in dimethylfonaamide and saponification of the 

resulting 17-formate, XIV gave the previously prepared a-steroid XV,2 m.p. l28-130°, thereby 

confirming the @-stereochemistry of XIII. The %-stereochemistry of XIII is consistent with 

its proton m spectrum, which is closely similar in the aromatti region to that reported for 

A-3-methoxyestra-1,3,5(10)-triene-11,17-dione, 
10 

and is confirmed by its conversion with eth- 
.i 

anolic ROH to a guswry 9-epimer displaying similar sromatfc proton resonances to A-3-methoxy- 

9@-estra-1,3,5(10)-triene-11,17-dione. 
10 

Various 11-oxo-9a-estra-1,3,5(10)-trienes and related 

substances are known to undergo base catalyzed epimerisation at the 9-position. 
11-13 

The form- 

ation of what is apparently the less stable 9cY-epimer by lithium-ammonia reduction of VI is 

to be attributed to a kinetically-controlled protonation of the enolate anion IX formed by 

the addition of two electrons and a proton to the substrate w. 14). A related kinetically 

controlled protonation of a 17(20)-en-20-olate anion has recently been elucidated in the &- 

18-methylpregna-1,3,5(10)-triene series. 
15 

XIV was also prepared16 froma-XV by a previously established 4 stage sequence 
17 

involv- 

ing hydroboration of the 9(U)-bond, and its llg-hydroxy configuration wss confirmed by its 

transformation, by the method 
17 

used for-XIV, to the &-androstenol XVI, m.p. 2l2-215', 

Amax 241 mp (a 15,850), which was identical in UV, ,IR, and WMR spectra to the corresponding d- 

enantiomorph, prepared fromd-adrenosterone by reduction with lithium 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 2. - 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 
16 

stage (&9). 
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