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‘ Thermal and photolytic transformations of cyclic organic azides to cyanides with concomitant
ring contraction have been describedz. We now report the application of this transformation to
h-azido-A“’5-3-ketost§roids, and the utilization of X-ray crystallographic analysis in establish-
ing the structures of the resultant A-nor-5-cyano-3-ketosteroids.

Exposure of L~azido-h,6-androstadiene-3,17-dione (¥§)3 in refluxing toluene to a 250-Watt
photoflood lamp for 3.5 hr afforded 5B-cyano-A-nor-6-sndrostene-3,17-dione (?_E)h in T4¥% yield.
Similarly ;33 gave the A-nor-testosterone analog 2bs ¥33 gave the 16-methylene-1lTa~acetoxyproges—
terone analog 2c; and ;33 gave the A-nor-6-dehydrocortisone acetate analog gs.in comparable
yields,
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The formation of %& was shown to occur thermslly at the reflux temperature of the designated
solvent (toluene, 5 hr, T4%; benzene, 10 hr, 60% and 8% recovered 1ls; cyclohexene, 20 hr, T2%;
absolute ethanol, 20 hr, 69%; cyclohexane, 22 hr, 78% and pyridine, 16 hr, T3%) or photochemically
at 10-12° (toluene, 35002, 5 hr, 69%; 30002, 5 hr, 46%). At the shorter wavelength, additionally,
25% of the l3a-epimer (3) of 2a was obtained.

Compound 2g displayed the following characteristics: Bﬂ +101,9° (dioxene), v (NuJol)
2230 (CN), 1757 and 1TL5 cm -1 (3- and 17-carbonyle of cyclopentane rings), & 0.93 (13-CH3), 1.33
(10-CH3), 5.90 (6H, 7H)5. The infrared spectrum indicated a non-conjugated S-membered ring A
ketone, and the pmr spectrum supported the pfesence of a non-conjugeted double bond (As). The
proximity of the cyano group to the 3-carbonyl function was established by cleavage of gg, with
sodium hydroxide in aqueous ethanol and with sodium methoxide in methanol, into the seco acid
derivative ha and the methyl ester hb, respectively, The formation of the 45 conjugated cyano
compound kb [[u]D+T.1 (dioxene), A__ 207 nm, & 11,600 (isoctane), § 6.23 (6-H, 4, d 5.5, 2.0
Hz)] according to Scheme I is consistent with the placement of the cyasno group and the double

bond as shown,
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Assignment of the B~configuration to the cyano grouping in 2& was established unequivocally
by X-ray analysis, which also confirmed the total structure. Crystals of Za belong to the
orthorhombic system, space group P2,2,2,, with a = 11,70(1), b = 12. 89(1), ¢ =10, 89(1)A Z2=1b
The structure was solved by direct phase determining procedures using MULTAN and refined by full-
matrix least-squares calculations (anisotropic C, N, 0; fixed H contributions) to R = 0,107 over
1282 visually estimated reflections from photographic date. The cyclopentanone rings both adopt

envelope conformations, the cyclohexene ring is in a distorted half-chair form, and the cyclo-
CH3

hexane ring approximates a normal chair form. 0

Endocyclic torsion angles {deg.) in 2a.
~
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Compound 3 [[a]D-23 0° (dioxane)] was converted with NaOMe in MeOH to the epimer (5)
[[]D-117 T (d1oxane)] of hb. The large levorotatory change observed with 3vis ayis 2a sug-
gested the presence of a 13a-methyl and the equivalence of rotational difference between 3 to 2&

(124.9°) ana 5 to Ly (121, 8°) suggested the 5p-configuration of the cyano group in 3. 13CMR con~
By

firmed this assignmenta.

The azide transformation may be considered to proceed by one of several mechanistic possibili-
tiesz. For example, one may consider the rearrangement as proceeding via a seco-ketenimine in-
termediate, or through an azirine, or through a nitrene intermediate. However, most reactions of
the nitrene type occur at higher temperatures than is required for the ready thermolytic conver-
sion of our A*»8-L-azido compounds, and we have not observed a product which might result from
the intermolecular reaction of a nitrene and solvent. We have, however, no convincing evidence

to distinguish a preferred sequence,

In any event, this reaction proceeds in high yield to give the A/B cis-fused cyano product,
and seems to require the L-azido-A%>6_diene system for this type of facile transformation.
9

Thus, under similar reaction conditions, 6-azido-6-dehydro-lTa-acetoxyprogersterone’ afforded
no cysno product, and 6,7-dihydro lclo afforded a product mixture which mey have contained at
most & small amount of a cyano componentll. These latter reactions are under further

investigation,
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