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Stereoselectivity in the Nebher
Rearrangement: Synthesis of
a Steroidal Spiroazirine
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Siv:

A purely aliphatic azirine derivative, 3'-methylspiro-
[17(1")B8-androst-5-en-17,2'(2'H)~azirin]-38-0l (I), has
been synthesized from pregnenolone in 53% overall
yield. A few azirines containing aromatic substitu-
ents have been previously synthesized (1-5), but there
is no report in the literature of the isolation of an
azirine with only aliphatic substituents. Parcell (5)
has recently been able to isolatein high yield the azirine
intermediate from the Neber rearrangement of the di-
methylhydrazone methiodides (6) of aromatic ketones.
The present paper describes work in the aliphatic
series leading to the highly stereoselective synthesis
of I.

The reaction of 2-(38-hydroxypregn-5-en-20-ylidine)-
1,1, 1-trimethylhydrazonium iodide (I}, prepared from
the dimethylhydrazone of pregnenolone (7) and methyl
iodide in acetonitrile, with sodium hydride in dimethyl-
sulfoxide for two hours at 20° afforded a 67% yield of
3'-methylspiro[17(1')s-androst-5-en-17,2'(2'H)-azirin}-
38-ol (D, m.p. 235.5-236°, |a]% -93° (8) (Calcd. for
Cy1HyiNO: C, 80.46; H, 9.97; N, 4.47. Found: C,
80.35; H, 9.95; N, 4.61). An infrared absorption
peak of medium intensity at 1754 cm-! indicated the
presence of a highly strained carbon-nitrogen double
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bond.” A sharp three-proton singlet at 2.38 ppm in
the n.m, r. spectrum of I demonstrated that the Cyy-
methyl group was still intact and that the ring closure
had involved Cyy rather than Cyy, thus eliminating the
possibility of alternate structure III. The azirine I
was very stable inthe crystalline state at room temper-
ature, and remained unchanged after two weeks in
methanol solution. Acid hydrolysis of I gave a 61%
yield of the hydrochloride salt of 178-amino-17c-pregn-
5-en-3p-0l-20-one (IV), m.p. 256-258°, [oz]:,";6 -7° (Caled.
for CyyHyCINO,: C, 68.68; H, 9.32; N, 3.81; CI, 9.64.
Found: C, 68.54; H, 9.49; N, 3.71; Cl, 9.35). The
n.m.r. spectrum of the free base IV exhibited a three-
proton singlet at 2.20 ppm (methyl ketone).

The configuration at C;; was shown to have been
inverted during the Neber rearrangement (9). Catalytic
hydrogenation (Pt, EtOH) of I afforded (3'R)-3'-methyl-
spiro[17(1Y)8-androst - 5 -en - 17, 2'-aziridin]-38-0l (V)
(10), m.p. 200-202°, [@]|% -61° (Caled. for CyHy3NO:
C, 79.94; H, 10.54; N, 4.44. Found: C, 79.73; H,
10.29; N, 4.42). The n.m.r. spectrum of V exhibited
the three-proton doublet (J=5 cps.) of the 3'-methyl
group at 1.33 ppm. Opening of the aziridine ring with
sodium hydrosulfide followed by Raney nickel desulfur-
ization of the intermediate aminothiol gave the primary
amine VIa, which was methylated with methyl iodide
and potassium carbonate in refluxing acetonitrile to
give a 22% overall yield of purified 178-dimethylamino-
17a-pregn-5-en-3-ol (VIb), m.p. 157-158°, [a]¥ -70°
(Calcd. for CypyHzgNO: C, 79.94; H,’ 11.38; N, 4.05.
Found: C, 79.88; H, 11.53; N, 4.06). This com-
pound was identical with a sample prepared by catalytic
hydrogenation of the known 178-dimethylamino-17a-
ethinylandrost-5-en-33-ol (11). The identity of these
samples confirmed that inversion had occurred at Cy,

in the formation of I.
Investigation of the mother liquors from the synthesis
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of I failed to uncover any isomeric azirine, such as
III. Ring closure to the tertiary 17-position is con-
sistent with the work of other investigators (5,12), who
have shown that an o-methinyl ketone can undergo the
Neber rearrangement. This contrasts with a previous
postulate (13) that only o-methyl and a-methylene ke-
tones will react in this manner. It has been demon-
strated that the direction of azirine ring closure is
toward the a-carbon atom bearing the more acidic pro-
ton (i.e., toward the more stable enolate anion) and
that it is not dependent upon whether the leaving group
(OTs, NMeg) is cis or trans to that proton (13,14).
The greater stability of a steroid double bond in the
17(20)-position compared with onein the 20(21)-position
(15, 16) should, in the case of II, render the enolate-
like anion at Cy; more stable than that at Cyy. It is
thus possible to rationalize the selective formation of
17-amino-, rather than 21-amino-, steroids from the
Neber rearrangement of pregnenolone derivatives.

Failure to find any of the 17-epimer of Iin the mother
liquors indicated that the synthesis of I was highly
stereoselective. This should help lead to a clearer
understanding of the mechanism of the Neber rear-
rangement,

Acknowledgment.

The authors wish to thank Mr. C. E. Childs and the
staff of our Microanalytical Laboratory, Dr. J. M.

Communications to the Editor

Vol. 1

staff of our Microanalytical Laboratory, Dr. J. M.
Vandenbelt and the staff of our Physical Chemistry
Laboratory, and Mr. W. M. Pearlman of our High
Pressure Laboratory for their valuable technical as-
sistance. We also wish to acknowledge helpful dis-
cussions with Dr. R. F. Parcelland Dr. G. W. Moersch.

REFERENCES

(&)
(2)
(3)
(4)
(5)

W. Neber and A. Burgard, Ann., 493, 281 (1932).

W. Neber and G. Huh, ibid., 515, 283 (1935).

J. Cram and M. J. Hatch, J. Am. Chem. Soc., 75, 33 (1953),
Smolinsky, ibid., 83, 4483 (1961).

F. Parcell, Chem. Ind. (London), 1396 (1963).

{6) A. 8. Smith and E. E. Most, J. Org. Chem., 22, 358 (1957).

(N H. Wiley and S. H. Chang, J. Med, Chem., 6, 610 (1963).

(8) Rotations were determined in methanol; n.m.r, spectra were determined
in deuterochloroform solution on a Varian A-60, and the resonances arc ex-
pressed as parts per million downfield from tetramethylsilane; infrared spectra
were obtained on all compounds and were consistent with the assigned structures.

(9) The two-carbon side chain of the starting material II was shown to be
8 by neutral hydrolysis to pure pregnenolone.

(10) The configuration at 3' was assigned on the basis of a molecular model
of I, which indicated that steric control of the hydrogenation would lead to the
3'R configuration.

(11) D. Lednicer and J. C. Babcock, J. Org. Chem., 27, 2541 (1962).
(12) H. E. Baumgarten, J. M. Petersen, and D, C. Wolf, ibid., 28, 2369 (1963).
(13) M. J. Hatch and D. J. Cram, J. Am., Chem. Soc,, Tb, 38 (1953).
(14) H. O. House and W. F. Berkowitz, J. 0vg. Chem,, 28, 2271 (1963).
(15) H. Vanderhaege, E. R. Katzenellenbogen, K. Dobriner, and T. F.
Gallagher, J. Am. Chem. Soc., T4, 2810 (1952),

(16) H. M. E. Caldwell and A. E. H. Kilner, J. Chem. Soc., 2430 (1951).

ERC R e

Received November 10, 1963 Ann Arhor, Michigan



