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C-21 chlorination of 20-oxosteroids using the system MnO2 (excess)±TMSCl or MnO2 (excess)±AcCl in acetic acid

medium as well as an example of a Wagner±Meerwein rearrangement of 17�-chloro-20-oxopregna-3�-yl acetate to 17-

�-methyl-18-nor-17�-pregn-13-en-3�-yl acetate have been demonstrated.

C-21 functionalization of 20-oxopregnanes is an important
area in the steroid ®eld1, 10±13 as it leads towards the
construction of the side chain of the biologically potent
cortical hormones and drugs. One widely used method for
this transformation is via halogenation of 20-oxosteroids,1

but although a number of bromination techniques have
been reported, successful chlorination methods have not
been widely reported in the literature. Further, the hitherto
known processes for this transformation1±3 involve tedious
reaction conditions and toxic chlorinating agents such
as chlorine gas and toxic brominating agents such as
bromine, hydrogen bromide, pyridinium hydrobromide per-
bromide etc. Wuts et al.4 have reported the preparation
of 21-chloro-20-oxopregnanes through the chlorination of
21-hydroxysteroids by using the Vilsmeir reagent (involving
hazardous phosphorous oxychloride).

During our work5 on the process development of 16-
dehydropregnenolone acetate, a key intermediate for
steroidal drugs from diosgenin in this laboratory, several
20-oxopregnanes, viz., 1±3 were available which persuaded

us to carry out some work towards corticosteroid synthesis.
In a recent communication,6 we reported stereospeci®c
chlorination of several steroidal ole®ns and ketones under
mild reaction conditions via MnCl4 species generated in situ
from MnO2±TMSCl or MnO2±AcCl systems using MnO2 in
stoichiometric amounts. The reagents are non-toxic and
easy to handle. Here we describe a simple and single-step
room-temperature preparation of 17a,21-dichloro-20-oxo-
pregnanes from the respective 20-oxopregnanes in high yield
by employing either of the above systems using MnO2

in large excess. This provides a simple and convenient
approach towards the construction of the corticosteroid side
chain. Thus when the 20-oxopregnanes 1±3 were treated
with the reagent system in acetic acid, using MnO2 in large
excess, overnight at room temperature, the corresponding
17a,21-dichlorosteroids 4±6 were obtained in more than
80% yield. All these products gave satisfactory IR,
NMR, mass spectral and microanalytical data. The C-21
substitution with chlorine was con®rmed from their NMR
spectra which displayed a two proton doublet at 4.2 ppm
(J � 1.5 Hz) for 21-methylene protons. Further, all these
products 4±6 underwent Favorskii rearrangement at room
temperature in mild alkaline solution to furnish the
corresponding methyl carboxylates 7±9 in excellent yield.
The use of a stoichiometric amount of MnO2 in the reaction
leads to exclusive formation of 17a-chloro-20-oxopregnanes
14±16 selectively from 1±3 in high yield.6

Further in our attempt towards the preparation of
17-acetoxy-20-oxosteroids, many of which are potent anti-
tumor agents.8 from 17a-chlorosteroids, compound 14 was
treated with anhydrous sodium acetate in glacial acetic acid.
However, from the action of sodium acetate±acetic acid on
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14, we isolated a chlorine-free compound 17 (65%) formed
apparently through a Wagner±Meerwein rearrangement, i.e.
the migration of the C-18 methyl group to the developing
carbonium ion at the C-17 position because of the facile
leaving of the chloride ion to furnish ®nally 17b-methyl-18-
nor-17a-pregn-13-en-3b-yl acetate 17. An IR spectrum of
the compound displayed the bands for the acetate group
and ketonic group of the side chain. The mass spectrum did
not reveal the presence of any chlorine in the molecule and
displayed a molecular ion peak at 358(M�) corresponding
to the structure given as 17. The NMR spectrum did not
reveal the presence of any ole®nic proton and one of the
angular methyl groups had shifted down®eld (1.2 ppm)
clearly indicating that the C-18 methyl group has migrated
to the C-17 position placing it a to the carbonyl group
which caused the observed down®eld shift. The b orien-
tation of the 17-methyl group was evident from the analo-
gous rearrangement reported earlier by Herzog et al.9 in
the Lewis-acid catalysed reaction on the 17a-hydroxy
group as well as from the 16a,17a-epoxide derivatives of
20-oxopregnanes. However, in the case of compound 4,
the major product (70%) isolated was found to be
the 16,17-didehydro-21-chloro-20-oxopregnane 10 formed
through a simple dehydrohalogenation process. Its NMR
spectrum displayed the characteristic two proton singlet
at 4.0 ppm for the 21-methylene protons and a multiplet
at 6.4 ppm for the 16-ole®nic proton. However, a minor
product (yield: 7%) was con®rmed to be the 17-acetoxy-
21-chloro-20-oxopregnane derivative 13 from its spectral
analysis. Compounds 5 and 6 furnished compounds 11 and
12 respectively as the major isolable products with sodium
acetate. The steroids 10±12 besides being important inter-
mediates for the synthesis of various life-saving steroidal
antiin¯ammatory drugs including triamcinolones,10 possess
an enone system which has also gained importance in
recent years because of its utilization in the preparation
of 16a-methoxycarbonylprednisolone13 which ®nds appli-
cation in the area of development of local antiin¯ammatory
steroids without systemic side e�ects by regio- and facial-

selective introduction of the 17a-OH and metabolically
labile 16a-methoxycarbonyl functional groups.

Techniques used: 1H NMR, IR, MS, elemental analysis, speci®c
rotations, mp

References: 13

Table 1: Spectroscopic data, speci®c rotations, mps

Received, 26th February 1997; Accepted, 22nd January 1998
Paper E/7/01350G

References cited in this synopsis

1 C. Djerassi, in Steroid Reactions (An Outline for Organic
Chemistry), Holden-Day, San Francisco, 1963.

2 C. Djerassi, I. Fornaguera and O. Mancera, J. Am. Chem. Soc.,
1959, 81, 2383.

3 M. Steiger and T. Reichstein, Helv. Chim. Acta., 1937, 20, 1164.
4 P. G. M. Wuts, J. E. Cabaj and K. D. Meisto, Synth. Commun.,
1993, 23, 2199.

5 P. K. Chowdhury, M. J. Bordoloi, N. C. Baruah, P. K.
Goswami, H. P. Sharma, R. P. Sharma, A. P. Baruah, R. K.
Mathur and A. C. Ghosh, US Pat. ( ®led), 08/589, 708; Ind. Pat.
( ®led) 1645/DEL/95.

6 (a) P. Borah and P. K. Chowdhury, J. Chem. Res. (S), 1996,
502; (b) Ind. Pat. ( ®led) NF267/95.

8 (a) M. A. Mitchell and J. W. Wilks, Annu. Rep. Med. Chem.
1992, 27, 143; (b) Drugs of the Future, ed. J. R. Prous, 1993, 18
p. 1178.

9 (a) H. L. Herzog, M. J. Gentles, A. Mitchell, E. B. Hershberg
and L. Mandell, J. Am. Chem. Soc. 1959, 81, 6478; (b) E. L.
Shapiro, M. Steinberg, D. Gould, M. J. Gentles, H. L. Herzog
and M. Gilmore, J. Am. Chem. Soc. 1959, 81, 6483.

10 (a) D. M. Baily Annu. Rep. Med. Chem. 1987, 22, 319, 325;
(b) J. A. Bristol, ibid., 1991, 26, 303.

11 D. Taub, R. D. Ho�somer, H. Z. Slates, C. H. Kuo and N. L.
Wendler, J. Am. Chem. Soc., 1960, 82, 4012.

12 W. S. Allen, S. Bernstein, L. I. Felder and M. J. Weiss, J. Am.
Chem. Soc., 1960, 82, 3696.

13 Z. You, M. A. Khalil, D. H. Ko and H. J. Lee, Tetrahedron
Lett., 1995, 36, 3303.

J. CHEM. RESEARCH (S), 1998 237


