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Ring Expansion of Fused Cyclopropylketones.
Synthesis of a 12(13~18)-abeo-Pregnane.

Andrés Ferrara and Gerardo Burton*

Departamento de Quimica Orgénica, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Pabellon 2,
Ciudad Universitaria, (1428) Buenos Aires, Argentina

Abstract: A synthetic approach to 12(13-»18)-abeo-pregnanes by base catalyzed rearrangement of a
12,18cyclopregnane-11,20-dione is described. The latter steroid was prepared by means of a
hypoiodite type reaction.

The ring-expansion approach to medium and large rings, has-been a powerful strategy in synthetic
organic chemistry achieved by both ionic and radical reactions.! In this respect, the use of cyclopropyl ketones
fused to five or six membered rings for ring enlargement, is an area of considerable interest in organic synthesis.

A large number of homologations introduced in steroid hormones are based in expansions and
contractions of the A, B and D rings, however, few examples have been reported for the synthesis of C-homo
steroids of which the C-homoestratrienes are known to exhibit a pharmacological activity.2 In previous papers,
we have prepared a variety of steroid hormone analogues, which were used to study their biological activity as
well as the conformation and flexibility of the steroid skeleton.3-5 In particular, we described the synthesis of
17(13->18)-abeo-pregnanes by a ring-expansion approach using a radical rearrangement initiated by Bu;SnH,3
we now report the first synthesis of a 12(13-18)-abeo-pregnene (1), using an ionic rearrangement. Fused
seven and five membered rings (as in 1) are present in a variety of natural products of marine and terrestrial
origin (e.g. guaianolides) many of which exibit interesting biological properties.®

Scheme 1

The preparation of compound 1 had two key steps: functionalization of the angular methyl group at C-13
by hydrogen abstraction promoted by an alkoxy radical generated at C-207 and rearrangement of the fused
12f3,18-cyclopropane (Scheme 1).

929



930

O
HOL,, . Fo.
—
2 3 4
1c
B ] (0] OAc
e d

[ S— -

@
1 6 5

Scheme 2: (a) i) formic-acetic anhydride, Py, 2 h; ii) BH3-Me;S, THF, 4 h, 45.5 % overall. (b) i) DIB, I,
CCly, hy (300 W tungsten-filament lamp), 2 h, rt; ii) Ac20, Py, rt, overnight, 50 % overall. (c) i) K;COs3,
MeOH, 40 min; ii) PCC-alumina, benzene, 2.5 h; iii) 10 % aqueous NaOH, methanol, 47.6 % overall. (d) i)
LiAlHs, THF, 1 b; ii) PCC, BaCOj;, 3A molecular sieves, CHCly, 4 h, rt, 80 % overall. (€) i) 10 % aqueous
NaOH, methanol, 3 h, (86 %), ii) 5 % aqueous HCI, THF, 36 h, 70 % overall.

The starting point of our synthesis was 20-ketopregnene 2, which was prepared from 1la-
hydroxyprogesterone by a known two-step procedure® (Scheme 2). Protection of the 11a-hydroxy group as
the formate ester using mixed formic-acetic anhydride® followed by reduction of the 20-ketone with borane-
methyl sulfide complex in anhydrous THF!? yielded a mixture of 20(R) and 20(S) alcohols (3).
Functionalization of the angular methyl group was carried out by irradiation of a solution of 3 in carbon
tetrachloride with visible light in the presence of bis(acetoxy)iodobenzene (DIB) and iodine. ™ Acetylation of
the resulting 18-iodo-20-alcoho! with acetic anhydride-pyridine yielded iodopregnene 4. Cyclopropyl steroid §
was obtained from 4 by selective hydrolysis of the 11o-formate with potassium carbonate, oxidation to the 11-
ketone with PCC-alumina!! in benzene, enolization with sodium hydroxide in methanol and concomitant
intramolecular displacement of iodine.? Reduction of 5 with lithium aluminum hydride followed by oxidation of
the crude diol with PCC in dichloromethane, yielded diketone 6.12: 13

With 6 in hand, we focused our attention on its conversion to the 12(13->18}-abeo-pregnene 1.
Homologation of ring C was carried out via a mechanism of eliminative ring fission!# (Scheme 3), with sodium
hydroxide in methanol.!3 The reaction is initiated by enolization of the C-20 carbonyl thus placing a negative
charge at C-17 next to the cyclopropane ring. This triggers a coil spring effect with regioselective cleavage of
the cyclopropane C-12—C-13 bond and incorporation of C-18 into ring C. Barton ef al. had reported a related
rearrangement to a 19-nor-B-homo-steroid, in the chemistry of the natural tetracyclic triterpenoid cucurbitacin



A.16 Deprotection of the C-3 carbonyl with § 0
% hydrochloric acid in THF afforded the -
desired C-homo steroid 1.!7 The structure of 1 ©. v
was confirmed by 1D and 2D nmr and mass
spectrometry.
Attempts to carry out a radical
rearrangement of § with Bus;SnH in toluene,
analogous to that described by us for the Scheme 3
preparation of 17(13-18)-abeo-pregnanes’
failed, recovering unreacted steroid 5 after 3 days. Several attempts to improve this radical rearrangements will
be the subject of a forthcoming publication.
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