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Abstract: Palladium acetate and 1,4-bis(diphenylphosphino)butane (dppb) catalyze regioselective
cyclocarbonylation of 4-allylsteroids forming exclusively 7-membered ring lactones with excellent yields
(96-98 %). The stereoselective addition of an epoxide ring on the side-chain of steroids is realized by
coupling the carbonyl group of the cyclopentanone ring of the steroid with 2-

benzothiazolylchloromethyllithium 1 or 4,4-dimethyl-2-oxazolinylchloroalkylithiums 2 and 3.
© 1999 Published by Elsevier Science Ltd. All rights reserved.
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Steroids are a biologically important class of compounds and they have a large range of
applications in the pharmaceutical industry." ? Interesting methods of functionalization of
steroids have been described.>® Estrones represent an important type of aromatic steroid and
exhibit a large spectrum of biological activity." * * The structural features of new estrone
derivatives having lactone and epoxide rings may play a critical role in increasing the
biological activities of steroids, and in building new active pharmaceuticals. Intramolecular
transition metal—catalyzed cyclocarbonylation of unsaturated alcohols and amines have been
used extensively in the synthesis of heterocycles.’

Recently, 5-, 6-, and 7-membered lactones fused to aromatic rings have been selectively
obtained via palladium (1) and 1,4-bis(diphenylphosphino)butane (dppb) catalyzed
intramolecular lactonization of 2-allylphenol and 2-allylaniline derivatives (eq.1).}
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Epoxides are widely recognized as important synthetic intermediates.” ' Various methods
of epoxidation have been described.” Methods for selective synthesis of oxiranes based on the
coupling of carbonyl compounds with 2-benzothiazolylchloromethyllithium 1, 2-
oxazolinylchloroalkyllithiums 2 and 3 have been reported.'®

In this communication, we wish to report the successful application of the intramolecular
cyclocarbonylation and oxirane synthesis to the construction of new estrone derivatives
containing both epoxide and 7-membered lactone rings. The lactonization reaction was
catalyzed by the system Pd(OAc)2-dppb in the presence of a 1:1 mixture of CO/H,."" The
epoxidation reaction was realized by coupling the carbonyl group of the cyclopentanone ring of
estrone with 2-benzothiazolylchloromethyllithium 1."
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Two reaction schemes for the synthesis of the estrone derivative 7, having a seven-
membered ring lactone and an epoxide incorporated in its structure are described in Scheme 1.

According to path A, the Claisen rearrangement of estrone 3-allyl ether 4'? gives 4-
allylestrone 5 in 60% yield (40% of the isomer 10 is also obtained)."® The intramolecular
cyclocarbonylation of 5 furnishes the 7-membered ring lactone-estrone 6 in 96% oyield.“ The
coupling of the estrone derivative 6 with 2-benzothiazolylchloromethyllithium 1'% ! leads to
the epoxy-lactone-estrone derivative 7 (50% yield) as an inseparable mixture of 7a and 7b (the
ratio of 7a/7b = 1 was determined by 'H-NMR). An alternative route for the synthesis of 7a
(path B, Scheme 1) involves the preliminary reaction of 4 with 1. In this case the two isomers
8a and 8b formed could be isolated by column chromatography (silica gel, EtpO/petroleum
ether=7/3). The elucidation of their structures was achieved by means of their NOESY spectra
and by comparing characteristic NMR signals with those of similar systems reported in the
literature.™ Claisen rearrangement of the o-allyl-epoxy-estrone derivative 8a (55 %, Scheme 1)
followed by cyclocarbonylation of the resulting 4-allylepoxyestrone derivative 9a (25 % of the
isomer 9b was also formed) gave 7a in 98 % yield. Both routes gave almost the same yields of
lactonization (96-98%) and epoxidation (40-50%) reactions.

Analogous epoxy-lactones have been synthesized in the presence of the catalytic system
Pd(OAc),-dppb-CO-H, and 2-benzothiazolylchloromethyllithium 1 or 4,4-dimethyl-2-
oxazolinylchloroalkyllithiums 2 and 3.

In conclusion, we have reported simple regioselective routes to new estrone derivatives
having both epoxide and 7-membered lactone rings. Further work is in progress.
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The typical experimental procedure of the intermolecular cyclocarbonylation:
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purification of the lactones was achieved by silica gel chromatography and by HPLC. The epoxidation
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1997, 62, 8937).
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derivatives were identified by elemental analysis, by IR, NMR and MS techniques, and showed
satisfactory spectral data [3,8,10].
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It’s worth noting that only for the less polar isomer 8a a NOE was observed between the H-C(19) and
the C-18 angular methyl group (Scheme 1). Therefore, this epoxide should be an a-epoxide (i.e. the
oxygen of the epoxide ring was a-oriented according to the commonly accepted a- and B-nomenclature
in steroids) with the above mentioned groups at the least distance (1.94 A by molecular modelling). On
the other hand, for the more polar isomer 8b, NOEs were observed between the H-C(19) and undefined
methylene groups, but no NOEs between these groups and benzothiazolyl hydrogens. For both isomers,
the chemical shift range of the methylene hydrogens was always the same with no particular shielding
effect. We have also looked at chemical shift evidence. A downfield shift was noticed for the H-C(19)
(4.5 vs. 4.3 8) on going from one isomer to the other. This trend was analogous (4.2 vs. 4.0 3) to that
noticed in similar £ configured epoxy picolyl derivatives of 5-androstene on going from a B- to an a-
epoxide probably owing to the anisotropy of the C-18 angular methyl group shielding methine epoxy
hydrogen when this lies on its same side. Based on this evidence, we believe that our epoxides, belong to
the E-series and have opposite configuration at the C-17 and C-19 atoms as depicted in Scheme 1.
Miljkovic D., Gasi K., Kindjer M., Stankovic S., Argay G. Tetrahedron 1987, 43, 631.
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