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THE action of acids on 1,2-epoxides can produce a wide range of ring-
opening and rearrangement reactions; the recently reported cleavage to alkenes
and oxo derivatives (Scheme)?!, involving the intermediate formation of an oxe-
tane,!’? takes & particular position in this picture and is of some interest,
since it appears to be mechanistically related to the biosynthetic conversion
of phytosterole into cholesterol in insects.®
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With the purpose of investigating the scope and mechanism of this

reaction and of finding new routes for the controlled degradation of the
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steroid side chain, we reacted 22,23-epoxystigmast-4-en-3-one (Ia) and
22,23-epoxy-5 (X -stigmestene (Ib) with BF;-ether complex, in the hope that
the presence of a bisecondary epoxy function flanked by two tertiary carbons
could make them good candidates for a cleavage of this type. No fragmentation
took place however in either case and the main preducts (ca. 70% yielda),
m.p. 113-115° from (Ta) end m.p.104-107° from (Ib), were isomeric with the
starting epoxides. The absence of OH or C=0 stretching bands in the i.r,
{except for the 3-oxc group in the product from Ib), the disappearance of the
two epoxide ol proton signals at S 2,52 and 2.76 ppm, and the appearance of a
one-proton multiplet at & 4.05 ppm pointed to the conversion of the oxirane in
to a cyclic ether with a larger ring in which oxygen is bound to a tertiary and
a gecondary carbon. The possibility that this was an oxetane ring, formed by the
first three steps in the Scheme, was unlikely because of the ease with which
heavily substituted compounds of this type undergo cleavage under the reaction
conditions {fourth step in the Scheme). A tetrahydropyran rirg was also ruled
out both on mechanistic and on structural grounds, since it should have more
than one proton ch to oxygen. On the other hand the tetrahydrcfuran structures
(IIa) and (IIb) were fully consistent with the experimental data. The involve
ment of C(25) in the oxygen bridging is indicated by a strong downfield shift
in the spectra of the new ethers of the signals corresponding to two methyl
groups, which appear as & single singlet at § 1,22 ppm, in agreement with the
deshielding effect of the nearby oxygen atom and with the disappearance of
the coupling with the proton at C(25). Shidasterone, & steroid with a 22,25-
epoxide bridge,* shows the signals for the protons at C(22) and at C(26) and
Cc(27) respectively at & 4.06 and 1.22 ppm, in perfect agreement with the data
for (II). Purthermore the mass spectrum of (IIa) and (IIb) show a molecular
peak of very low abundance, but a very strong base peak, at m/e 127, contain-
ing oxygen (loss of water %o give m/e 109, with corresponding metastable peak).
Of the several possible eyclic ethers deriving from {I) only those of type (II)
could give such a fragmentation, producing ion (III). The same type of fragmen
tation has been reported for shidasterone, except for the fact that since this
compound lacks the ethyl group at C(24), the strong base peak is found at
n/e 99.*

The epoxides (Ia), m.p.114-116°,% and (Ib), m.p.92-94°, were pre-
pared by protracted treatment of the corresponding olefins with m-chloroper-

oxybenzoic acid. In both cases mixturesz of ftwo diastereoisomeric epoxides were
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obtained, from which the major components (80% by g.l.c.)® were isolszted and
purified by fractional crystallisation. The unknown 5 Ch -stigmest-22-ene,
m.p.123-125%, was obtained from stigmesta-5,22-diene,” by a route which will
be deseribed in the full paper.

The fact that the epoxides (I) do not behave according to the
sequence shown in the Scheme, but that the initially formed carbonium ion
rather undergoes a 1,3- or two consecutive 1,2-hydride shifts before ring
cleosure must in some way be related to the very crowded surroundings of the
oxirane ring, imposing a conformational situation not favourable for the
cyclisation at the 24-carbonium ion stage, or particularly favouradls for the
1, 3-hydride shift at the 23~carbonium ion stage. The problem will be analysed
in & more detailed way when the relative configuration of (II) at C{?2) and
€(25) will he known.

A number of steroids with an oxygen bridge between positions 22 and
25 have been isoclated from natural sources:*’® the easy formation of (II)
from (I) may suggest that 22,23-epoxides could play some role in their
biogenegig. This reaction could also find some use as an easy way for intro-

ducing an oxygenated function at C(25), such as is found in many ecdysones.
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