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Novel transformation of 23-bromosapogenins. Synthesis of
(22S,23R)-22-hydroxy-23,26-epoxyfurostanes
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Abstract—(22S,23S)-23-Bromosapogenins undergo rearrangement to the (22S,23R)-22-hydroxy-23,26-epoxyfurostanes during
alkaline hydrolysis. An efficient degradation procedure of sarsapogenin via the corresponding bisfuran to the C22 lactone is
described. © 2001 Elsevier Science Ltd. All rights reserved.

The sapogenins are aglycones of saponins, a group of
glycosides widely distributed in plants. The most com-
mon sapogenins are spirostanols with the normal-type
spiroacetal form (22R). With regard to the configura-
tion at C-25, there are two types: an �-oriented methyl
group (25R as in hecogenin acetate 1) and a �-oriented
methyl group (25S as in sarsasapogenin acetate 8). The
sapogenins are important for their use as the starting
materials for the preparation of various steroidal drugs
(natural and artificial).1

It is well known that sapogenins can be selectively
brominated at C-23. The study of the bromination of
the sapogenins has a history full of contradictions that
would be tedious to detail.2 Our observations confirm
the reports that 25R-sapogenins form two isomeric
23-bromo derivatives 2 and 3 (no bromination product
at C-11 was detected). Bromination of the 25S-sapo-
genins yields only a single 23-bromo product 9 due to
steric hindrance from the axial methyl group at C-25.
All three bromo derivatives (23S,25R ; 23R,25R and
23S,25S) were subjected to weak alkaline hydrolysis
(NH3 or K2CO3, H2O, n-BuOH, reflux several days).
Compound 3 with an axial bromine atom did not react
under these conditions (Scheme 1). The other com-
pounds (2 and 9) yielded bisfuran products with a
tertiary hydroxy group (as proved by failure of acetyla-
tion attempts). Mass spectra showed a very characteris-
tic pattern of molecular ion fragmentation involving
loss of water or methyltetrahydrofuran (M−C5H10O)+�.3

1H and 13C NMR spectra confirmed the hemiacetal
structure of the products (4 and 10, respectively). Analy-
sis of NOE effects in their 1H NMR spectra suggests
the 23R configuration in these compounds. This sugges-
tion was later unequivocally confirmed by X-ray analy-
sis of compound 10 (R=Ac). A general view of the
molecule is shown in Fig. 1.

A concerted mechanism is suggested for bisfuran for-
mation (Scheme 2) consisting of simultaneous departure
of bromide and shift of an oxygen atom from C-20 to
C-22, followed by addition of water to the stabilized
carbocation A. Non-bonded electrons of the ‘pyranose’
oxygen atom may, however, assist the departure of the
bromine atom of compounds 2 and 9. The oxonium ion
thus formed (B) could be preferentially attacked by
hydroxide anion at the spiro carbon atom (C-22) bear-
ing some positive charge. The oxonium ion B may also
be attacked at the secondary position (C-26) to afford
epoxy alcohol C that could be transformed further to
the final product.

There are different stereochemical consequences of
these mechanisms. The two former mechanisms (via A
or B) imply inversion of configuration at C-23, whereas
the latter (via C) retention, as a result of double
inversion.

The rearrangement described above is novel in the
chemistry of spirostanes. Investigation of various con-
ditions showed that it can also be induced by silver
tetrafluoroborate. In this case, however, ketone 54 and/
or lactone 65 accompany the rearrangement product 4.
Products 4 and 5 dominate when water is present in the
reaction mixture, whereas lactone 6 prevails under
anhydrous conditions.
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Scheme 1.

It was proved that the product 4 of the rearrangement
easily undergoes oxidation to the lactone 6, e.g. with
pyridinium chlorochromate. The three step degradation
procedure of sarsasapogenin acetate 8 to the lactone
analogous to 6, involving bromination, rearrangement
and oxidation, is very efficient (overall yield �90%) and
may be of practical significance. The lactones, such as 6,
can be used for the synthesis of numerous steroids
bearing the oxygen functional groups at C-16 and C-22.6

In the case of the axial bromide 3 no rearrangement was
observed even at elevated temperature. There is no
evidence for ‘furanose’ oxygen atom participation (D) in
the hydrolysis of compound 3. The sole reaction product
of bromide 3 with KOH in refluxing ethylene glycol was
olefin 7.7

The bisfuran structures described herein have not been
found in the plant kingdom to date.
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Figure 1. An ORTEP view of the molecule 10.

Scheme 2.
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