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The unexpected course of the reaction of steroid sapogenins
with diacetoxyiodobenzene and BF3ÆEt2O in formic acid
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Abstract—The reaction of steroid sapogenins of both the 25R and 25S series with diacetoxyiodobenzene and BF3ÆEt2O in formic
acid produced a mixture of an equatorial 23-formyloxysapogenin, a 16b,23:23,26-diepoxy-22-one and a bisnorcholanic lactone.
The outcome of this reaction, that drastically differs from the same reaction in acetic acid, opens up new possibilities for the trans-
formation of the side chain of steroid sapogenins.
� 2007 Elsevier Ltd. All rights reserved.
Hypervalent iodine chemistry has attained a paramount
role as a synthetic tool in the past two decades. Diacet-
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Scheme 1. Reagents and conditions: DIB/BF3ÆEt2O in acetic acid, rt 40 min.
oxyiodobenzene (DIB) is known to produce different
transformations depending on the functionality present
in the substrate and on the reaction conditions.1,2 In
particular, we have recently reported on the introduc-
tion of an axial acetoxyl group at position C-23 of the
side chain of steroid sapogenins 1a and 3, by treatment
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of such compounds with DIB and BF3ÆEt2O in acetic
acid, (Scheme 1).3
In view of the outcome of the above reactions, it seemed
logical to us that simply changing the solvent from ace-
tic acid to formic acid would result in the introduction
of a formyloxy group at C-23, offering the possibility
to differentiate the introduced formylated hydroxyl
group from other acetylated hydroxyl groups present
in the steroid nucleus.

Unexpectedly, treatment of epismilagenin acetate (1a) with
DIB and BF3ÆEt2O in formic acid at room temperature
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produced the total conversion of the starting material
into a mixture of 23-equatorial formyloxy compound
5a, 16b,23:23,26-diepoxy-22-one 6a and bisnorcholanic
lactone 7a. The same procedure, when applied to
sarsasapogenin acetate (1b), afforded 5b, 6b, and 7b,
(Scheme 2).

1H and 13C NMR spectra of the obtained products are
in good agreement with the previously reported data.4–7

The equatorial orientation of the formyloxy group
introduced at C-23 can be easily corroborated by
observation of the coupling pattern of H-23 (11.32,
4.38 Hz for 5a and 12.11, 5.00 Hz for 5b), which indi-
cates axialH-23–equatorialH-24 and axialH-23–axialH-24

couplings.

The introduction of the formyloxy group at C-23 should
follow a pathway similar to that previously postulated
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for the introduction of an acetoxyl group at C-23.3

Epimerization to 5a may be explained in terms of the
enolization of 25R-III to 25R-IV, which on F-ring
closure leads to 5a. The fact that no product was iso-
lated with the formyloxy group in the axial orientation
suggests a fast epimerization and is consistent with the
expected relative thermodynamic stabilities of 25R-III
and 5a, which should favor the equatorially oriented
substituent in which the steric effects are minimized. A
similar pathway explains the occurrence of 5b (Scheme
3).

Rearrangement of 23-oxosapogenins to 16b,23:23,26-
diepoxy-22-ones by treatment with TiCl4 in CH2Cl2
was first described by Suárez.5 A similar rearrangement,
but with lower yield, was observed by Morzycki when
23-oxosapogenins were treated with BF3ÆEt2O in
THF,6 (Scheme 4).
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Scheme 4. Reagents: (a) TiCl4 in CH2Cl2; (b) BF3ÆEt2O in THF.
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Since the presence of a carbonyl group at C-23 is
mandatory in such a rearrangement, an attempt to
rationalize the occurrence of 6a and 6b must involve
the overoxidation of the 23-formyloxy sapogenin.

Enolization to 25R-IV followed by electrophilic addition
of DIB leads to oxonium 25R-V, which may react with
formic acid to produce 25R-VI. Displacement of the
hypervalent iodine moiety as a result of F-ring closure
leads to 25R-VII, which on 1,2 migration of O-16 to
C-23 and rearrangement of the formyloxy moieties
attached to C-22 and C-23 affords 16b,23:23,26-
diepoxy-22-one 6a. A pathway in which the formyloxy
moiety attached to C-22 reacts with formic acid to
produce the cleavage of the C22-C-23 bond may explain
the occurrence of lactone 7a, (Scheme 5). A similar
mechanism accounts for the formation of 6b and 7b.

Control experiments carried out under the same reac-
tion conditions but without the addition of DIB
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showed that treatment of 23-oxosapogenins 8a and
8b with BF3ÆEt2O in formic acid leads to a mixture
of the starting material and the corresponding rear-
ranged product 6a or 6b, (Scheme 6) and suggests a
pathway from the 23-formyloxysapogenin to the
corresponding 23-oxosapogenin that finally undergoes
isomerization to afford the observed 16b,23:23,26-
diepoxy-22-one following a mechanism similar to that
suggested by Morzycki for the BF3ÆEt2O-catalyzed
isomerization of 23-oxosapogenins.6

We were pleased to find that addition of an increased
amount of BF3ÆEt2O and the extension of the isomeriza-
tion reaction up to 4.5 h produced an increase in the
yield of the rearranged products.

In summary, we have found that the reaction of
steroid sapogenins with BF3ÆEt2O/DIB in formic acid
affords a mixture of an equatorial 23-formyloxysapo-
genin, a 16b,23:23,26-diepoxy-22-one and a bisnorchol-
anic lactone. The outcome of this reaction, that differs
from our previously reported results of the same
procedure using acetic acid as solvent, opens up new
possibilities for the transformation of the steroidal
sapogenin side chain. In addition we have found that
treatment of 23-oxosapogenins with BF3ÆEt2O in formic
acid represents a convenient alternative for the isomeri-
zation of 23-oxosapogenins to 16b,23:23,26-diepoxy-22-
ones.
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Additional experiments to explore the influence of
different carboxylic acids and other solvents in the
above-described reactions and to optimize yields are
under way.
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