
Stereospecific ring opening reactions of cyclic α,β-epoxysi-
lanes are described.  The reaction pathways are governed by the
conformation of the cation intermediates in oxepane.

Many ring opening reactions of α ,β-epoxysilanes have
been investigated to show that the reactions of α,β-epoxysilanes
undergo with strong preference for cleavage of the α C–O bond
under various conditions.1 To the best of our knowledge, there
is no example which clearly discusses the stereochemical
process in oxepane system.  This communication describes the
stereospecificity based on the conformation of oxepane ring.

Stereospecific ring opening reaction of α,β-epoxysilanes has
been one of the key reactions in the synthetic study on ciguatoxin
1B2 that is in progress in our laboratory.3 Treatment of cis-
epoxysilane 1 (cis β-H/γ -H) with BF3·OEt2 gave the allylic alco-
hol 2.  A possible mechanism of the ring opening reaction to
form the allylic alcohol 2 is shown in Scheme 1.  Treatment of 1
with BF3·OEt2 proceeded with ring opening at the α-carbon to
give α-cation intermediate 4.  Although it is assumed that the
ring opening reactions took place in a concerted manner, but the
cation intermediates are expressed with open form in this paper
in order to simplify.  To this α-cation 4, a hydride shift of the
pseudo axial hydrogen at the β'-carbon (β'-hydride shift) would
occur preferentially to give the β'-cation 5, which might be stabi-
lized by the silyl group. Then the β'-cation 5 undergoes rapid loss
of the silyl group, resulting in the allylic alcohol 2. 

Interestingly, trans-epoxysilane 6 (trans β-H/γ -H), stereoiso-
mer of 1, predominantly gave oxepanone 7.  The possible mecha-
nism of this conversion is shown in Scheme 2.  In this case, β-
hydride shift occurred to the α-cation 9 with an assistance of the
lone pair electron on the oxygen atom.  Then the β-cation 10
undergoes rapid loss of the silyl group, resulting in the ketone 7.

These different products 2 and 7 were yielded due to the
different conformation of the α-cation intermediates (4, 9).

Hydride shift to the α-cation should occur from pseudo axial
hydrogen at the β or β'-carbon that was oriented in antiperipla-
nar to the generating empty p-orbital.  So the β'-hydride shift
(Newman projection A) occurred predominantly in 1, while the
β-hydride shift (Newman projection D) took place in 6.

We employed this conversion method of the cis-α ,β-
epoxysilane (1 to 2) for the synthesis of the BCDE rings of
ciguatoxin 1B.4 Treatment of the cis-α,β-epoxysilanes (11, 13)
with BF3·OEt2 gave allylic alcohols (12, 14) as major products,
respectively (Scheme 3).  

But in the case of tetracyclic precursor 13, the yield of
allylic alcohol product 14 was moderate because of the forma-
tion of α-silylketone 15 as a sideproduct.  The β'-hydride shift
occurred predominantly in 11 which was linking to a rigid 6-
membered ether ring (Scheme 4), but β and β'-hydride shift
competed in 13 which linked to a flexible 7-membered ether
ring (Scheme 5).  It was assumed that a subtle difference of con-
formation influences the reaction pathway.  The possible mecha-
nism of this competitive ring opening reaction of 13 is summa-
rized in Scheme 5.  The β'-hydride shift to the α-cation 20
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resulted in an allylic alcohol 14, while the β-hydride shift to the
α-cation 20 with an assistance of the lone pair electron on the
oxygen atom gave an α-silylketone 15.

Evidence for the different conformation between these cis-
α,β-epoxysilanes was suggested from coupling constants.  The
values between β and γ -proton were 0 Hz with 1 and 11 but 1.2
Hz with 13 (Scheme 6).  This fact implied that the conformation
of the α-cation 20 might be different from 3 and 17.  This confor-
mational difference should affect the selectivity of hydride shifts
(β or β').  The pseudo axial hydrogen at β'-carbon was oriented in
antiperiplanar to the generating empty p-orbital (Newman projec-
tion A) in the α-cation (3, 17), while any hydrogen at the β and β'-
carbon was not oriented in antiperiplanar completely to the gener-
ating empty p-orbital (Newman projections E and F) in the α-
cation (20), resulting in competition of the β or β'-hydride shift.

As shown in Scheme 2, the β-cation 10 underwent rapid loss
of the silyl group, resulting in a ketone 7, while the β-cation 24
did not lose the silyl group, providing an α-silylketone 15 in
Scheme 5.  It was not difficult to understand this gap between the
two experiments.  In the case of β-cation 10, the silyl group was
oriented in coplanarity to the empty p-orbital (Newman projec-
tion G); on the other hand, the silyl group was oriented perpendi-
cular to the p-orbital (Newman projection H) of the β-cation 24
(Scheme 7).

The stereospecific ring opening reaction of cyclic α ,β-
epoxysilanes with BF3·OEt2 was concluded to be conducted by
conformational factors of the cation intermediates in oxepane.
These factors determine the fate of the cation intermediates to
result in the different hydride shift (β or β'), thus three products. 
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