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silyl triflate-promoted Payne rearrangements
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Abstract—The non-aldol aldol process exhibits diastereoselectivity such that one isomer of a secondary epoxy silyl ether gives only
the expected ketone product while the other affords both ketone and aldehyde. We present evidence for a novel silyl
triflate-promoted Payne rearrangement of silyloxy epoxides, e.g. D3�E3. Additional examples of the non-aldol aldol process are
presented including cyclic examples and one in which an aryl ring participates to give unusual products. © 2002 Elsevier Science
Ltd. All rights reserved.

Over the last few years, we have reported1 on the utility
of the rearrangement of optically active tertiary epoxide
primary alcohols and silyl ethers derived from 2-methyl
allylic alcohols via the Sharpless asymmetric epoxida-
tion.2 Treatment of the epoxide prepared from the
E-allylic alcohol with a silyl triflate and a hindered base
gives the syn 2-methyl-3-trialkylsilyloxyaldehydes
whereas similar treatment of those derived from the
Z-isomers affords the anti products. We called this
sequence the ‘non-aldol aldol’ process since aldol prod-
ucts are prepared in a three-step procedure from alde-
hydes with no aldol condensation involvement. We
report herein the extension of this process to the epox-
ides of secondary allylic alcohols which is a much more
complex process, but which showed reasonable
diastereoselectivity. In addition we present evidence for
a silyl triflate-promoted Payne rearrangement of epoxy
silyl ethers and the existence of two distinct epoxide
rearrangement pathways.

We proposed, a priori, that one might observe
diastereoselectivity in the rearrangement of the two
diastereomeric tertiary epoxide secondary silyl ethers
since the position of the hydrogen atom that migrates
to the adjacent forming tertiary carbocation center
would be spatially different in the two diastereomers.
This was indeed the case as shown in Scheme 1. The
allylic alcohol 1 (prepared in four steps from butanal)
underwent Sharpless kinetic resolution–epoxidation to
give the optically active alcohol 2 and the epoxide 3 in

31 and 44% yields, respectively.3 Conversion of 3 to the
silyl ether 4 was straightforward while 5 was prepared
by an initial Mitsunobu reaction, hydrolysis and silyla-
tion. Treatment of the diastereomer 4 with a silyl
triflate in the presence of base afforded the expected
non-aldol aldol product 6 in good yield.4 However,
treatment of the diastereomeric epoxy silyl ether 5
under identical conditions gave a mixture of the two

Scheme 1.* Corresponding author.
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rearrangement products, the ketone 6 and the aldehyde
7. We assume that the reason for this diastereoselectiv-
ity involves the difference in the steric environment of
the groups in the likely transition states, A, B1, and B2.
Thus, in A the alignment of the migrating hydrogen
atom causes no severe steric problems, whereas in B1

the same alignment causes the two methyl groups to be
in close proximity and allows for rotation to B2, which
does not have this methyl–methyl interaction, and per-
mits the migration of the alkyl group instead.5

The situation is much more complex when a secondary
alcohol with a larger alkyl group is used. For example
when the ethyl-substituted epoxy silyl ether 8 was
treated under the same conditions, a mixture of four
ketones 9a–d and four aldehydes 10a–d was formed
(Scheme 2)!6 We assumed that two ketones and two
aldehydes could be formed by the non–aldol aldol
pathway and a simple epoxide rearrangement in which
either the hydrogen or the propyl group attached to the
epoxide could migrate (via D1 or D2) to the forming
tertiary carbocation center to give, respectively, an
aldehyde or a ketone (Scheme 3, top). However, the
formation of the other four products required that a
silyl triflate-promoted Payne rearrangement7 had
occurred, namely the silyloxy silylated epoxonium ion

Scheme 4.

D3 had rearranged to the regioisomer E3 (Scheme 4).
This allows the second epoxide rearrangement manifold
(Scheme 3, bottom) to occur (via E1 and E2) and to
afford the other pairs of ketones and aldehydes. As far
as we can tell, this is the first example of a silyloxy
silylated epoxonium ion equilibration, the silyl ana-
logue of the normal base-catalyzed Payne rearrange-
ment, although Lewis acid-catalyzed epoxy alcohol
rearrangements are known.8

That this Payne rearrangement was indeed occurring
was shown by treatment (Scheme 5) of the correspond-

Scheme 2.

Scheme 5.

Scheme 3.
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ing propyl substituted silyl ether 11, which afforded a
much simpler mixture of the two ketones 12ab and two
aldehydes 13ab due to the symmetry of the system.9

We have also examined cases with different alkyl
groups at the �-position of the epoxide with unusual
results. Thus, the ethyl-substituted epoxy silyl ether 14
affords the expected non-aldol aldol product 15a and
the aldehyde 16 in an 8:1 ratio in good yield (Scheme
6). The structure of the product was proven by conver-
sion into the known hydroxy ketone 15b.10 Cyclic
epoxy silyl ethers also undergo the non-aldol aldol
rearrangement without difficulty. For example, the
epoxy silyl ether derived from cyclohexene–methanol 17
afforded the �-silyloxy cyclohexane–carboxaldehyde 18
in excellent yield and good ee (as determined by the
optical rotation of the alcohol 19 prepared by reduction
of 18).

Finally, we have shown that treatment of a substrate 20
with a phenethyl substituent affords a 3:1 mixture of
two ketones, namely the product of the normal non-
aldol aldol rearrangement 21 and also the product with
retained stereochemistry 22 (along with a trace amount
of the aldehyde 23) (Scheme 7). This is the first case of
a non-aldol aldol rearrangement with retention of
configuration and was a worrisome result until we
realized that is almost certainly due to the participation
of the phenyl group in opening the activated epoxide

and thus proceeds via a double inversion pathway.
Evidence for this mechanism comes from the formation
of a small amount of the tetralin bis-silyl ether 24.
Presumably the formation of 24 and 22 both proceed
via the reactive intermediate F in which the phenyl ring
has opened the silylated epoxide. Loss of a proton
would afford 24 while hydride transfer from the silyl-
oxymethyl unit would afford 22.

Thus, the non-aldol aldol process proceeds in a
diastereoselective manner with one isomer giving only
the expected ketone product and the other affording
both ketone and aldehyde via competing hydride and
alkyl group migrations. In addition we have presented
evidence for a novel silyl triflate-promoted Payne rear-
rangement of silyloxy epoxides. Finally, we have shown
the versatility of the non-aldol aldol reaction in several
different substrates, including an electrophilic
cyclization.11
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