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ABSTRACT

A newly developed strategy for construction of eight-membered carbocycles via [6 + 2] annulation that involves the combination of â-alkenoyl
acylsilanes and a vinyllithium derivative is described. A unique feature of this annulative approach is that it enables in one operation and a
stereoselective manner construction of eight-membered ring systems containing useful functionalities for further synthetic elaboration from
readily available six- and two-carbon components.

The construction of eight-membered carbocycles remains a
significant synthetic challenge because they constitute com-
mon structural cores of a large number of biologically
important natural and nonnatural products.1 Recently, we
reported a novel and efficient method for constructing seven-2

and eight-membered carbocycles3 using Brook rearrangement
mediated [3+ 4] annulation. In this letter, we describe our

preliminary results for formation of eight-membered car-
bocycles by the unprecedented [6+ 2] annulation. Our basic
strategy, shown in Scheme 1, is the formation of an eight-

membered ring by oxyanion-accelerated Cope rearrangement4

(2 f 1) of 1,2-divinyl cyclobutanolate, which can be
generated by a tandem sequence involving an internal
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carbonyl attack by the siloxy carbanion (3 f 2) and Brook
rearrangment5 (4 f 3) from â-alkenoyl acylsilane6 and
vinyllithium derivative5.

Since the formation of eight-membered carbocycles using
the oxyanion-accelerated Cope rearrangement of 1,2-divin-
ylcyclobutanes has been well-documented,4 it seemed to us
that the formation of a four-membered ring by the internal
carbonyl attack by the siloxy carbanion (3 f 2) seemed to
be the key element for realization of the above process. First,
we decided to carry out a model experiment on the reaction
of γ-keto acylsilane11a, which was prepared by a route
starting from 1,3-dithiane derivative76 as shown in Scheme
2, with phenyllithium to test the feasibility of this approach.

When11a in THF was treated with phenyllithium at-80
°C and allowed to warm to-30 °C, cis-1,2-cyclobutanediol
derivative12a, Brook rearrangement/cyclization product of
the adduct, was obtained in 67% yield along with silyl-
rearranged products of12a,13a (10%), and its dehydration
product 14a (9%). The structural assignment of12a was
based on the appearance and disappearance of the13C NMR
signals atδ 82.7 and 83.0 for the quaternary carbons and at
δ 213.4 and 245.0 for the carbonyl carbons, respectively.

The 1,2-cis stereochemistry, indicated by the presence of
cross-peaks between a proton on the phenyl group and a
methyne proton of the isopropyl group in NOESY experi-
ments, is interpreted as the result of the internally O-Si
coordinated structure15.7 The generality of this tandem
process has been demonstrated by the formation of five- to
seven-membered carbocycles, although the yield decreased
with increase in ring sizes.8 This trend regarding yield and
ring sizes is in sharp contrast to the corresponding tandem
Brook rearrangement/intramolecular Michael reaction,9 in
which similar yields were obtained with four- to six-
membered carbocylces. The fact that the best yield (86%
total yield) was obtained with a four-membered ring can be
explained by invoking an attractive interaction between the
silyl group and carbonyl oxygen in the six-membered
transition state16and/or by assuming a reactantlike structure
for an early transition state originating from the unstable
siloxy carbanion. Encouraged by the above results, we

proceeded to investigate the possibility of formation of eight-
membered carbocycles by [6+ 2] annulation. The requisite
six-carbon unit20 was prepared by the route shown in
Scheme 4, which involves addition of cyanohydrins1710 to
acryloylsilane1811 followed by hydrolysis of the cyanohydrin
moiety into ketone.

When â-alkenoylsilanes20 in THF were treated with
â-(trimethylsilyl)vinyllithium 21, generated fromâ-(tri-
methylsilyl)vinyl bromide withtert-butyllithium, and then
allowed to warm to-10 °C, the desired eight-membered
carbocycles22 were obtained as a single diasteromer in
acceptable yields and as the only identifiable product.12 The
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structure of22a was assigned on the basis of13C and1H
NMR spectra, which show the carbonyl signal atδ 214.7
and a proton signal atδ 4.64 (d,J ) 11.5 Hz, H-5) and
carbon signals atδ 102.7 and 153.4 corresponding to the

enol silyl ether moiety, and of comparison of their spectral
data with those of the corresponding seven-membered
carbocycles.2 The relative stereochemistry was assigned on
the basis ofJ6,7 (3.6 Hz) and of the presence of cross-peaks
between H-6 and H-7 protons in NOESY experiments.

The selective addition of vinyllithium to the acylsilane
moiety in the presence of ketones observed in both reactions
with 11 and 20 can be attributed to the less encumbered
nature of acylsilanes arising from the abnormally long
Si-CO bond relative to the analogous bond length in
C-CO.13

In conclusion, we have developed a novel strategy for the
construction of functionalized eight-membered carbocycles
in a stereodefined manner featuring a Brook rearrangement
mediated tandem process. Further expansion and applications
of this methodology are in progress and will be reported in
a forthcoming paper.
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