
Lewis Base-catalyzed [2,3]-Wittig Rearrangement of Silyl Enolates Generated
from �-Allyloxy Ketones

Yoshinori Sato,y;yy Hidehiko Fujisawa,y;yy and Teruaki Mukaiyama�y;yy
yCenter for Basic Research, The Kitasato Institute (TCI), 6-15-5 Toshima, Kita-ku, Tokyo 114-0003

yyKitasato Institute for Life Sciences, Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641

(Received January 26, 2005; CL-050120)

Silyl enolates generated from �-allyloxy ketones afforded
the [2,3]-Wittig rearrangement products in good to high yields
in the presence of a catalytic amount of Lewis base such as lithi-
um 2-pyrrolidone, lithium acetamide, or lithium hexamethyldi-
silazide in DMF at room temperature.

The sigmatropic rearrangement of enolates generated from
�-allyloxy carbonyl compounds is an important tool for the for-
mation of new carbon–carbon bond. These enolates undergo two
competitive thermal sigmatropic shifts, i.e. [3,3]-Claisen and
[2,3]-Wittig rearrangement and the possibilities of these two
types of rearrangements are dependent on the nature of the eno-
lates:1 i.e. metal enolates generated from esters or amides gener-
ally afford the rearranged products via [2,3]-Wittig rearrange-
ment2,3 while the enolates generated from ketones undergo both
the above two types of sigmatropic rearrangements,4,5 and silyl
enolates generated from esters or ketones afford the rearranged
products via [3,3]-Claisen rearrangement.3,5,6 On the other hand,
[2,3]-Wittig rearrangement of trimethylsilyl (TMS) enolates
generated from esters takes place in the presence of a catalytic
amount of silyl triflate.7

It was shown from our laboratory that TMS enolates were
successfully activated with a Lewis base catalyst such as the ni-
trogen or oxygen containing-anions generated from amides,
imides, or carboxylic acids, which promoted aldol,8 Michael,9

and Mannich-type reactions.10 Then, in order to further extend
the synthetic utility of these catalysts, Lewis base-catalyzed in-
tramolecular rearrangement of silyl enolates was considered.
In this communication, we would like to report on a Lewis
base-catalyzed [2,3]-Wittig rearrangement of silyl enolates gen-
erated from �-allyloxy tetralones and �-allyloxy-4-chromanone.

In the first place, Lewis base-catalyzed [2,3]-Wittig rear-
rangement was tried by using TMS enolate generated from �-
allyloxy tetralone 1a as a model (Scheme 1). Expectedly, the re-
action proceeded smoothly to afford the [2,3]-Wittig rearrange-

ment product 2a in 81% yield, however, [3,3]-Claisen rearrange-
ment product 3a was obtained in 10% yield when 1a was treated
with a catalytic amount of lithium diphenylamide in DMF at
room temperature. While, the thermolysis in THF afforded the
[3,3]-Claisen rearrangement product 3a. These results indicate
that the possibility of the above two rearrangements is controlled
by either methods of Lewis base-activation or thermolysis of
silyl enolate.

Then, Lewis base catalysts were screened in order to
increase the amount of 2a (Table 1). It was then found that
lithium 2-pyrrolidone, lithium acetamide, and lithium hexa-
methyldisilazide (LHMDS) were effective Lewis base catalysts
and thereaction proceeded smoothly at room temperature in
DMF to fford the corresponding [2,3]-Wittig rearrangement
product 2a selectively.11,12

Next, Lewis base-catalyzed [2,3]-Wittig rearrangement was
studied by using silyl enolates prepared from 6-substituted �-
allyloxy tetralones (1b, 1c) and �-allyloxy-4-chromanone (1d)
in the presence of 20mol% of lithium 2-pyrrolidone in DMF
at room temperature (Table 2). Trimethylsilyl enolates generat-
ed from �-allyloxytetralones having an electron-donating or
-withdrawing substituent afforded the [2,3]-Wittig rearrange-
ment products along with a small amount of [3,3]-Claisen rear-
rangement products. Next, Lewis base-catalyzed [2,3]-Wittig re-
arrangement of TMS enolate generated from �-allyloxy-4-chro-
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manone was attempted, however, the enolate was not isolated
because the [3,3]-Claisen rearrangement took place spontane-
ously at room temperature. In order to prevent this thermal rear-
rangement, triethylsilyl (TES) enolate 1d was prepared and it
was found that it is stable enough to isolate by column chroma-
tography at room temperature. Then, Lewis base-catalyzed
[2,3]-Wittig rearrangement of TES enolate 1d was tried and
the corresponding [2,3]-Wittig rearrangement product 2d was
obtained in a good yield without accompanying [3,3]-Claisen
rearrangement product 3d.

Further, effect of an allyloxy part of the TMS enolate on the
rearrangement was examined by using 1e and 1f (Scheme 2).
When reactions were carried out in the presence of lithium 2-
pyrrolidone, yields of 2e13 and 2fwere 76 and 50%, respectively.
Lewis base catalysts were further examined in order to improve
the yields and it was found that LHMDS was an appropriate cat-
alyst for these enolates and the corresponding [2,3]-Wittig rear-
rangement products were afforded in better yields than those
when lithium 2-pyrrolidone was used.

It is noted that Lewis base-catalyzed reactions of silyl
enolates generated from �-allyloxy ketones afforded the [2,3]-
Wittig rearrangement products. Further development of this
reaction is now in progress.

This study was supported in part by the Grant of the 21st
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Table 2. Lithium 2-pyrrolidone-catalyzed [2,3]-Wittig rear-
rangement of silyl enolates
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