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Silyl enolates that were generated from �-allyloxy esters af-
forded the corresponding [2,3]-Wittig rearrangement products in
moderate to good yields on treatment with a catalytic amount of
Lewis base such as tetrabutylammonium acetate or tetrabutyl-
ammonium 4-methoxybenzoate in DMF at room temperature.

Sigmatropic rearrangement of silyl enolates generated from
�-allyloxy carbonyl compounds is the tool counted useful for the
formation of new carbon–carbon bond. There are two possible
thermal sigmatropic rearrangements of these enolates: namely,
[3,3]-Claisen and [2,3]-Wittig rearrangements.1 In the case of
silyl enolates, thermal [3,3]-Claisen rearrangement is known to
proceed selectively2 while a report by Nakai et al. showed
[2,3]-Wittig rearrangement of trimethylsilyl (TMS) enolates
generated from �-allyloxy esters took place by using a catalytic
amount of silyl triflate.3

In the course of our investigation on Lewis base-catalyzed
reactions,4–7 it was revealed that the nitrogen anions generated
from amides or amines promoted the catalytic [2,3]-Wittig rear-
rangement of silyl enolates generated from �-allyloxy ketones
effectively.8 In order to make better use of synthetic utility of
this reaction, it was considered to apply silyl enolates generated
from �-allyloxy esters to the [2,3]-Wittig rearrangement despite
their low reactivities for rearrangement compared with those of
�-allyloxy ketones.2e,9

In the first place, Lewis base-catalyzed [2,3]-Wittig rear-
rangement of the TMS enolate generated from �-allyloxy benzyl
ester 1a10 was tried in the presence of a catalytic amount of lithi-
um 2-pyrrolidone in DMF at room temperature (Scheme 1).
Then, the rearranged product 2a was obtained only in 38% yield
though lithium 2-pyrrolidone had been considered the most ef-
fective catalyst for the [2,3]-Wittig rearrangement of silyl eno-
lates generated from �-allyloxy ketones.8

Then, Lewis base catalysts were screened in order to find an
effective one for this reaction (Table 1). In the first place, the re-
action was tried by using lithium acetate, but the desired product
2a was obtained in 34% yield only (Entry 1). On the other hand,
the reaction proceeded smoothly to afford 2a in 70% yield when
carried out with 20mol% of tetrabutylammonium acetate

(AcONBu4, 3, Entry 2). These results indicate that the nature
of counter cation of acetate had an influence on this reaction
and that the ammonium ion was an appropriate counter cation.
Then, various tetrabutylammonium carboxylates were further
screened so as to increase the yield of the rearranged product
and tetrabutylammonium 4-methoxybenzoate (4-MeOC6H4-
CO2NBu4, 4) was thus found also effective (Entry 4).11

Next, the ammonium carboxylate-catalyzed [2,3]-Wittig re-
arrangement was tried by using various TMS enolates generated
from �-allyloxy esters in the presence of a catalytic amount of 3
or 4 in DMF at room temperature (Table 2). Trimethylsilyl eno-
lates 1b or 1c having either an electron-donating or -withdraw-
ing substituent in the phenyl group of the ester moiety afforded
the [2,3]-Wittig rearrangement products in good yields (Entries
3–6) whereas enolate 1d that possesses a strongly electron-with-
drawing substituent such as trifluoromethyl afforded the desired
product only in a moderate yield (Entries 7 and 8). On the other
hand, no [2,3]-Wittig rearrangement product was detected when
the reaction was carried out by using the TMS enolate 1e gener-
ated from phenyl ester (Entries 9 and 10).

Further, effect of an allyloxy part contained in TMS enolates
on this reaction was examined (Table 3). In the first place, am-
monium carboxylate-catalyzed [2,3]-Wittig rearrangement was
tried by using TMS enolate 1f having an electron-donating meth-
yl group at the allyloxy part (Entries 1 and 2). Then, the rear-
rangement product 2f was obtained in low to moderate yields
when either 3 or 4 was used for the catalyst. Next, TMS enolate
1g which has an electronegative chlorine atom at the allyloxy
part was examined and the corresponding [2,3]-Wittig rear-
rangement product 2g was obtained in a good yield (Entries 3
and 4). These results indicate that the silyl enolates having an
electron-withdrawing substituent of the allyloxy part promoted
this rearrangement more effectively than the ones having an
electron-donating substituent.
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Table 1. Screening of the Lewis base catalysts

O
OBn

OSiMe3

CO2Bn

OH

1a 2a

H+Catalyst (20 mol %)

DMF, rt, 3 h

Entry Catalyst Yielda/%

1 AcOLi 34
2 AcONBu4 (3) 70
3 PhCO2NBu4 49
4 4-MeOC6H4CO2NBu4 (4) 83
5 2,4-(MeO)2C6H3CO2NBu4 71
6 4-ClC6H4CO2NBu4 30
7 4-NO2C6H4CO2NBu4 trace

aIsolated yield.
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Thus, the [2,3]-Wittig rearrangement of silyl enolates gener-
ated from �-allyloxy esters proceeded smoothly in the presence
of a Lewis base catalyst such as tetrabutylammonium 4-meth-
oxybenzoate or tetrabutylammonium acetate in DMF to afford
the desired products in moderate to good yields. Further devel-
opment of this reaction is now in progress.
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Table 3. Effect of allyloxy part of silyl enolates for tetrabutyl-
ammonium carboxylate-catalyzed [2,3]-Wittig rearrangement

O
OBn

OSiMe3R

CO2Bn

OHR

1f−g 2f−g

H+Catalyst (20 mol %)

DMF, rt, 3 h

Entry R Catalyst Yielda/%

1 Me 1f 3 23
2 Me 1f 4 40
3 Cl 1g 3 77
4 Cl 1g 4 80

aIsolated yield.

Table 2. Tetrabutylammonium carboxylate-catalyzed [2,3]-
Wittig rearrangement of �-allyloxy ketene silyl acetals

H+Catalyst (20 mol %)

DMF, rt, 3 h
O

OR

OSiMe3

CO2R

OH

1a−e 2a−e

Entry R Catalyst Yielda/%

1 PhCH2 1a 3 70
2 PhCH2 1a 4 83

3 4-MeOC6H4CH2 1b 3 82
4 4-MeOC6H4CH2 1b 4 77

5 4-ClC6H4CH2 1c 3 63
6 4-ClC6H4CH2 1c 4 84

7 4-CF3C6H4CH2 1d 3 40
8 4-CF3C6H4CH2 1d 4 49

9 Ph 1e 3 n.d.b

10 Ph 1e 4 n.d.b

aIsolated yield. bn.d.; not detected.
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