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Esters are versatile electrophiles for carbon-carbon bond forma-
tion, which includes Claisen condensation and related acylations.1

Although olefination of ester carbonyls would appear to be useful
for the synthesis of enol ethers, conventional methods such as the
Wittig reaction generally have been unsuccessful in realizing
olefination2 due to the lower electrophilicity of esters. Instead, metal
carbenoids, such as Tebbe reagents, are used to accomplish this
transformation; however, they are limited to the preparation of
simple enol ethers.3 The stereocontrolled synthesis of multisubsti-
tuted and functionalized enol ethers via olefination therefore still
remains a challenge for organic chemists. If a new, reactive
olefination reagent were available, this problem essentially could
be overcome. Over the past few years, we have developed the
torquoselective olefination of aldehydes, ketones, and acylsilanes
with ynolates4 via ring-opening ofâ-lactone enolates and have
demonstrated the versatility of ynolates as olefination reagents.5

Herein, we describe the first highly stereoselective synthesis of
tetrasubstituted, functionalized (E)-enol ethers via olefination of
esters with ynolates and also report the homologation of thiol esters
with C-S insertion (Scheme 1).

We first examined the reaction ofO-alkyl esters with ynolates
(Scheme 2). At-78 °C, the ynolate, generated by treatment of
phenyl 2,2-dibromopropanoate6 with tert-butyllithium,7 did not react
with ethyl benzoate; however, at room temperature, the starting
ester disappeared in 1 h. Consequently, the enol ether,â-ethoxy-
R,â-unsaturated carboxylic acid, was obtained in 94% yield with
anE/Z ratio of 89/11 (Table 1, entry 1). Encouraged by this result,
we decided to survey the generality for the olefination of esters, as
shown in Table 1. While the olefination of ethylp-methoxybenzoate
(1b) gave the desired olefin3ba in good yield with moderate
selectivity (entry 2), ethylp-nitrobenzoate (1c) afforded the product
3ca with higherE-selectivity (entry 3). Aliphatic and unsaturated
esters provided olefins with excellentE-selectivities in good yields
(entries 4-13). Sterically hindered and aromatic ynolates can also
be used in this olefination (entries 6 and 7). The fact that allyl and
tert-butyl esters, as well as ethyl esters, could furnish olefins with
excellentE-selectivities would indicate that this olefination can be
used for the preparation of enol ethers bearing intricateO-alkyl
groups. Acetal and siloxy functions were tolerated during the
reaction (entries 10 and 11). It should be noted that excellent yields
and selectivities were achieved usingR-amino esters derived from
L-amino acids (entries 12 and 13).8 Compared with the correspond-
ing allyl ester1f without an amino group, this tendency toward
higher efficiency was outstanding. From these results, we have
demonstrated the versatility and generality of this olefination of
esters via their reaction with ynolates.

To trap the intermediateâ-lactone, the reaction mixture was

quenched at-30 °C; however, only the carboxylic acid was
obtained, suggesting that theâ-lactone enolate, the most probable
intermediate, immediately ring-opens as the cycloaddition proceeds.
The E/Z selectivity would be controlled in the electrocyclic ring-
opening of theâ-lactone enolate, as described in our previous
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Table 1. Olefination of Esters via Reaction with Ynolates

a A small amount ofâ-keto ester was obtained as a side product.b Isolated
as the methyl ester.
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reports.5 The preferential generation of theE-form indicates outward
rotation of the alkoxy substituent on the oxetene (â-lactone enolate).
These results can be elucidated by Houk’s torquoselectivity, which
shows that electron-donating substituents, such as alkoxy groups,
rotate outward.5e,9

The olefinated products,R,â-substituted (E)-â-alkoxyacrylic
acids, were converted to synthetically useful intermediates. For
example, the carboxylic acid3da was transformed to the Weinreb
amide4,10 which was reacted with methyllithium to give the methyl
ketone5 in good yield (Scheme 3). The Claisen rearrangement of
theâ-allyloxyacrylic ester6, prepared from3fa, furnished theâ-keto
ester7 bearing a quaternary carbon in good yield. These transfor-
mations demonstrate the high potential ofâ-alkoxy acrylic acids
in synthetic organic chemistry.

In contrast to esters, thiol esters8 did not provide the olefins,
but instead gave the homologatedâ-keto thiol esters12 in good
yields (Scheme 4). The efficient elimination of the thiolates (R2-
SLi) from the initial adducts9, formed by the addition of the
ynolates to8, would be followed by the attack of the thiolate on
the resultingR-keto ketene10 to afford the â-keto thiol ester
enolates11. Both esters of dodecanethiol and thiophenol provided
the desiredâ-keto thiol esters12 in good yields. This homologation
can be formally regarded as the insertion of the ynolate carbon
framework into the C-S bond of thiol esters, which is a new type
of Claisen condensation. This olefination-insertion switching would
depend on the leaving-group ability of the (thio)alkoxides.11

In conclusion, we have developed the first stereoselective
olefination of esters affording tetrasubstituted, functionalized enol
ethers, which are useful synthetic intermediates for various C-C
bond formations. We also have found a new homologation of thiol
esters givingâ-keto thiol esters. The reaction mode changes

depending especially on the leaving-group ability of the corre-
sponding alkoxide or thioalkoxide on the ester. This methodology
with ynolates could be applied to a wide variety of esters and related
carbonyl compounds. Synthetic applications are now in progress
in our laboratory.
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