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Abstract

The carbene complex (CO)5W@C(Ph)OEt (1) reacts with the ketene acetal Me2C@C(OSiMe3)2 (2) in the presence of t-BuOK to
give the anhydride C12H12O3 (3) characterized by an X-ray analysis, upon cleavage of both oxygen–silicon bonds, elimination of the
ethoxy group, insertion of CO, and elimination of W(CO)4.
� 2005 Elsevier B.V. All rights reserved.
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Silyl enolethers as well as silyl ketene acetals are now
classical partners of aldehydes and ketones in the
Mukaiyama aldolization reaction. In that respect,
bis(trimethylsilyl)ketene acetals are especially valuable
[1–3]. Moreover, they can be used, first in conjunction
with epoxides, according to route A (Scheme 1) for the
preparation of c-butanolides as the result of an intramo-
lecular reaction [4,5]. In that instance, the bis (TMS)
ketene acetals behave, on a formal point of view, as a
1,2-dipole, interacting with the epoxide first as a
C-nucleophile then as a C-electrophile, the overall trans-
formation being a 2 + 3 cycloaddition.

Second, we described recently their behaviour as easy
to use precursors of 1,3-C,O dinucleophiles formed
upon successive cleavage of the two oxygen–silicon
bonds according to route B (Scheme 1) [6,7]. This special
reactivity allowed us to synthesize inter alia c lactones
upon a 2 + 3 cycloaddition of these dinucleophiles to
suitably metal-activated carbon–carbon double bonds
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of arene chromium tricarbonyl complexes [6], of 1/4-
allyl complexes of palladium [7], and more recently of
piperazines even without any metal [8].

Herein, we describe a further example of the unique
behaviour of this type of ketene acetals: their addition
to a Fischer carbene complex of tungsten which led to
the formation of an anhydride.

Thus, addition of a molar solution of t-BuOK in
THF (1 eq) to a THF solution of the ketene acetal 2
(1 eq) at �40 �C led to the corresponding enolate [6,7].
This solution was then added, at the same temperature
to complex 1 (0.8 eq) in THF. After stirring at that tem-
perature for 1 h, warming to room temperature and stir-
ring for a further 2 h, work up as usual followed by flash
silicagel chromatography led to a white, crystalline so-
lid, mp 85 �C in 30% yield [9].

According to the physical data, no metal was present
in this compound. The 1H NMR spectrum was very sim-
ple: a first observation was the disappearance of the sig-
nals for the ethoxy group of the starting complex. It
displayed only three types of signals, two singlets at
respectively d 0.98 and 1.49 ppm, attributable to the
methyl groups of the starting ketene acetal, five aromatic
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protons between d 7.13 and 7.37 ppm originating from
the carbene complex, and a singlet corresponding to
one proton at d 4.10 ppm. The 13C NMR spectrum con-
firmed the presence, besides the aromatic carbons, of the
two methyl groups at d 22.40 and 24.44 ppm, of a quater-
nary carbon at d 46.72 ppm and of a methine group at
d 58.25 ppm. Most important was however the presence
of signals for two carbonyl groups at d 170.62 and 176.00
ppm. Taken together with the mass spectrum, these data
agreed only with a structure such as 3, thus an anhydride
(Scheme 2).

Crystals of the new compound were grown from solu-
tions of hexane and dichloromethane which allowed an
X-ray analysis [10], confirming (Fig. 1) the suggested
structure 3. This compound results indeed from the
addition of the ketene acetal to the carbene complex
with loss of the two TMS and of the ethoxy groups,
along with the insertion of a CO group (Scheme 3).

This result can be rationalized in view of previous
observations from this Laboratory [11,12] and from oth-
ers [13,14]. The addition of nucleophiles to Fischer car-
bene complexes to give useful functionalized tetrahedral
intermediates is now well established: addition of the
enolate 4 originating from the ketene acetal and potas-
sium t-butoxide probably led to a potassium (1-alkoxy
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Fig. 1. X-ray structure of compound 3.
3-oxatrimethylsilylcarboxylate)pentacarbonyl tungstate
(5). At this stage a CO insertion reaction, as observed
in many instances for such intermediates [15,16], would
take place. Metal-assisted elimination of the ethoxy
group in 6 might then lead to a coordinated ketene com-
plex 7. Finally, an intramolecular interaction of the
TMS ester group with the central carbon of the ketene
function would furnish the observed anhydride 3 via 8.
The key point of this transformation is the loss of potas-
sium ethoxide, which then triggers the cleavage of the
second silicon–oxygen bond and allows the interaction
of the oxygen nucleophilic terminus of the ketene acetal
with the coordinated ketene [17,18].

Since the so formed anhydride is moisture sensitive,
especially on silica gel, care must be taken during the
purification step, to avoid erratic results due to decom-
position reactions.

The result described herein confirms again the pecu-
liar behaviour of bis(trimethylsilyl)ketene acetals as
1,3-carbon,oxygen dinucleophiles and the possible use
of carbene complexes as precursors of ketenes. This re-
sult is in contrasting difference with the reaction of
bis(dialkyl)ketene acetals with Fischer carbene com-
plexes described by Wulff et al. [19] which led to lactones
as the result of a nucleophilic addition, a C–H insertion
but without any CO insertion. It displays a new example
of the easy base-assisted cleavage of the silicon–oxygen
bonds and of the intramolecular interaction of a nucle-
ophile, here a trimethylsilyl ester, with the central car-
bon of a coordinated ketene.
Supplementary material

Crystallographic data for the structural analysis of
the anhydride 3 have been deposited with the Cam-
bridge Crystallographic Data Centre, CCDC No.
266338. Copies of this information may be obtained free
of charge from: The Director, CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK, fax: +44 1223 336 033,
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