
A dianion equivalent of methoxyacetone was successfully
generated using 1-methoxy-1-trimethylsilylallene oxide and
titanium tetraiodide and subsequent reaction with acetals or
aldehydes gave α-methoxy-α,β-unsaturated ketones in good
yields.

Although interesting species are generated from allene
oxide and the subsequent reactions proceed to give several
products, these relatively reactive intermediates have not been
fully utilized in organic synthesis.  We have recently described
a useful reaction using methoxyallene1 oxide and titanium
tetraiodide,2 where reductive formation of the enolate of
methoxyacetone led to regioselective aldol reaction, giving α-
methoxy-β-hydroxy ketones in good yields with good diastereo-
selectivity.3 In an effort to find the utility of derivatives of
methoxyallene oxide, silylated species are expected to undergo
further Peterson-type olefination4 with acetals or aldehydes to
give α-methoxy-α,β-unsaturated ketones.  This report describes
a successful generation of a dianion equivalent of methoxyace-
tone from 1-methoxy-1-trimethylsilylallene oxide and subse-
quent reaction with acetals  or aldehydes.

The starting material, 1-trimethylsilyl-1-methoxyallene 2
was readily prepared according to the reported procedure in
good overall yield.5 The epoxidation of 1-trimethylsilyl-1-
methoxyallene 2 was regioselectively carried out at the elec-
tron-rich carbon–carbon double bond6 with m-CPBA7 to give 1-
trimethylsilyl-1-methoxyallene oxide 3.  Subsequent treatment
of the crude allene oxide with TiI4

8 and acetal or aldehyde gave
(Z)-α-methoxy-α,β-unsaturated ketone with complete regiose-
lectivity  and diastereoselectivity.9 The results of reaction with
acetals  are summarized in Table 1.10

The reaction with benzaldehyde dimethylacetal in the
absence of additives gave (Z)-3-methoxy-4-phenyl-3-buten-2-

one 5 in low yield (entry 1).  As in the cases with the results
previously reported,3 the addition of carboxylic acid  or water
improved the product yields.  Among the carboxylic acids
examined, the addition of benzoic acid improved the yield up to
49% (entries 2–4).  The best result was obtained using distilled
water (4.0 equiv) as an additive (entry 6).  In the case of p-tolu-
aldehyde dimethylacetal, the yield was lower than that of ben-
zaldehyde dimethylacetal.  One of the roles of the added water
may be that of increasing the solubility of m-chlorobenzoic acid
formed as a by-product in the oxidation of allene and to facili-
tate the oxonium ion formation in the reaction with acetals.
However, only a small amount of the adduct was obtained in
the reaction with aliphatic aldehyde dimethyl acetal.  We then
turned our attention to the use of aldehydes, and  the results are
summarized in Table 2.11

When the reaction was carried out in the presence of TiI4
or AlI3, the desired adduct 5 was obtained in low yields (entries
1 and  2).  In order to improved the product yield several Lewis
acids were added.  Among the Lewis acids screened borontri-
fluoride etherate was not effective to give the adduct in low
yield (entry 3), whereas the use of trimethylsilyl trifluoro-
methanesulfonate effectively improved the yield (entry 5).  The
best result was obtained using m-CPBA (2.0 equiv) and subse-
quently TiI4 (2.0 equiv)–TMSOTf (1.5 equiv), and the enone 5
was obtained in 73% yield (entry 6), in which the use of
trimethysilyl trifluoromethanesulfonate also promoted Peterson
elimination reaction.  Under the optimum conditions the reac-
tion of 1-trimethylsilyl-1-methoxyallene oxide with various
aldehydes was carried out.  Although aliphatic and α,β-unsatu-
rated aldehydes did not give the desired adduct, aromatic coun-
terparts underwent addition–elimination to give the enones 5 in
good yields, showing that the present reaction is suitable for the

756 Chemistry Letters 2001

Copyright © 2001  The Chemical Society of Japan

Use of 1-Methoxy-1-trimethylsilylallene Oxide and Titanium Tetraiodide
as a Dianion Synthon of Methoxyacetone

Ryuuichirou Hayakawa, Hiroaki Makino, and Makoto Shimizu*
Department of Chemistry for Materials, Mie University, Tsu, Mie 514-8507

(Received May 17, 2001; CL- 010462)



addition to relatively reactive aldehydes.  Regarding the reac-
tion mechanism, the present reaction  most probably proceeds
via the following pathways.

The titanium enolate 6 is formed via ring-opening reaction of
the methoxyallene oxide 3 with titanium tetraiodide and under-
goes protonation with 3-chlorobenzoic acid to give iodo ketone 7.
The iodo ketone 7 is then transformed into the titanium enolate 8
via reduction of the iodide with the iodide anion, and the subse-
quent reaction with aldehyde followed by the Peterson olefination
reaction under the acidic conditions12 gives the enone 5. 

In conclusion, we have found that 1-trimethylsilyl-1-
methoxyallene oxide 3 behaves as a dianion equivalent of
methoxyacetone under the influence of TiI4–TMSOTf.  Since
various alkoxyallene derivatives are readily available from the
corresponding propargyl ethers, the present procedure offers a
good method for the generation of enolate from methoxyace-
tone in a regioselective manner.
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