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Abstract

The reaction of ethyl 2-(triphenylphosphoranylidene) acetate or propionate3a–b with �-chalcogeno ketenes
generated in situ by the reaction of�-chalcogeno acid chlorides1–2 with triethylamine in dichloromethane gives
moderate to good yields of 4-phenylchalcogeno allenic esters4. The corresponding 4-phenylseleno allenic esters
4a–ewere obtained in isolated yields of 60 to 93%, while 4-phenylthio allenic esters4f–j were obtained in isolated
yields of 74 to 93%. © 2000 Elsevier Science Ltd. All rights reserved.
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Allenes have been widely used as building blocks in organic chemistry.1 Among many methods
available to prepare this class of compounds, the Wittig and the Horner reactions are particularly
interesting for the construction of carbon–carbon double bonds, most notably because they allow
controlling olefin regio- and stereochemistry.2 In the synthesis of allenes, the reaction of ketenes (or
carboxylic acid chlorides) with carbalkoxy methylidene triphenylphosphoranes or carbalkoxy diethyl
phosphonate is very useful.3 This route gives access to carbalkoxy allenes, a useful moiety for further
transformations. To our knowledge, this route has not been completely explored for the synthesis of
allenes with the synthetically useful organosulfur or organoselenium4 and ester substituents. These
compounds are useful as multifunctional building blocks, combining the versatile chalcogeno and the
ester functionalities with the high and unique reactivity of allenes.1,5

In view of our continued interest in the synthesis of vinylic chalcogenides by Wittig-type reactions,6

we decided to explore the easily accessible carboxy phosphoranes3 (3a Rl=H; 3b Rl=Me) in order to
obtain 4-phenylchalcogeno allenic esters4 (Scheme 1). The reaction involves the treatment of ethyl 2-
(triphenylphosphoranylidene) acetate or propionate3a–b with �-chalcogeno ketenes generated in situ
by the reaction of�-chalcogeno acid chlorides1–2 with triethylamine in dichloromethane solution,
according to a procedure previously described.3d Some typical results are summarized in Table 1.

The reactions generally proceeded with very good yields of the desired products. They show a good
generality, working well for both phosphoranes3a and3b as well as with six different acid chlorides,
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Scheme 1.

Table 1
4-Phenylchalcogeno substituted allenic carboxylic esters prepared by the Wittig reaction

three with sulfur and three with selenium. Experimentally it was observed that the reactions were very
fast at 0°C, and they were usually completed within 10 min, but in all cases for convenience they were
worked-up only after 1 h, with no adverse effect of the longer reaction time. Simple extraction from the
crude mixture with petroleum ether furnished the almost pure products by1H and13C NMR analysis,
usually contaminated with small amounts of triphenylphosphinoxide. Whenever possible, the products
were purified by column chromatography or Kugelrohr distillation. Of all examples studied allenes4a
and4f proved to be the most labile and unstable during column chromatography purification on silica
gel. Thus, they were obtained in reasonable purity as analyzed by TLC and1H NMR by extraction from
the crude reaction mixture. All other examples could be purified by silica gel column chromatography.
For all compounds4 an absorption band near 1950 cm�1 assignable to the allenic function was observed
in the IR spectra; the signal, due to the central carbon atom of the allene, appears near 205–210 ppm in
the13C NMR spectra.

The�-phenylchalcogeno acid chlorides7,8c used in this work were easily accessible from the corres-
ponding�-phenylchalcogeno acids by the reaction with thionyl chloride in CCl4, followed by Kugelrohr
distillation. To obtain the allenes4a–g in a good purity it was crucial to use the acid chlorides freshly
distilled, since they decompose on storage. The only previously described synthetic application of alkyl-
phenylseleno ketenes involves a [2+2] cycloaddition with imines to give the corresponding�-lactams,7

while the sulfur derivatives have been applied to the synthesis of�-lactams and cyclobutanones.8

In summary, we have developed a very convenient method for the preparation of 4-phenylchalcogeno
allenic ethyl esters9,10 by generating�-phenylchalcogeno ketenes in situ from�-phenylchalcogeno acid
chlorides and by treating this species with carboxyphosphoranes.
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