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Abstract

Lewis acid-catalyzed trans-carbosilylation of alkynes with propargyl- and allenyltrimethylsilanes produces
the corresponding silylated 1,4-enynes and vinylallenes regio- and stereoselectively. # 2000 Elsevier
Science Ltd. All rights reserved.
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We recently reported the Lewis acid-catalyzed inter- and intramolecular trans-allylsilylation1aÿc

and intramolecular trans-vinylsilylation2 of unactivated alkynes. The HfCl4-catalyzed addition of
allylic silanes to alkynes gave 1 in high yields, and the intramolecular version of the allylic silane±
alkyne addition produced 2 in good to high yields (Eqs. (1) and (2)). Furthermore, the EtAlCl2-
catalyzed intramolecular reaction of alkenylsilanes bearing an alkynyl carbon tether a�orded 3 in
good yields (Eq. (3)).
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It occurred to us that the use of propargyl- or allenylsilanes, instead of allylsilanes, would give
the corresponding allenyl or propargyl addition products, respectively. A report about the
carbometallation of alkynes with propargylmetals is available.3 One of the reasons for the lack
of investigation of the propargyl metallation is perhaps the fact that the selective synthesis of
propargyl organometallics is not easy and is very often accompanied by the formation of allenyl
organometallics due to facile equilibration between these two substrates.4,5 Fortunately, however,
propargyltrimethylsilanes can be easily prepared with good yields,6 and they are, in general, air
and moisture stable, while the corresponding magnesium, zinc, and aluminium derivatives are not
stable.
The EtAlCl2-catalyzed carbosilylation of phenylacetylene 4a with propargyltrimethylsilane 5a

a�orded the 1,4-enyne 6a in 34% yield along with many by-products (Eq. (4)).

�4�

Other Lewis acids, such as HfCl4 and ZrCl4, gave lower yields. It was thought that it would be
di�cult for Lewis acids to distinguish the three di�erent triple bonds, that of propargyl-trimethyl-
silane 5a, the starting alkyne 4a, and the product 6a. Therefore, we investigated the reaction of
the substituted propargyltrimethylsilane 5b; it was expected that the stereoelectronic di�erence
between the three alkyne units of 4a, 5b, and 6b must become more conspicuous than that
between 4a, 5a, and 6a. The propargylsilane 5b was prepared from the reaction of the dilithiated
1-pentyne with chlorotrimethylsilane.6e The EtAlCl2-catalyzed reaction of 5b with 4a produced
the 1,4-enyne 6b in 66% yield.
The reaction of the non-terminal propargyltrimethylsilane 5c with 4a gave a di�erent type of

product, the vinylallene 7a, in 60% yield (Eq. (5)).

�5�

Other catalysts, such as EtAlCl2±TMSCl and AlCl3, also gave the vinylallene 7a in lower yields.
Other alkynes 4b, c, and d reacted similarly to give the corresponding allenylsilylated products 7b,
c, and d, respectively, in good yields. The structures of 6a, b, and 7a±d were con®rmed unam-
biguously by 1H NMR, 13C NMR, IR, and mass spectra.7

The HfCl4-catalyzed carbosilylation of phenylacetylene 4a with allenyltrimethylsilane 8c, which
was prepared from the reaction of the mesylate of 3-trimethylsilyl-2-propyn-1-ol with CH3MgCl
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and CuBr±LiBr,6f gave the vinylallene 7a in 50% yield (Eq. (6)). It should be noted that the
reaction of 8c and that of 5c gave the same product 7a.

�6�

The isomerization of 5c under the reaction conditions (HfCl4, CH2Cl2, 0
�C) did not take place,

but 8c isomerized under the reaction conditions to a�ord 5c. On the other hand, the terminal
propargyltrimethylsilane 5b isomerized under the reaction conditions to a�ord the corresponding
allenyltrimethylsilane 8b.
The above complicated observations can be summarized and explained as follows: The terminal

propargyltrimethylsilanes 5a and b undergo isomerization in the presence of Lewis acids to give
the corresponding allenyltrimethylsilanes 8a and b, respectively. Then, the reaction of 8a and b
with alkynes give the corresponding trans-addition products, 1,4-enynes 6a and b, respectively
(Eq. (7)). On the other hand, the non-terminal propargyltrimethylsilane 5c reacts with alkynes
without isomerization to give vinylallenes 7 (Eq. (8)). It is clear that here g-addition of the allenyl-
silanes 8a and b and the propargylsilane 5c to alkynes also takes place, as observed in the reaction
of allylsilanes.1a,b

�7�

�8�

The intramolecular version of the propargylsilane±alkyne addition was investigated. The
AlBr3-catalyzed reaction of 9 gave the silylated cyclic vinylallene 10 in 49% yield (Eq. (9)).

�9�

We are now in a position to prepare e�ectively various types of silylated 1,4-enynes and vinyl-
allenes regio- and stereoselectively in good yields via the Lewis acid-catalyzed carbosilylation of
unactivated alkynes. The resulting silylated 1,4-enynes and vinylallenes8 may be useful as building
blocks in organic synthesis.
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