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Abstract

But-1-en-3-ynes react with lithium and chlorotrimethylsilane in THF to give 1,4-bis(trimethylsilyl)buta-2,3-
dienes. Epoxidation of these allenes leads to oxyallyI species which are trapped by nucieophilic reagents to give
1.4-bis(trimethylsilyl)butan-3-ol-2-one derivatives. @ 1999 Published by Elsevier Science Ltd. All rights reserved.

The epoxidation of allenes constitutes a fascinating part of their chemistry.! Allene monoepoxides C
are very reactive intermediates which can be isolated in some cases,? or isomerized into cyclopropanones
E.3 More usually, the allene epoxides undergo a nucleophilic addition giving stable products B.*
Interestingly, monoepoxy vinylallenes give rise to cyclopentenones®>® and they have been proposed as

biogenetic precursors of prostanoids.”
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In the case of the very polar oxyallyl intermediate D, we can hypothesize that its stability can be
increased by the presence of a trimethylsilylmethyl group; a comparable stabilization effect has been
observed in the silicon-directed Nazarov cyclization.®® In order to evaluate this possible stabilization,
we have prepared silylated allenes and studied their behavior in the presence of m-chloroperbenzoic
acid.!?

Many conjugated dienes interact with alkali metals in the presence of chlorotrimethylsilane to give a
variety of 1,4-bis(trimethylsilyl)but-2-enes!! or 1,8-bis(trimethylsilyl)octa-2,6-dienes,!? resulting from
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a 1,4-addition of silyl groups. Similarly, we thought that treatment of but-3-en-1-ynes should yield
1,4-bis(trimethylsilyl)buta-2,3-dienes or 1,8-bis(trimethylsilyl)octa-1,2,6,7-tetraenes.!3> We observe that
butenynes 1 and 3 give rise to 1,4-bis(trimethylsilyl)buta-2,3-diene derivatives. Interestingly, the butenyn-
ylsilanes 5 and 7 afford trisilylated allenic derivatives 6 and 8, respectively.!* These compounds are
obtained in moderate to excellent yields and, in contrast to the reaction involving buta-1,3-dienes, no
products resulting from a reductive dimerization of the radical anion were obtained. To the best of our
knowledge, the reduction of but-3-en-1-ynes is the only practical method for the preparation of 1,4-
bis(trimethylsilyl)buta-1,2-dienes.
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We assume that the reduction of the enyne 1 by lithium involves the trapping of the short-lived radical
anion F1 or F2 by chlorotrimethylsilane or more probably F1 or F2 undergoes a second addition of an
electron to give 1,4-dilithiobuta-1,2-diene derivative G. Derivatization with trimethylsilyl chloride (hard
electrophile, ‘fat proton’) should occur without isomerization.!

)\ ]_| Me3SiCI 2
+ Li — Tee X \

7 THE SN )

1 Li F1 Li G LiCl

Next, the epoxidation of silylated allenes 2, 4, 6 and 8, using m-chloroperbenzoic acid in CH,Cl; in
the presence of Na; CO3, affords silylated o, B- enones and silylated (x-hydroxyketone derivatives.1®
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The 1,4-bis(trimethylsilyl)buta-2,3-dienes bear both bis-allylsilane and vinylsilane moieties. The
semiempirical PM3 calculations on 2 indicated a strong interaction of the central Tt-bond with the O-
(Si—C) bonds. This orbital interaction caused a destabilization of the HOMO level (-8.41 eV) and a slight
stabilization of the LUMO (0.55 eV) (for 2-methyl-2,3-pentadiene, —9.51 €V and 1.07 eV, respectively).
The high energy level of the HOMO should increase the rate of the epoxidation. Consequently, for
an electrophilic addition, the most reactive double bond was that of the bis-allylsilane moiety and the
formation of the epoxide H should be favored.

The products from the epoxidation of silylated allenes could result from an elimination process or a
nucleophilic attack on the oxyallyl J. In this intermediate, one of the trimethylsilyl groups stabilizes the
positive charge while the other stabilizes the enolate moiety.!” The most surprising feature is the weak
process of loss of the silyl group in the presence of some nucleophilic species.!8
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In conclusion, the addition of lithium metal to but-1-en-3-ynes affords a simple and efficient
route to the preparation of 1,4-bis(trimethylsilyl)buta-1,2-dienes which lead, in the presence of m-
chloroperbenzoic acid, to the corresponding &-hydroxyketones without loss of the trimethylsilyl groups.
Thus, the but-1-en-3-yne moiety can be functionalized, in two simple steps.
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