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It has long been recognized that Fischer carbene
complexes containing an R-silicon group (e.g., 1, Scheme
1) are relatively unstable.1 Attempts to prepare this class
of compounds often result in the synthesis of vinylsilanes
(e.g., 2) and not stable carbene complexes. On the basis
of these observations, it was predicted that carbene
complex 5, obtained from regioselective insertion of
propargylsilane 3 into carbene complex 4,2 would spon-
taneously undergo this silicon migration process and
afford the conjugated diene derivative 6.3 Examination
of this reaction process is the subject of this paper.
The reaction of methylcarbene complex 4 and propar-

gylsilane 3 in dioxane at 100 °C afforded conjugated diene
6 in 78% yield as a 67:22:11 mixture of diene stereoiso-
mers. The scope and limit of the diene synthesis was
tested using other carbene complexes and propargylsi-
lanes; the results are presented in Table 1. In all cases
tested, the diene was the exclusive product of the
reaction. The reaction proceeds equally well when either
an aryl group (entries A-D) or an alkyl group (entries
E-G) is at the propargyl position of the silane. In cases
where either a phenylcarbene or cyclopropylcarbene
complex is employed (entries B, C, E, and F), well-
established annulation processes4,5 might conceivably
compete with the diene synthesis; however, this process
was not observed. The reaction of carbene complex 13
with propargylsilane 3 (entry D) produced only diene 14
with no competition from intramolecular Diels-Alder or
cyclopropanation processes.6

In all of the cases, the enol ether of the major product
was of the E configuration. This assignment was based
on chemical shift comparisons of the asterisked carbon
in the major and minor stereoisomers (Scheme 2); this
carbon of the E enol ether is usually 10-20 ppm upfield

relative to the same carbon in the Z isomer.7 Formation
of E enol ethers from the coupling of alkynes and
chromium carbene complexes has ample precedent.8

Assignment of the vinylsilane configuration was based
upon fluoride-induced protiodesilylation studies of diene
8; this process has been reported to proceed with reten-
tion of configuration.9 Treatment of diene 8 (3:2:1
mixture of stereoisomers) with potassium fluoride dihy-
drate in DMSO at 40 °C afforded a similar ratio of
desilylated dienes 21. The asterisked proton was a
triplet (J ) ∼11 Hz) in the major and minor isomers and
a doublet of doublets (J ) 15.6, 10.8 Hz) in the second
most abundant stereoisomer. This implies that the
original vinylsilane was of the Z configuration in the
major and minor stereoisomers and of the E configuration
in the second-most abundant stereoisomer. Similar
stereochemical features were attributed to the major
isomers of the other examples in Table 1. The E
geometry of the vinylsilane is predicted based upon
similar reactions where a carbene complex is transformed
into an alkene via silicon or hydrogen migration.1,10

In summary, synthesis of dienes from propargylsilanes
and carbene complexes is a general and efficient process.
The key step of the reaction, migration of a trimethylsilyl
group to an electrophilic center, is apparently a very
facile process that occurs in preference to other well-
established reaction pathways for vinylcarbene complex
intermediates. Further examination of the synthetic
potential of the new diene synthesis is currently under-
way in these laboratories.
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Table 1. Scope of the Synthesis of Dienes from Carbene Complexes and Propargylsilanes

a The yield refers to the combined yield of all diene stereoisomers; complete separation of all isomers was not possible in most cases.
b The major isomer was the E,E isomer as depicted. c The minor isomer(s) was assumed to differ from the major isomer in the configuration
at one (not both) double bond.
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