
Reactions of an isolable dialkylsilylene with dichloro-
methane and (chloromethyl)cyclopropane occur in solution to
afford the double silylene insertion product and an unusual 5-
silaspiro[4.4]nonane derivative, respectively.  The activation of
the carbon–chlorine bonds due to the complexation of haloal-
kanes with the silylene may facilitate the nucleophilic attack of
another silylene under the present reaction conditions. 

Although the reactions of silicon divalent compounds
(silylenes) with various reagents such as alkenes, alkynes, alco-
hols, etc. have been extensively investigated,1 less attention has
been paid to the reactions of silylenes with haloalkanes,2–5 in
spite of the possible importance in the direct synthesis of alkyl-
halosilanes by the reactions of silicon with haloalkanes.6

Typically, a photochemically generated transient silylene was
found to react with 3-chloro-1-butene to give a mixture of the
positional and geometrical isomers of the corresponding chloro-
(methylallyl)silanes.2a The reactions of transient silylenes with
various haloalkanes have been explained by invoking zwitter-
ionic intermediates (R2Si––X+R') formed at the initial stage.2

Whereas several reactions of isolable silylenes, decamethyl-
silicocene and a cyclic diaminosilylene, with haloalkanes have
been studied, the mechanisms have not been discussed in
detail.4,5  In the present paper, we have investigated the reactions
of silylene 1, 2,2,5,5-tetrakis(trimethylsilyl)silacyclopentane-1,1-
diyl, which we have recently synthesized as the first isolable
dialkylsilylene,7 with various haloalkanes and have found
unprecedented reaction modes of silylenes in the reactions of 1
with dichloromethane and (chloromethyl)cyclopropane.
Although the whole feature of these reactions has not yet been
disclosed, the present results suggest that the activation of a car-
bon–chlorine bond due to the complexation of a haloalkane with
the silylene facilitates the nucleophilic attack of another silylene
under the present reaction conditions.

As shown in Scheme 1, reactions of dialkylsilylene 1 with
excess carbon tetrachloride and chloroform in benzene-d6
occurred smoothly to give the corresponding dichlorosilane 28 in
84 and 64% yields, respectively.9 Silylene 1 readily reacted with
excess iodomethane to afford the corresponding
iodo(methyl)silane 310 in 88% yield.  Rather unexpectedly, the
reaction of 1 with excess dichloromethane in benzene gave dou-
ble silylene insertion product 411 in 60% yield together with 2
(23% yield).  No single silylene insertion product was observed
in the reaction mixture even though the concentration of 1 was
much lower than that of dichloromethane.  A similar double
insertion has been observed in the reaction of bis[di(trimethyl-
silyl)methyl]stannylene with dichloromethane.12

The reaction of 1 with excess (chloromethyl)cyclopropane 5
gave a 2 : 1 adduct 613 in 70% yield together with 2 (15% yield);
no 1:1 adducts such as 7 and 8 were detected (Scheme 2).  The
rather unusual structure of 6 was determined by NMR spec-

troscopy and X-ray structural analysis14 (Figure 1).  
Since small amounts of Cl3CCCl3 and HCl2CCCl2H were

detected by mass spectrometry during the reactions of 1 with
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CCl4 and CHCl3, respectively, a radical pathway would partici-
pate in part.  The formation of dichlorosilane 2 in almost all
reactions of 1 with chloroalkanes may be explained by this radi-
cal mechanism.  Complexation of a haloalkane with 115 weak-
ens the carbon–chlorine bond to facilitate the homolytic cleav-
age, giving a pair of the corresponding carbon radical and chlo-
rinated silyl radical, if the formed carbon radical is stabilized
electronically.  The chlorine-abstraction of the resulting silyl
radical from chloroalkane affords 2.16

However, the major reaction pathways of 1 with
dichloromethane and (chloromethyl)cyclopropane 5 may not be
explained by the above radical mechanism; in these reactions, a
dichloromethane molecule reacts with two silylene molecules
even in the presence of a large excess amount of
dichloromethane.  As shown in Scheme 3(a), the methylene car-
bon in the initial silylene–dichloromethane complex is attacked
by another silylene to form a chlorosilyl anion and a
(chloromethyl)silyl cation stabilized by intramolecular com-
plexation, followed by the nucleophilic attack of the silyl anion
to the chloromethyl carbon to afford 3.  Similarly, in the reac-
tion of 1 with (chloromethyl)cyclopropane 5, the reaction of the
initial complex with an extra 1 affords the chlorosilyl anion and
the corresponding 3-butenylsilyl cation with intramolecular π
complexation, which reacts with the chlorosilyl anion to afford
the final product 6, as shown in Scheme 3(b).  The reaction
mode of 1 with 5 is quite different from that of the photochemi-
cally generated transient silylene Ph(Me3Si)Si: with 5 observed
by Ishikawa, Kumada, et al.;2c in the latter reaction, the silylene
simply inserts to the C–Cl bond of 5 to give the corresponding
(cyclopropylmethyl)chlorosilane without formation of any ring-
opened products. The remarkable difference between the two
reactions may be rationalized by the difference in the silylene
concentration; the concentration of 1 was ca. 0.2 mol L–1, while
the steady-state concentration of Ph(Me3Si)Si: was not known
but should be far smaller than 0.2 mol L–1.  In the reaction of
Ph(Me3Si)Si: with 5, the intra-complex nucleophilic attack of
the silylene to the chlorinated carbon in the initial complex
would occur exclusively to afford the simple insertion product.   
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