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Although there has been much interest recently in the Lewis
acid behavior of diorganosilylenes and many silylene complexes
with Lewis bases have been reported, they are too unstable to
exist at ambient temperature and can be observed spectroscopi-
cally only in low-temperature matrices.1-3 We now report the
first isolation of stable silylene-Lewis base complexes by the
reaction of a silylene with isocyanides.
We recently synthesized an extremely hindered disilene (1)

bearing an efficient steric protection group, 2,4,6-tris[bis-
(trimethylsilyl)methyl]phenyl (denoted as Tbt hereafter) and
found that1 is kinetically very stable but thermally labile to
give the corresponding silylene2 bearing bulky substituents
under very mild conditions (Scheme 1).4 This prompted us to
examine the reaction of silylene2with bulky isocyanides which
might lead to the isolation of stable products.5

When a THF or C6D6 solution of disilene1 and an isocyanide
substituted by 2,4,6-triisopropylphenyl (Tip) (3a), Tbt (3b), or
2,4,6-tri-tert-butylphenyl (Mes*) (3c),6 was heated in a sealed
tube at 60°C for several minutes, the original orange solution
turned blue-green (for3a), green-blue (for3b), or deep blue
(for 3c). After further heating at the same temperature for 2 h
(for 3a) or for 6 h (for 3b and 3c), the almost quantitative

formation of the corresponding silylene-isocyanide adducts
4a-c was confirmed by UV-vis and1H, 13C, and29Si NMR
spectra (Scheme 1 and Table 1).9 The slow evaporation of the
solvent from the reaction solution gave blue-green (for4a),
green-blue (for4b), or deep blue (for4c) powder, but crystals
of 4a-c suitable for X-ray crystallographic analysis have not
been obtained so far. The adducts4a-c are stable in solution
at 60 °C for several hours, although they are highly sensitive
to the air and moisture. The29Si NMR spectra of4a-c showed
peaks at much higher field than those of a silaallene (δ ) 48.4)10

and silenes (δ ) 41-144) bearing sp2 silicon,11 indicating that
the Si-C bonds of the SiCN unit in4a-c were not doubly
bonded. Almost the same29Si chemical shifts in THF as those
in C6D6 (Table 1) suggest the absence of any interaction between
4a-c and THF. The coupling constants in the Si-C bonds of
the SiCN unit,1JSiC, were determined by29Si NMR spectra of
the 13C-labeled silylene-isocyanide adducts [13C]4a-c which
were prepared by the reaction of2with 13C-labeled isocyanides,
R-N13C, [13C]3a-c, in C6D6.12 The 1JSiC values for4a-c
(Table 1) with the order of4a> 4b > 4c are smaller than the
coupling constants for Si-C single bonds (50 Hz for Me4Si)13

and double bonds (83-85 Hz),14 indicating that the Si-C bonds
of the SiCN unit are considerably weak and their strength
decreases in the order of4a> 4b> 4cwith increasing bulkiness
of the substituents. These spectroscopic results have revealed
that 4a-c is better described as a Lewis acid-base complex
(I ), not a cumulene (II ).15 The adducts4a-c represent the first
examples of stable silylene-Lewis base complexes.
The experimental results were supported by the B3LYP/6-

31G(d) calculations17a of Ph2SiCNPh (Figure 1) which show
clearly a silylene-Lewis base complex with a bent Si-C-N
bond (163.4°), a long Si-C distance (1.882 Å) which is
comparable with a Si-C single bond length (the average value
of Si-Csp, Si-Car, and Si-Csp3 distances, 1.837, 1.868, and
1.863 Å),18 a weak binding energy (25.1 kcal/mol),19 and an
sp3-like hybridization at Si. The calculated chemical shifts of
the Si and C atoms in the SiCN unit were-38.9 and 178.0
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ppm, respectively, at the GIAO-B3LYP level (6-311G(3d) for
Si and 6-311G(d) for C, N, and H).17b These are in good
agreement with the experimental data.
The silylene-isocyanide complexes4a-c were stable for a

long time in solution, but in the presence of triethylsilane, a
silylene adduct (5) was obtained in the yields of 66, 86, and
69%, respectively, along with the corresponding isocyanides3
(a, 42%; b, 94%; c, 98%) (Scheme 2). Reaction with 2,3-
dimethyl-1,3-butadiene gave the corresponding isocyanides3
(a, 58%;b, 92%;c, 100%), [1+4] adduct6 with silylene2 (a,
49%; b, 33%; c, 34%), and compound7 (a, 15%;b, 39%; c,
47%), the formation of which was explained by hydrolysis of
a [1+2] adduct (8) during separation. These results clearly
indicate that4a-c dissociate into2 and3a-c in solution and
there exists an equilibrium among them. Gru¨tzmacher et al.
have reported20 that a stannaketenimine dissociates into the
corresponding stannylene and isocyanide and that the variable-

temperature117Sn NMR experiments show a low-field shift with
increasing temperature owing to an increase of the ratio of the
stannylene in the equilibrium mixture. In contrast, the29Si
chemical shifts of4a-c at 60°C were almost the same as those
at room temperature. Moreover, the reaction of2with a small
excess of3a-c resulted in the observation of separate signals
of 3a-c and4a-c in the1H and13C NMR at room temperature.
These findings indicate that the rate of the interconversion
between4a-c and2 plus3a-c is very slow and that the ratio
of 2 in the equilibrium mixture is too small to be observed by
NMR spectroscopy. In the above trapping reactions, the reaction
rates became larger in the order of4a< 4b< 4cwith increasing
bulkiness of the substituents. This tendency can be explained
by the fact that the larger the substituents, the larger the steric
repulsion between the substituents and Tbt group, thus increasing
the rate of the dissociation of4a-c into silylene2.
When the silylene-isocyanide complex4a was allowed to

react with MeOH at room temperature in THF, the blue-green
color of the solution disappeared immediately to give9 (70%)
and 10a (7%) along with 3a (54%). The extremely rapid
formation of 9 and 10a compared with the reactions with
triethylsilane and 2,3-dimethyl-1,3-butadiene can be interpreted
by the initial protonation by methanol to the silicon atom of4a
followed by an attack of MeO- (or MeOH) on the carbon or
silicon in the SiCN unit. The former leads to the production
of 10a, while the latter results in the formation of9, which is
likely to be partially formed also by the reaction of MeOH with
silylene2 generated by dissociation of4a. In the reaction of
4b or 4cwith MeOH,9was obtained in the yield of 86 or 75%,
respectively, together with3 (b, 91%;c, 98%) without produc-
tion of 10b or 10c. The sole formation of9 is most likely due
to the higher congestion of Tbt and Mes* groups than Tip group
attached to the nitrogen atom which disturbs the attack of MeO-

(or MeOH) to the carbon atom in the SiCN unit.
Further investigations on the silylene-isocyanide complexes

4a-c are in progress.
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Table 1. Spectroscopic Data of Silylene-Isocyanide Complexes4a, 4b, and4c

δSi(SiCN)

rt (C6D6) rt (THF) 60°C (C6D6) δC(SiCN) rt (C6D6) 1JSiC(SiCN)/Hz rt (C6D6) λ(UV-vis)/nm rt (THF)

4a, R) Tip -53.6 -55.7 -53.2 209.2 38.6 596 (ε 400)
4b, R) Tbt -57.4 -57.9 -56.5 196.6 22.1 397 (ε 3000)

632 (ε 100)
4c, R) Mes* -48.6 -48.9 -47.9 178.5 1.0 390 (ε 2000)

671 (ε 200)

Figure 1. Optimized structure of Ph2SiCNPh at the B3LYP/6-31G(d)
level. Selective bond lengths (Å) and bond angles (deg): Si1-C1 1.882,
Si1-C2 1.917, Si1-C3 1.920, C1-N1 1.180, N1-C4 1.372; C1-
Si1-C2 99.7, C1-Si1-C3 99.1, C2-Si1-C3 108.0, Si1-C1-N1
163.4, C1-N1-C4 180.0.

Scheme 2
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