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Divalent silicon species (silylenes) corresponding to carbenes
in organic chemistry are key intermediates in numerous thermal
and photochemical reactions of organosilicon compounds.1 For
a long time, silylenes as well as carbenes were considered only
as short-lived species to be observed by spectroscopic methods
either in the gas phase or in low-temperature matrixes, with an
exception of dodecamethylsilicocene (2) having pentahapto-
cyclopentadienyl ligands,2 while the divalent dicoordinate species
of germanium, tin, and lead have been well characterized as stable
molecules.3 Crystalline silylenes (3-6) with two amino substit-
uents have been isolated very recently, and their characteristic
structure and reactivity have been investigated extensively.4,5

These silylenes as well as relatedN-heterocyclic carbenes6 are
stabilized, however, by the strong interaction between the vacant
pπ-orbital at the divalent atom and filledπ-type orbitals of
nitrogen or phosphorus atoms, and therefore, their electronic
nature is strongly modified from the parent divalent species.7 We
wish herein to report the first isolable dialkylsilylene, 2,2,5,5-
tetrakis(trimethylsilyl)silacyclopentane-1,1-diyl (1), which is well-
protected sterically from dimerization but least perturbed elec-
tronically; the intrinsic properties of silylene are entirely embodied
in 1. Interestingly,1 is storable at 0°C in the solid state but

isomerizes slowly to the corresponding silaethene via an apparent
1,2-silyl migration at room temperature in solution.

Dialkylsilylene 18 was synthesized as air- and moisture-
sensitive orange crystals in 74.5% yield by the reduction of
dibromosilane79 (0.98 g, 1.84 mmol) with potassium graphite
(KC8, 0.57 g, 4.22 mmol) in THF at-50 °C for 8 h (eq 1).

The molecular structure of1 determined by a single-crystal
X-ray diffraction study is shown in Figure 1 with selected bond
lengths and angles.10 The shortest distance between the divalent
silicon atoms in the crystal is 7.210(1) Å, indicating that1 is
monomeric in the solid states. The averaged C-Si1 bond length
of 1.908(6) Å in1, which is longer than the normal Si-C single
bond lengths (∼1.87 Å), and the relatively small C-Si-C angle
of 93.88(7)° are suggestive of the larger p-character of the silicon
hybrid orbitals used in the C-Si1 bonds.

The most remarkable structural characteristics of1 were
obtained by UV-vis and29Si NMR spectroscopies. A UV-vis
spectrum of1 in hexane shows band maxima at 260 nm (ε 1700)
and 440 nm (ε 500); the latter band is weak and broad and
assignable to the n(Si)-3pπ(Si) transition. Although the n(Si)-
3pπ(Si) transition of silylene is known to be strongly affected by
the substituents,11,12 the maximum at 440 nm is close to that for
dimethylsilylene (λmax 453 nm)13 and 1-silacyclopentane-1,1-diyl
(λmax 436 nm)12 observed in matrixes at 77 K. In contrast, the
n(Si)-3pπ(Si) bands of diaminosilylenes5 and6 have been found
at much shorter wavelengths (344 nm (sh) and 302 nm (ε 3300),
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respectively),4c,d indicative of the substantial orbital interaction
between nitrogen lone-pair orbitals and the silicon vacant pπ
orbital.

Quite interestingly, the29Si resonance for the divalent silicon
in 1 was found at+567.4 ppm in benzene-d6, which is the lowest-
field resonance reported to date.14,15The low-field29Si resonance
is characteristic of divalent dicoordinate silylene as shown by the
GIAO calculations; the29Si resonances for SiH2,16 silacyclopen-
tane-1,1-diyl,17 and 2,2,5,5-tetrakis(trihydrosilyl)silacyclopentane-
1,1-diyl17 are calculated to be 817, 754, and 602 ppm, respectively.
On the other hand, the29Si resonances for stable diaminosilylenes
3, 4, and5 appear at+78,+117, and+97 ppm,4a-c respectively,
which are much higher than the calculated values for the parent
silylene.

Although the electron donation to the formally vacant Si
p-orbital from the neighboring C-Si σ bonding orbitals (σ-π
conjugation) may be significant in1, the extent is far smaller
than the electronic perturbation by amino substituents in3-6, as
indicated by the unperturbed n(Si)-3pπ(Si) band maximum and
the very low-field29Si resonance of the divalent silicon.

Masamune et al. reported that the reduction of structurally
similar [(Me3Si)2CH]2SiI2 with lithium naphthalenide afforded the
corresponding disilene.18 The major reason silylene1 is isolated

would be ascribed to the effective steric protection from dimer-
ization by ahelmet-like bidentate ligandwith four bulky tri-
methylsilyl groups.19

Silylene1 reacts with methanol, bis(trimethylsilyl)acetylene,
and 2,3-dimethyl-1,3-butadiene to give the corresponding adducts
quantitatively. The most intriguing reactivity of1 is the facile
1,2-migration of the neighboring trimethylsilyl group to give the
corresponding silaethene derivative8 (eq 2),20 in contrast to the

corresponding stable germylene921 and stannylene10,19 which
show no such isomerization even at 100°C. The present results
give the first experimental evidence for the facile isomerization
of silylmethylsilylene to 1-silylsilaethene.22-24
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Figure 1. ORTEP drawing of silylene1. The thermal ellipsoids are shown
at the 30% level. Selected bond lengths (Å) and bond angles (deg) are
Si(1)-C(1) 1.911(2); Si(1)-C(4) 1.904(2); C(1)-C(2) 1.569(2); C(2)-
C(3) 1.530(2); C(3)-C(4) 1.568(2); C(1)-Si(2) 1.911(2); C(1)-Si(3)
1.901(2); C(4)-Si(4) 1.897(2); C(4)-Si(5) 1.915(2); C(1)-Si(1)-C(4)
93.88(7); Si(2)-C(1)-Si(3) 120.2(1); Si(4)-C(4)-Si(5) 119.1(1); Si-
(1)-C(1)-C(2) 106.0(1); C(1)-C(2)-C(3) 108.9(1); C(2)-C(3)-C(4)
109.6(1); C(3)-C(4)-Si(1) 106.2(1).
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