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The divalent germanium and tin compounds [(Me3Si)2N]2Ge and
[(Me3Si)2N]2Sn were prepared by Lappert and co-workers almost
30 years ago and are classic examples of stable germylenes and
stannylenes.1,2 It is, therefore, somewhat surprising that the corre-
sponding silicon compound has never been reported. The explana-
tion for this lack is now apparent, for we find that [(Me3Si)2N]2Si:
(1), although stable at low temperatures in solution, undergoes rapid
decomposition above∼0 °C.

Compound1 was prepared starting from hexamethyldisilazane
and dichlorosilane, as shown in Scheme 1. The intermediate silane
2 was converted to the dibromo compound3, which was reduced
with potassium graphite (KC8) to give 1. When a solution of3 in
THF was stirred with KC8 at -78 °C, a bright orange-red color
developed in solution. The color disappeared within minutes at room
temperature, but it persisted for more than 12 h at-20 °C. Addition
of methanol or phenol to the orange-red solution discharged the
color and produced trapping products, identified as [(Me3Si)2N]2Si-
(H)OCH3 and [(Me3Si)2N]2Si(H)OC6H5, in good yield.3 These are
the expected products from the reaction of silylene1 with the
alcohols (Scheme 1).4,5

We determined the NMR spectrum of the product in THF-C6D6

solution at -20 °C. In the 29Si spectrum, it exhibited two
resonances: one at-0.30 ppm attributable to the Me3Si silicons,
and a strongly deshielded reasonance at+223.9 ppm which we
assign to the silylene silicon. It is interesting to compare this
resonance with the chemical shifts for the stable silylenes4-7
(Chart 1).6-9 In dialkylene7, which is stabilized only by steric
hindrance, the silicon resonance lies at+567 ppm.9 The five-
membered ring diaminosilylenes4-6 have silicon chemical shifts
from +78 to+119 ppm. In these cyclic silylenes, the nitrogen lone
pairs are parallel to the vacant p orbital on silicon, so that efficient
π-overlap can take place, greatly reducing the deshielding. The
resonance for1 lies between these two extremes.10

The geometry of silylene1 was calculated using B3LYP3/6-
31G(d) (Figure 1),11 and chemical shifts were estimated from a

GIAO/B3LYP calculation.12 The chemical shift for the silylene
silicon in1 was calculated to be+247.8 ppm, about 24 ppm higher
than the measured value. DFT-based methods such as GIAO/
B3LYP calculations are known to overestimate paramagnetic
contributions to the chemical shielding, predicting overly deshielded
chemical shifts in silylenes which have usually small HOMO-
LUMO separations. For these molecules, MP2 based methods give
more reliable results.6b,13 The size of1 prevents, however, the use
of this more accurate method.

Model calculations for simple bisaminosilylene (H2N)2Si:, sum-
marized in Figure 2, show that the29Si chemical shift strongly
depends on the twist angleΘ between the H2N and the N2Si planes.
For a planar diaminosilylene (Θ ) 0°), δ29Si around 100 ppm was
predicted, while for the perpendicular diaminosilylene (Θ ) 90°),
a strong low field shift of the resonance to around 400 ppm was
expected. This general trend was predicted by both the density
functional based method and the MP2 based method, although the
difference between the methods was larger for the perpendicular
diaminosilylenes than for the planar silylenes.

From these calculations, it appears thatΘ is the major factor
determiningδ29Si in aminosilylenes. The correlation correction to
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Chart 1 29Si NMR Chemical Shifts for Stable Silylenes6-9

Figure 1. Calculated structure of1 (B3LYP/6-31G(d)). Bond lengths are
in picometers; hydrogens are omitted for clarity.

Scheme 1. Synthesis and Reactions of Silylene 1
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the chemical shift,∆δcorr, which can be applied to correct the DFT
calculated NMR chemical shift was also a function ofΘ. For [(Me3-
Si)2N]2Si: with a calculatedΘ of 42°, ∆δcorr ≈ -15 ppm, resulting
in a predicted chemical shift of 233 ppm for the silylene, in quite
reasonable agreement with the experimental data. Unlike the quasi-
stable silylene (iPr2N)2Si reported by Kira et al.,1 does not appear
to dimerize in solution.14,15 This is in agreement with theoretical
calculations, which indicate that dimerization of1 is prevented by
steric interactions between Me3Si groups.16,17

Quantum mechanical calculations suggest that1 is thermody-
namically less stable than [(Me3Si)2N]2Ge: and [(Me3Si)2N]2Sn:
by 17.3 and 31.0 kcal mol-1, respectively.18 This provides a
rationalization for the observed thermal instability of1, and it is in
agreement with the increased stability of low valent states of the
heavier group 14 elements.19

Initial examination of the decomposition products from1 suggests
that they are complex. The decomposition, and additional reactions
of the silylene, will be the objects of further study. It remains to
be seen if1, like the corresponding Ge and Sn compounds, can
serve as a source for other divalent substances.20

Supporting Information Available: Experimental details (PDF).
This material is available free of charge via the Internet at http://
pubs.acs.org.
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Figure 2. Angular dependence of calculatedδ29Si (b GIAO/MP2,0 GIAO/
B3LYP, left) and of∆δcorr ) δ29Si (GIAO/B3LYP) - δ29Si (GIAO/MP2)
in diaminosilylene ([, right).

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 125, NO. 27, 2003 8115


