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Nowadays, low-valent silicon compounds with multiple bonds
to silicon and other main-group elements are no longer laboratory
curiosities but indispensable building blocks in contemporary
organosilicon chemistry and silicon-assisted organic synthesis.1

To date, numerous stable compounds featuring SidX double
bonds (X ) group 13 to 16 element)2 have been synthesized
and structurally characterized since the seminal work by West
et al.,3 who reported on the first isolable disilene (>SidSi<) in
1981. Even stable compounds with SitSi triple bonds have been
reported recently.4 Remarkably, Robinson and co-workers
described the isolable N-heterocyclic carbene (NHC)-supported
:SidSi: compound I (L: ) NHC) with silicon in the formal
oxidation state 0 (Chart 1).5 In spite of the tremendous successes

mentioned above, the isolation of silanones (R2SidO) II that
are stable at room temperature has remained elusive. This is
presumably due to the difficulty of taming the pronounced
polarity of the ylide-like SidO double bond (II T II′ in Chart
1) and hence preventing silanones from undergoing oligomer-
ization.6 Taking advantage of the donor-acceptor (D-A)
stabilization concept, we have already shown that a stable
silaformamide-borane complex of type III (L: ) N donor; A
) BAr3)

7 is accessible by addition of the corresponding
water-borane adduct to the ylide-like silylene LSi: 1.8 More
recently, we reported the isolation of a silanoic silylester9

featuring a chelated nitrogen donor-supported SidO double bond
of type IV by facile oxygenation of a siloxysilylene6 with N2O.
Inspired by the intriguing synthesis of I,5 we probed the
suitability of an NHC ligand to stabilize a SidO double bond
of type IV by employing the stable silylene 1.8a Here we describe
the synthesis of the NHC-silylene adduct 2 containing a highly
nucleophilic Si(II) site, which undergoes remarkably facile
oxygenation with N2O to yield the first isolable NHC-supported
silanone 3 (Scheme 1).

Treatment of 1 with an equimolar amount of 1,3,4,5-tetrameth-
ylimidazol-2-ylidene10 in toluene at -60 °C led to quantitative
formation of the corresponding NHC-silylene adduct 2 (for 1H,
29Si, and 13C NMR data, see the Supporting Information). Subse-
quent workup of the resulting solution afforded 2 as yellow crystals
in 86% yield. The composition of 2 was determined by multinuclear
NMR and IR spectroscopies, elemental analysis, and EI-MS (M )
568 amu). The molecular structure of 2 was established by X-ray
analysis (Figure 1). The Si(II) atom is bonded to the two nitrogen

atoms of the C3N2 chelating ligand and the carbon(II) atom of the
NHC ligand.

As expected, the 29Si NMR spectrum of 2 exhibits a significant
shielding for the donor-supported silicon(II) nucleus in comparison
to the situation observed in 1 (δ ) -12.0 ppm vs 88.4 ppm for 1).

The sum of the bond angles around the Si(II) atom amounts to
295.9°, indicating that the Si-N and Si-C σ bonds have large 3p
character at silicon. The six-membered C3N2Si ring in 2 is almost
planar and features two significantly longer Si-N distances in
comparison to those in 1 (1.802 and 1.805(3) Å vs 1.734 and
1.735(1) Å in 1).8a As expected, the five-membered C3N2 ring of
the NHC donor remains almost planar. The Si1(silylene)-C30-
(carbene) distance of 2.016(3) Å is significantly longer than the
typical Si-C single-bond length in organosilanes (1.86 Å).
However, the Si-C distance in 2 is much shorter than that observed
in a related NHC-silylene adduct reported by Lappert et al.
[2.162(5) Å],11 indicating a stronger D-A interaction in 2.
Apparently, the stronger acceptor character of the silylene ligand
in 2 implies a larger nucleophilicity of the Si(II) site than in 1.
Thus, it can be expected that 2 is more reactive toward oxygenation

Chart 1

Scheme 1. Synthesis of the NHC-Silylene Adduct 2 and the
Carbene-Stabilized Silicon Compound 3

Figure 1. Molecular structure of 2. Thermal ellipsoids are drawn at the
50% probability level. H atoms (except those at C1) have been omitted for
clarity. Selected distances (Å): Si1-N2, 1.802(3); Si1-N1, 1.805(3);
Si1-C30, 2.016(3); N1-C2, 1.392(3); N2-C4, 1.401(4); N3-C30,
1.358(4); N3-C31, 1.389(4); N4-C30, 1.359(3); N4-C32, 1.385(4);
C1-C2, 1.383(4); C2-C3, 1.427(4); C3-C4, 1.376(4); C4-C5, 1.470(4);
C31-C32, 1.329(4). Selected angles (deg): N2-Si1-N1, 97.7(1);
N2-Si1-C30, 100.4(1); N1-Si1-C30, 97.8(1).
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reagents compared with its precursor 1.8a While no reaction
occurred between silylene 18a and N2O even after several days at
room temperature, exposure of a yellow solution of 2 in toluene to
N2O at -60 °C led to gradual decoloration and formation of a
colorless precipitate. Recrystallization of the latter in a toluene/
dichloromethane solution at -20 °C furnished colorless blocks of
the desired NHC-supported silanone 3 in 94% yield. The compound
3 is only sparingly soluble in hydrocarbons and diethyl ether but
very soluble in tetrahydrofuran and dichloromethane. It is stable
both in the solid state and in solution under exclusion of moisture.
3 was fully characterized by multinuclear NMR spectroscopy,
elemental analysis, and EI-MS (M ) 584 amu). While the 1H NMR
spectrum shows a resonance pattern similar to that of its preccusor
2 with slightly different chemical shifts, the 29Si NMR spectrum
exhibits a remarkable shift for the 29Si nucleus in 3 (δ ) -74.2
ppm vs -12.0 ppm for 2). However, the 29Si chemical shift is close
to that observed for a related silanoic silylester (-85.1 and -85.8
ppm).9 The molecular structure of 3 was established by single-
crystal X-ray diffraction analysis (Figure 2).

The conformation of the C-N-Si skeleton in 3 is similar to
that of 2, with a slightly puckered six-membered C3N2Si ring.
However, the vertex of the silicon atom in 3 is occupied by an
oxygen atom, leading to distorted tetrahedral coordination of the
silicon atom. The structure of 3 is most notable for its remarkably
short Si1-O1 distance of 1.541(2) Å. The latter is even shorter
than the related values in a silaformamide-borane complex
[1.552(2) Å]7 and a silanoic silylester [1.579(3) Å] with tetraco-
ordinate silicon,9 indicating a stronger silicon-oxygen interaction
in 3. Unexpectedly, both Si-N distances [1.745(2) and 1.750(2)
Å] in 3 are significantly shorter than the related values observed in
2 [1.802 and 1.805(3) Å], despite the increased coordination number
of the silicon atom in 3. In addition, the Si1-C30 distance of
1.930(2) Å is shorter than that in 2 [2.016(3) Å]. Interestingly, the
latter Si-C value is close to that observed in the NHC-supported
:SidSi: compound I [1.927(2) Å].5 The shortening of the Si-N

and Si-C distances in 3 suggests the presence of an ylide-like
resonance stabilization of the SidO double bond that involves a
(carbene)+-Si-O- resonance-betaine structure. Moreover, com-
pound 3 represents a unique isolable silanone complex of type IV
in which the SidO double bond is largely stabilized by an NHC
carbon lone-pair donor. Because of the coordination of the NHC
ligand to the silicon atom, the hypothetical N2SidO moiety in 3
loses its planarity. Thus, the metric and electronic features of the
SidO double bond in 3 are similar to those in isoelectronic, donor-
supported silaimines (LfR2SidNR′).2g

In summary, we have prepared the new NHC-silylene adduct
2 containing a highly nucleophilic Si(II) atom, which undergoes
remarkably facile oxygenation with N2O to give the unique isolable
silanone complex 3 featuring a SidO double bond. The highly
nucleophilic SidO moiety in the NHC-supported silanone 3 is a
promising donor for the synthesis of unique SidOfmetal com-
plexes. Related investigations are in progress.
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Figure 2. Molecular structure of 3. Thermal ellipsoids are drawn at the
50% probability level. H atoms (except those at C1) have been omitted for
clarity. Selected interatomic distances (Å): Si1-O1, 1.541(2); Si1-N1,
1.745(2); Si1-N2, 1.750(2); Si1-C30, 1.930(2); N1-C2, 1.412(3); N2-C4,
1.411(2); N3-C30, 1.354(3); N3-C31, 1.386(3); N4-C30, 1.357(3);
N4-C32, 1.381(3); C1-C2, 1.355(3); C2-C3, 1.451(3); C3-C4, 1.347(3);
C31-C32, 1.351(3). Selected angles (deg): O1-Si1-N1, 118.81(8);
O1-Si1-N2, 115.21(8); N1-Si1-N2, 102.42(8); O1-Si1-C30, 106.09(8);
N1-Si1-C30, 105.61(9); N2-Si1-C30, 108.00(9).
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