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The reaction of the disilylene [{PhC(NBut)2}Si]2 (1) with 1 equiv of
bromine in toluene afforded novel monomeric bromosilylene
[{PhC(NBut)2}SiBr] (2). The result shows that the SiI-SiI bond
in 1was cleaved by bromine. An X-ray structure of compound 2 has
been determined.

Stable heavier group 14 alkyne analogues of composition
RMMR (R=supporting ligand; M=Si, Ge, Sn, Pb) have
attracted much attention in the past several decades.1 These
complexes can be synthesized successfully by incorporating
sterically hindered substituents at the heavier group 14
elements.2 The X-ray structures of heavier group 14 alkyne
analogues show that they have a trans-bent and planar
geometry inwhich theR-M-Mangle decreases from silicon
to lead. Theoretical and reactivity studies show that the Si-Si
bond order in the disilyldisilyne [R0SiSiR0] (R0=SiPri{CH-
(SiMe3)2}2) is significantly greater than 2.

3 TheGe-Ge bond
in the digermyne [ArGeGeAr] (Ar=C6H3-2,6-(C6H3-2,6-
Pri2)2) has a bond order of about 2 and partial singlet
diradical character.4,6c The Pb-Pb bond order in the di-
plumbyne [RPbPbR] (R = C6H3-2,6-(C6H2-2,4,6-Pr

i
3)2) is

close to 1 with a lone pair (LP) of electrons at each Pb atom.2f

Therefore, diplumbyne is considered as diplumbylene. Dis-
tannyne can adopt amultiply bonded structure similar to that
of the germanium analogue or a singly bonded structure
similar to that of the lead analogue, depending on the
bulkiness of the supporting ligand.5 Because of their unique
electronic structures, digermyne and distannyne show differ-
ent reactivities.6 For example, the treatment of [ArMMAr]
[M=Ge, Sn; Ar=C6H3-2,6-(C6H3-2,6-Pr

i
2)2] with N3SiMe3

afforded the cyclic singlet diradicaloid [ArGe{μ2-N-
(SiMe3)}2GeAr] and the imide-bridged complex [ArSn{μ2-
N(SiMe3)}SnAr], respectively.6c It is suggested that distan-
nyne has much less diradical character compared with
digermyne, which leads to different reactivities.
Recently, Roesky and his co-workers reported the first

example of the amidinate-stabilized disilylene [{PhC-
(NBut)2}Si]2 with a SiI-SiI single bond and an LP of
electrons at each Si atom.7 That the disilylene has an
unprecedented electronic structure prompted our interest in
exploring its chemical reactivity. In this Communication, we
report the synthesis and characterization of a stable bromo-
silylene from the reaction of [{PhC(NBut)2}Si]2 (1) with
bromine. The theoretical studies of 1 are also described in
order to understand its bonding nature and, hence, its
reactivity.
The treatment of 1 with 1 equiv of bromine in toluene for

2h affordednovelmonomeric bromosilylene [{PhC(NBut)2}-
SiBr] (2; Scheme 1). The Si-Si bond in 1 was cleaved by
bromine in the reaction. It is noteworthy that the LP of
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electrons at the SiI center in 1 did not undergo an oxidative
addition reaction with bromine. In contrast, the reaction of
[:Si{(NCH2Bu

t)2C6H4-1,2}] or [R0SiSiR0] (R0 = SiPri{CH-
(SiMe3)2}2) with bromine gave [SiBr2{(NCH2Bu

t)2C6H4-
1,2}] and [R0SiBr2-SiBr2R

0], respectively.2a,8 Power and
his co-workers have reported that the reaction of [ArM-
MAr] [M=Ge, Sn; Ar=C6H3-2,6-(C6H3-2,6-Pr

i
2)2] with

PhNdNPh resulted in the complete cleavage of the M-M
bond, and an LP of electrons was found at the metal centers
in the product [ArM{(Ph)N-N(Ph)}MAr].6c Similar results
can be found in the reaction of [ArSnSnAr] with N3SiMe3 to
form [ArSn{μ2-N(SiMe3)}SnAr].6c Recently, an amidinate-
stabilized chlorosilylene [{PhC(NBut)2}SiCl] was synthesized
by the reaction of [{PhC(NBut)2}SiCl3] with potassium.9

Density functional theory (DFT) calculations of [{PhC-
(NBut)2}SiCl] have been performed. Carbene-stabilized
dihalosilylenes [L f SiX2] (L=:C{N(C6H3-2,6-Pr

i
2)CH}2;

X=Cl, Br) have also been synthesized by the reaction of [Lf
SiCl4] or [{L f SiBr3}Br] with potassium graphite.10

Compound 2 was isolated as a highly air- and moisture-
sensitive pale-yellow crystalline solid, which is soluble in
toluene and tetrahydrofuran. It is stable in solution or the
solid state at room temperature in an inert atmosphere. It has
been characterized by elemental analysis, spectroscopic
methods, and X-ray crystallography. The 1H and 13C
NMR spectra of 2 display resonances due to the amidinate
ligand. The 29SiNMRsignal of 2 (18.6 ppm) shows an upfield
shift compared with that of 1 (76.3 ppm). It is comparable
with that of [{PhC(NBut)2}SiCl]

9 (14.6 ppm) and [Lf SiBr2]
(10.9 ppm).10b

The molecular structure of 2 with an atomic numbering
scheme is shown in Figure 1.11 The amidinate ligand is
bonded in a N,N0-chelate fashion to the silicon center and
displays a trigonal-pyramidal geometry. The sumof the bond
angles at the silicon center is 255.0�, which is comparable
with that of the three-coordinated chlorosilylene [{PhC-
(NBut)2}SiCl] (260.7�).9 This geometry is consistent with a
stereoactive LP at the silicon center. The phenyl group is
orthogonally arranged to the four-membered Si1-N1-
C1-N1A ring. The Si1-Br1 bond [2.326(3) Å] is comparable
to those of [L f SiBr2] [2.3379(8) and 2.3607(8) Å]10b but
is longer than that of gaseous silicon dibromide (2.243 Å).12

TheC(1)-N(1) andC(1)-N(1A)bond lengths in2 [1.331(5) Å]
are approximately intermediate between the C-N double and
C-N(sp2) single bond lengths. This geometry shows consi-
derable delocalization throughout the NCN backbone of the
ligand. The Si-N bonds in 2 [1.882(5) and 1.971(5) Å] are
slightly longer than those of 1 [1.866(4) and 1.874(4) Å].7

In order to understand the bonding nature and, hence,
reactivity, compound 1 was investigated by means of quan-
tum chemical calculations. The calculations were performed
by the DFT13 B3LYP14 with the 6-311þG(d,p) basis set15 as
implemented in the Gaussian 0316 program. The calculated
structural parameters (Si-Si0 =2.472 Å, Si-N=1.903 Å,
Si-N0 = 1.905 Å, and N-Si-N0 = 68.5�) are in good
agreement with the crystallographic data. The natural bond
orbital (NBO)17 analysis (Table S1; see the Supporting
Information) shows that the Si-Si bond is derived from
the overlapping of p-rich hybrids (sp7.48, 87.8% p character)
on the Si atoms. The Wiberg bond index18 shows that the
Si-Si bond (0.923) in 1 has single-bond character. The LP

Scheme 1. Synthesis of 2

Figure 1. Molecular structure of 2. Selected bond distances (Å) and
angles (deg): Si1-Br1 2.326(3), Si1-N1 1.971(5), Si1-N1A 1.882(5),
C1-N1 1.331(5); N1-Si1-N1A 66.9(2), N1A-Si1-Br1 93.3(2),
N1-Si1-Br1 94.8(2), Si1-N1-C1 88.5(3), N1-C1-N1A 105.9(6).

Table 1. Theoretical Topological Features at the BCP of 1 and [H3Si-SiH3]
a

bond F r2F G H |V|

Compound 1

Si-Si0 0.52 -2.29 0.06 -0.22 0.27
Si-N 0.59 6.87 0.72 -0.24 0.96
Si-N0 0.59 7.06 0.73 -0.23 0.96
N-C 2.25 -24.56 1.72 -3.49 5.21
N0-C 2.27 -24.92 1.86 -3.60 5.46

[H3Si-SiH3]

Si-Si 0.63 -3.91 0.04 -0.31 0.36

aUnits: F, e Å-3; r2F, e Å-5; H, G, |V|, hartree Å-3.
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electrons at the silicon centers are high in s character (sp0.43,
69.9% s character) with some directionality.
The presence of aπ bond in amolecule can bemeasured by

the chemical shift anisotropy (CSA).3a Large CSA values
indicate the presence of π bonds. When the calculated 29Si
CSA of 1 (80.5 ppm) is compared with that of [H2SidSiH2]
(362.6 ppm), it is suggested that the Si-Si bond in 1 does not
have multiple-bond character (Table S2; see the Supporting
Information).

The topological analysis of the electron densities of com-
pound 1 and [H3Si-SiH3] according to Bader’s quantum
theory of atoms in molecules was performed using the
optimized structure at the B3LYP/6-31þG(d) level
(Table 1).19 The Laplacian of the electron density r2F and
the total energy density H at the (3, -1) bond critical point
(BCP) show that the Si-Si bond in compound 1 and
[H3Si-SiH3] are nonpolar and covalent (Figure 2). The
electron density is locally concentrated between two Si atoms
in 1 and [H3Si-SiH3]. The bond strength of the Si-Si bond in
1 is weaker than that in [H3Si-SiH3]. There are four valence-
shell charge concentrations at the Si atoms. One of them in
the nonbonding region is regarded as the LP density. The
result shows that the LP of electrons is stereochemically
active, consistent with the NBO analysis.
In summary, DFT calculations and the topological ana-

lysis of the electron densities show that 1 comprises a Si-Si
single bond and an LP of electrons at each Si atom. A novel
monomeric bromosilylene complex 2 has been synthesized by
the reaction of 1 with bromine in toluene. The results show
that the SiI-SiI bond in 1was cleaved by bromine. The LP of
electrons at the SiI center did not undergo oxidative addition
with bromine. Compound 2 can serve as a functionalized
silylene in a metathesis reaction.
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Figure 2. r2F in the (a) SiSiN plane and (b) SiSiC plane in compound 1.
The N atom on the left of part a is slightly off the plane. LP stands for the
LP electron on silicon. Green lines indicate negative values in r2F, and
black lines stand for positive values.
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