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In contrast to the great developments in the chemistry of doubly
bonded organosilicon compounds in the last two decades, silicon
analogues of aromatic compounds are less studied except for
charged systems.1 Previous investigations on neutral silaaromatic
compounds revealed their extremely high reactivity, although
some of them were observed spectroscopically in the low-
temperature matrices or in the gas phase.1 The most stable
silabenzene ever reported is 2,6-bis(trimethylsilyl)-1,4-di-tert-
butyl-1-silabenzene, but it reportedly survives only below-100
°C and is stabilized by the coordination of the solvent (THF/
ether/petroleum ether) 4:1:1).2

Meanwhile, we have succeeded in the synthesis of the first
stable 2-silanaphthalene1 by protecting its reactive silicon center
with a 2-{2,4,6-tris[bis(trimethylsilyl)methyl]phenyl} (Tbt) group.3

More recently, a stable silabenzene2 bearing a Tbt group was
also synthesized by the reaction of the corresponding chlorosilane
3 with t-BuLi. Although silabenzene2 was fully characterized
by the1H, 13C, and29Si NMR spectra and chemical trapping with
benzophenone, the formation of an undesired byproduct4
prevented the isolation of2 in a pure form.4 Here, we wish to
report the effective synthesis and isolation of silabenzene2
together with its crystallographic structural analysis and unique
photochemical behavior.

After examination of several reaction conditions, the problem
of the formation of the byproduct4 was finally solved by using
LDA as a base instead oft-BuLi. Reaction of chlorosilane3 with
1 equiv of LDA in hexane at room temperature proceeded
efficiently, and silabenzene2 was obtained in 90% yield without
any byproduct after the removal of inorganic salts.

The structure of silabenzene2 was definitely determined by
X-ray crystallographic analysis at-180°C.5 As shown in Figure
1, the planar geometry around the central silicon atom and
silabenzene ring was clearly revealed.7 The lengths of two Si-C
bonds in the silabenzene ring were found to be essentially equal
to each other (1.765(4) and 1.770(4) Å) and in the middle be-
tween those of Si-C double and single bonds (1.70 and 1.89
Å, respectively).8 Furthermore, the C-C bond lengths
(1.381(6)∼1.399(6) Å) in the silabenzene ring are almost equal
to each other within the error of temperature factors, and also
similar to the C-C length of benzene (1.39-1.40 Å).9 Thus, it† The University of Tokyo.
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Figure 1. ORTEP drawing of silabenzene2 (50% thermal ellipsoids).
Selected bond lengths (Å) and angles (deg): Si1-C2 1.765(4), C2-C3
1.391(6), C3-C4 1.399(6), C4-C5 1.381(6), C5-C6 1.394(7), C6-Si1
1.770(4), Si1-C7 1.853(4), C2-Si1-C6 107.8(2), C2-Si1-C7
127.2(2), C6-Si1-C7 124.9(2), Si1-C2-C3 117.7(3), C2-C3-C4
126.3(4), C3-C4-C5 124.1(4), C4-C5-C6 126.1(4), C5-C6-Si1
118.0(3).
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has experimentally been demonstrated that silabenzene has a
delocalized 6π electron ring system similar to that of benzene.

Theoretical calculations for the model compounds of2
(RSiC5H5; R ) H, Ph, Tbtx) were also performed for comparison
(Table 1).10 Bond lengths of silabenzene rings are little affected
by substituents on the silicon, and agreement between the
experimental and theoretical values is excellent.

In the conversion from3 to 2, downfield shifts of the ring
protons (∼1 ppm) were observed as in the case of 2-silanaph-
thalene13b and support existence of the ring current effect of the
silabenzene ring. In the UV spectrum2 showed absorption
maxima at∼260 (sh), 301 (ε ∼1 × 103), 323 (ε ∼1 × 103), and
331 (ε ∼2 × 103) nm, which are consistent with those recorded
for two silabenzenes in low-temperature Ar matrices.1a The
comparison of the UV spectra of benzene-silabenzene-1,4-
disilabenzene series were already reported.11

Among the unique reactivities of silabenzene2, the photo-
chemical reaction of2 is worthy of special mention. It is well-
known that the photolysis of benzene affords interesting isomers,
such as Dewar benzene and benzvalene.12 However, the photo-
chemistry of silabenzene is less-studied since no stable silabenzene
has ever been reported. Although the photochemical isomerization
of the parent silabenzene to Dewar silabenzene has already been
studied in an argon matrix,13 the characterization of the Dewar
silabenzene was only based on the shift of the Si-H stretching
frequency in IR spectrum from that characteristic of an sp2 to
that characteristic of an sp3 hybridized silicon.13

Photoirradiation of the stable silabenzene2 resulted in the
formation of a new compound,14 which showed a29Si NMR signal
of its central silicon atom at-71.6 ppm. This signal cannot be
assignable to that of Dewar silabenzene, since it appears in a high

field region characteristic of the three-membered ring silicon
compounds.15 Furthermore, separation of the mixture in the open
air afforded silanol6 having a three-membered ring.16 Thus, the
product of the photoirradiation of silabenzene2 is not a Dewar
silabenzene isomer but silabenzvalene5. 1H and13C NMR spectra
of 5 also supported the proposed silabenzvalene structure.17

Although a stable disilabenzvalene bearing four trimethylsilyl
and two phenyl groups was recently reported by Ando et al.,18

no silabenzvalene has been reported to the best of our knowledge.
They indicated by theoretical calculations that the energy differ-
ence between the parent disilabenzvalene and its Dewar disila-
benzene isomer is small. In contrast, previous theoretical studies
on silabenzene isomers were concentrated only on Dewar sila-
benzene and the possibility of silabenzvalene was not taken into
consideration.19 We performed, therefore, B3LYP/6-31G(d) cal-
culations on silabenzene isomers.10 It has revealed that there is a
small energy difference between Dewar silabenzene and silaben-
zvalene, while silabenzene is by far the most stable among the
isomers (Figure 2).

In summary, the structure of silabenzene2 was unequivocally
determined by X-ray crystallography, and full delocalization of
its ring π-electrons was clearly demonstrated. Moreover, interest-
ing photochemical isomerization of2 to the corresponding
silabenzvalene was also disclosed. Further investigation to
elucidate the characters of2 is currently in progress.
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Table 1. Observed and Calculated Bond Lengths (Å) of
Silabenzenes

R Si-C2 C2-C3 C3-C4

observed Tbt 1.765(4) 1.391(6) 1.399(6)
1.770(4) 1.394(7) 1.381(6)

calculated H 1.773 1.400 1.403
Ph 1.776 1.400 1.403
Tbtxb 1.777 1.401 1.402

a B3LYP/6-31G(d).b All trimethylsilyl groups of Tbt are replaced
by trihydrosilyl groups.

Figure 2. Calculated relative energies of silabenzene isomers (kcal/mol,
B3LYP/6-31G(d)).
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