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Recent theoretical calculations have shown that the structure
of silylene dimers depends strongly on the substituents; while
simple H2Si: dimerizes to give a stable disilene, H2SidSiH2,
dimers of several heteroatom substituted silylenes (X, Y) NH2,
OH, F, etc.) are bridged by the heteroatoms as shown in Scheme
1.1

Diaminosilylene [(H2N)2Si:] is particularly interesting because
the theoretical calculations at the HF/6-31G* level have shown
that diaminosilylene has no energy minimum at the disilene
geometry, while a local minimum is observed at the corresponding
bridged dimer geometry.1f Whereas a number of diaminosilylenes
have been generated and even isolated,2 there has been no
spectroscopic evidence for the dimer structures reported so far.3

In this paper, we have found that bis(diisopropylamino)silylene
(1) generated photochemically is rather stable at room temperature
in solution and gives the dimer at low temperature. In contrast
to the theoretical prediction,1f the dimer is not compatible with
the bridged structure but with the disilene, as evidenced by UV-
vis spectroscopy.

Photochemical generation of1 is confirmed by several trapping
experiments. Exhaustive irradiation of hexane solutions of
3,3-bis(diisopropylamino)-1,2-bis(trimethylsilyl)-3-silacyclo-
propene (2)4 (ca. 2× 10-2 M) at room temperature with a 500-W
high-pressure mercury arc lamp in the presence of triethylvinyl-
silane and 2,3-dimethyl-1,3-butadiene gave34 and45 in 100 and
32% yields, respectively (Scheme 2).6

The following observations indicate that1 generated photo-
chemically is stable enough to be observed by NMR and UV-
vis spectroscopies in solution at room temperature. During

irradiation of2 in toluene-d8 in a sealed tube with a 500-W high-
pressure mercury arc lamp at 25°C, a set of signals assignable
to 1 appeared at 1.29 (a doublet) and 3.60 ppm (a septet) with
the intensity ratio of 6:1 together with signals due to bis-
(trimethylsilyl)acetylene in the1H NMR spectrum;7 the yield of
1 determined NMR spectroscopically was 90% under the con-
sumption of 48% of2. While the new signals were rather
persistent at 25°C, the disappearance of the signals together with
the increase of the signal intensity of2 was observed upon heating
of the mixture to 75°C, being indicative of readdition of1 to
bis(trimethylsilyl)acetylene.8 When a similar photolysis of a
3-methylpentane (3-MP) solution of2 was monitored at room
temperature by UV-vis spectroscopy, a new band appeared at
335 nm (band I) as shown in Figure 1. The band maximum is
reasonably assigned as nf p transition of1 because the nf p
transition of a related cyclic diaminosilylene has been observed
at 344 (sh) nm.2h Whereas the absorption bands of these
diaminosilylenes are unusually blue-shifted from that of dimeth-
ylsilylene (453 nm),9 the effective intramolecular interaction
between lone-pair orbitals on nitrogens and a vacant silicon 3p
orbital to raise the latter level is responsible for the blue shift, as
demonstrated both theoretically and experimentally;10 typically,
λmax of Mes(Me2N)Si: (405 nm) has been found at a 92-nm
shorter wavelength than that of Mes(H)Si: (λmax 497 nm).10c,11

As shown in Figure 1, a new band emerged at 439 nm (band
II) when a 3-MP solution of1 prepared by photolysis of2 at
room temperature was cooled to 77 K. With lowering temper-
atures, the absorbance of band II increased, and the maximum of
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band I shifted from 335 nm at 292 K to 325 nm at 77 K; the
spectral change was reversible between 77 and 292 K. The ratio
of the absorbance of band I (AI) to that of band II (AII) was not
independent ofAI at a constant temperature.13 Instead,AII was
proportional toAI

2, being indicative that diaminosilylene1 is
equilibrated in solution with a dimer of1 which is responsible
for band II (eq 1). Although the absolute equilibrium constant

in 3-MP (K) cannot be determined by our experiments, the
equilibrium constant in a 95/5 mixture of 3-MP and 2-methyltet-
rahydrofuran (2-MeTHF) (K′) was found to be rather smaller than
K (K′/K ) 0.6 at 77 K), suggesting significant stabilization of1
by a polar solvent.14 While reversible thermal dissociation of
disilenes to the corresponding silylenes has been reported by
Okazaki et al.,17 the present results afford the first direct

spectroscopic observation of the reversible equilibrium between
silylene and disilene.

On the basis of the following arguments, the dimer structure
is not compatible with the bridged dimer but with the corre-
sponding disilene5. Thus, the amino-bridged silylene dimer
should be colorless because a known amino-bridged dimer of bis-
(dimethylamino)stannylene is colorless (λ < 400 nm).18 While
the maximum of band II is red-shifted considerably from the
reported value for tetramethyldisilene (344 nm),19 successive
dialkylamino substitution to the disilene has been shown to cause
significant red shift of the maximum; theλmax values found for
(diethylamino)trimethyldisilene20aand 1,1-bis(diethylamino)-2,2-
dimethyldisilene20b are 395 and 417 nm in 3-MP at 77 K,
respectively. Extrapolation of the substituent effects suggests that
the value of 439 nm is reasonable as the maximum of a tetrakis-
(dialkylamino)disilene.

The absorbance of band I should decrease along with the
formation of the dimer at lower temperatures, but in reality, it
even increases accompanying the significant blue shift and
narrowing of the bandwidth, as shown in Figure 1. The
temperature dependence of the feature of band I would be related
to the conformational change around Si-N bonds depending on
temperatures. Thus, with lowering temperatures, overlap between
nitrogen lone-pair orbitals and a vacant 3p(Si) orbital will increase
in average due to the decrease of the amplitude of the torsion
around the Si-N bonds, which in turn causes the blue shift (vide
supra) and the band narrowing. Related behavior has been
observed for the UV-vis spectra of aryloxysilylenes by West et
al.10d Since theπ f π* transition of5 is allowed but the nf p
transition of1 is forbidden, the actual contribution of5 in the
silylene-disilene equilibrium will be smaller than that anticipated
by the apparent ratio of the absorbances between the bands I and
II. Therefore, the decrease of the absorbance of band I by
dimerization of1 will be compensated for by the narrowing of
the bandwidth and possible increase of the oscillator strength of
the nf p transition of1, while at present, there is no supporting
evidence for the latter rationalization. The UV-vis spectral
behavior of1 in solution implies also that the major component
in the equilibrium is1 even at 77 K and no dimers other than5
such as the bridged dimer contribute to the equilibrium.

The present spectroscopic study suggests that the bridged dimer
would be the transition state for the scrambling of the amino
substituents found previously4 or the transient species which exists
only at higher temperatures (>80 °C).
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Figure 1. Temperature-dependent UV spectra of 3-MP solution of1,
prepared by irradiation of2 at 292 K (s ‚ s), at 107 K (- - -), and at 77
K (- - -).
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