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Dihalobis(tri-tert-butylsilyl)silanes (-Bu3Si),SiX, (la: X =
CL, 1b: X = Br) underwent photochemically «-elimination to
produce halo(tri-fert-butylsilyl)silylenes, which were succes-
sively trapped by carbon tetrachloride, triethylsilane, and 3-
hexyne. The halo(tri-fert-butylsily)silylenes were observed by
UV-vis spectroscopy in a 3-methylpentane matrix at 77 K.

Divalent silylenes, the silicon analogues of the carbenes in
organic chemistry, are examples of very important reactive inter-
mediates.! These reactive species are generated by the thermal,
photochemical, and alkali metal induced reactions of the appro-
priate organosilicon compounds. Recently, we have successfully
observed triplet ground state bis(tri-tert-butylsilyl)silylene by
the photochemical reaction of 2,3-diethyl-1,1-bis(tri-fert-butyl-
silyl)-1-silacycloprop-2-ene.? In contrast to the extensive studies
of R,Si: (R = alkyl, aryl, and silyl) in the condensed phase'-?
and X,Si: (X = F,* C1,° Br®) in the gas phase at high tempera-
ture, only a few examples of the heteroleptic halosilylenes RXSi:
(X = halogen) have been reported so far.> Photochemical inter-
conversion of CIHSi=CH, to MeClSi: in an Ar matrix at 10 K
was reported by Maier et al.” Lee et al. recently reported the re-
duction of tribromo[tris(trimethylsilyl)methyl]silane with two
equiv of lithium naphthalenide to form bromo[tris(trimethylsi-
lyl)methyl]silylene or silylenoid species, which were trapped
by alcohols and diene derivatives.® Wiberg et al. reported the
generation of bromo(tri-zert-butylsilyl)silylene by the thermoly-
sis of dibromobis(tri-tert-butylsilyl)silane by heating at 160 °C,
its formation being demonstrated by the trapping reaction with
Et3SiH and 1,3-butadiene.’ In this paper, we report the photo-
chemical generation of halo(tri-fert-butylsilyl)silylenes by the ir-
radiation of dihalobis(tri-tert-butylsilyl)silane with light of
wavelength longer than 280 nm and their first UV—vis spectro-
scopic observation in a 3-methylpentane (3-MP) matrix at 77 K.

First, we examined the photochemical reaction of 1a in the
presence of carbon tetrachloride, a well-known trapping reagent
of reactive silylene to give the halogen abstraction product.'® A
cyclohexane-dj, solution of bis(tri-fert-butylsilyl)dichlorosilane
la (53.3mg, 0.11 mmol) and carbon tetrachloride (0.3 mL,
28 mmol) in a sealed quartz NMR tube was irradiated with light
of wavelength longer than 280 nm. The progress of the photore-
action was monitored by NMR spectroscopy. In the 'HNMR
spectrum, new signals at 1.19 and 1.11 ppm, which can be as-
signed to 3a and tri-fert-butylchlorosilane, respectively, grew
up simultaneously with irradiation time, with a corresponding
decrease of the signal at 1.37 ppm due to 1a. The signal due to
the starting material 1a completely disappeared after 2.5 h irra-
diation. The photoreaction of 1a proceeded cleanly to form the
product 3a (83%) together with tri-fert-butylchlorosilane
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(Scheme 1).!! The photoreaction of 1b in the presence of carbon
tetrachloride also produced the similar product 3b in 70% yield.
In the presence of triethylsilane, products 4a and 4b were ob-
tained in 52 and 49% yield, respectively (Scheme 1).!" These re-
sults indicate that photochemical reaction of 1 leads to silylene
t-BusSi(X)Si: (2: X = Cl, Br) as well as t-BusSiX, the inter-
mediate existence of which was proven by the chlorine abstrac-
tion of carbon tetrachloride, as well as the insertion reaction into
the Si—H bond of triethylsilane. The silacyclopropene derivative
5b was formed in 89% yield when the photochemical reaction of
1b was carried out in the presence of 3-hexyne.'? Steric bulki-
ness around the central silicon atom, which causes the stretching
of Si-Si bond and the widening of Si-Si-Si angle (e.g.
2.4914(9) A and 142.41(3)° for 1a'3), is crucial for the photo-
chemical generation of the halogen-substituted silylenes. Indeed,
dibromobis(triisopropylsilyl)silane was inert under the same
conditions.

Next, we examined the photolysis of 1 by UV-vis spectros-
copy in a glass matrix at low temperature. Upon irradiation with
light (1 > 280 nm) of the 3-MP glass matrix containing 1a or 1b
at 77K, the glass matrix turned yellow and produced two weak
UV-vis absorption bands with maxima at 291, 518 nm, or 312,
512nm, respectively (Figure 1).!* The absorption bands ob-
served at 518 and 512 nm were assigned to the HOMO-LUMO
transition of 2a and 2b, respectively, corresponding to the
n(Si) — 3p(Si) transition. The absorption maxima of 518 nm
for 2a and 512 nm for 2b are at appreciably longer wavelengths
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Figure 1. UV-vis spectra obtained during photolysis of 1b in
3-MP: (a) before irradiation (----- ); (b) after 7 min irradiation
at 77K ( ).

than those of F,Si: (321 nm, in the gas phase),4C Cl,Si: (317 nm,
in the gas phase),” and MeClSi: (407 nm, Ar matrix, 10K).”
These substituent effects can be attributed to the o-electron do-
nating ability of the electropositive -BusSi group, which raises
the energy level of the n(Si) orbital significantly. Since the
electronegative substituent lowers the energy level of the n(Si)
orbital,? it is expected that the n(Si) — 3p(Si) transition in 2a
would shift to shorter wavelength compared with 2b.'® However,
the silylene 2a showed an unexpected small red shift relative to
2b. The reason is not clear at this moment. In the presence of a
Lewis base, the absorption band was observed at 344 nm for 2a
and 354 nm for 2b during the photolysis of 1 in the glass matrix
of 3-MP/2-Me-THF (99:1) at 77 K. It is considered that the 2-
Me-THF interacts with the vacant 3p(Si) orbital to appreciably
stabilize the singlet silylene 2.7
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A halosilylene should lead to novel silicon chemistry be-
cause of its synthetic utility. For example, as mentioned in the
reaction with 3-hexyne, silacyclopropene derivative Sb having
a halogen atom was successfully prepared (Scheme 1). Com-
pound 5b is a promising precursor to the unprecedented silacy-
clopropenylide ion. Actually, compound 5b was treated with
lithium in THF to produce the corresponding silacyclopropenyl-
lithium 6,'® which was trapped with triisopropylsilyltriflate to
produce silacyclopropene 7 (Scheme 2).'” The further synthetic
application of the halosilylene will be reported elsewhere.
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