1044

Chemistry Letters Vol.37, No.10 (2008)

An Isolable Boryl-substituted Disilene from the Reaction of an sp-type Silyl Anion
with Haloboranes: Synthesis and Characterization
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The disilenyllithium, (#~-BuyMeSi),Si=Si(SiMet-Bu,)Li
(2a), reacted with B-chloropinacolborane (pin)BCl, or B-chloro-
catecholborane (cat)BCl in toluene to produce the corresponding
boryl-substituted disilenes 3a and 3b, which were isolated as
air-sensitive yellow crystals. X-ray crystallographic analysis of
3b showed a nearly planar geometry around the Si=Si bond
lacking 7r-conjugation between the Si=Si bond and a vacant p
orbital of boron.

Since the first isolation of a compound with a silicon—silicon
double bond by West et al. in 1981, great progress has been
made in the chemistry of stable disilenes.? In particular, elec-
tron-donating substituents, such as the silyl group, are well
known to favor a planar Si=Si bond and increase the bond dis-
sociation energy of disilenes.® Boron is also an electropositive
element with vacant p orbitals, and its electronegativity is close
to that of silicon: 2.04 (Pauling scale) for B, 1.90 for Si.* How-
ever, there have been no reports until now on the chemistry of
isolable boryl-substituted disilenes, owing to lack of suitable
routes in their preparation. Silylboranes are most commonly
prepared by the reaction of silyllithium with haloboranes (R,BX:
X = F, Cl, Br, and I).5 In this paper, we report the first synthesis
of boryl-substituted disilenes by the reaction of an sp?-type silyl
anion with haloboranes.®

Recently, we reported the synthesis and isolation of sp>-type
silyl anions (+-Bu;MeSi),;Si=Si(Mes)M (Mes = 2,4,6-trimeth-
ylphenyl, M = Li, and K),” (+-Bu;MeSi),Si=Si(SiMet-Bu,)M
(M = Li (2a), Na (2b), and K (2¢)),® and Dsi,i-PrSi(H)Si=
Si(Li)Sii-PrDsi; [Dsi = CH(SiMe3),].> Among these sp? silyl
anions, the disilenyllithium 2a is readily available on a relatively
large scale from the two-electron reduction of tetrakis(di-
tert-butylmethylsilyl)disilene (-Bu,MeSi),Si=Si(SiMet-Bu,),
(1)'° by LiNp in THF, which forms a dianion that can then be
converted to 2a by changing the solvent from THF to aromatic
solvents. Scheschkewitz also reported the disilenyllithium
Tip,Si=Si(Tip)Li (Tip = 2,4,6-triisopropylphenyl) from the
reaction of Tip,SiCl, with lithium metal.!! Disilenyllithiums,
such as 2a and Tip,Si=Si(Tip)Li, show interesting reactivity
and have recently become very powerful synthetic tools in
organosilicon chemistry.'? For instance, we and Scheschkewitz
et al. demonstrated that novel silenes with an Si=C bond can
be synthesized by the reaction of disilenyllithiums with 2-
adamantanone, 12 1-adamantanecarbonyl chloride,'?f and vinyl
bromides.'?" We report here that disilenyllithium 2a is a promis-
ing reagent for the synthesis of unprecedented boryl-substituted
disilenes, which will be interesting as a new type of disilenes
with a boron atom.

The reaction of disilenyllithium 2a with 1 equiv of B-chloro-
pinacolborane (pin)BCl, or B-chlorocatecholborane (cat)BCl in

dry toluene at room temperature for 3 h efficiently produced
the corresponding coupling products, the first boryl-substituted
disilenes 3a and 3b, which were isolated by recrystallization
from hexane as air-sensitive yellow crystals in 76% and 78%
yields, respectively (Scheme 1).!> However, the reaction of
2a with 1.1 equiv of bis(2,4,6-trimethylphenyl)fluoroborane or
diphenylchloroborane did not proceed as a coupling reaction,
leading to a complex mixture. Molecular structures of boryl-
substituted disilenes 3 were determined by spectroscopic data
and X-ray crystallographic analysis (for 3b).

The molecular structure of 3b as determined by X-ray
crystallographic analysis is shown in Figure 1.4 The Si=Si bond
length of 3b is 2.192(2) A, which is shorter than that of 11
[2.2598(18) A] and 2a® [2.1983(18) A], because of the decrease
in steric hindrance. As expected, compound 3b has a nearly
planar geometry: the sums of the bond angles around the skeletal
silicon atoms are 359.98° for Sil and 359.99° for Si2. However,
the Si=Si bond is slightly twisted: the twisting angle is 7.1°. The
orientation of the catechol boryl substituent to the Si=Si double
bond is almost perpendicular because of steric hindrance from
the bulky substituents, the torsion angle for Si1-Si2-B1-O1 be-
ing 85.4°. Thus, there is essentially no 77-conjugation between
the Si=Si bond and the boryl group. The Si2-B1 bond length
of 3b [2.022(8) A] is a typical length for an Si-B single bond
(1.984-2.1249 10%) of silylboranes, lithium silyl borates, or the
silylborane—isocyanide complex.'?

The 2°SiNMR spectrum of 3a in C4Dg showed resonance
signals at 127.0 (B-Si=) and 111.5 ppm (Si-Si=), which were
assigned to unsaturated skeletal silicon atoms, and at 16.7,
17.9, and 20.8 ppm, which were assigned to the three -Bu,MeSi
groups, respectively. These chemical shifts of the skeletal
silicons are comparable to those of tetrasilyl-substituted
disilenes.>** The '"BNMR spectrum of 3a showed a broad
signal at 21.5 ppm, which is shifted downfield relative to bor-
yl-substituted ethylenes.!® The 2°Si and !"BNMR spectra of
3b showed signals at 127.3 and 111.7 ppm (**SiNMR), and
22.6 ppm (!B NMR), which are similar to those of 3a.
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Figure 1. ORTEP drawing of 3b (30% thermal ellipsoids,
benzene molecule as crystal solvent and hydrogen atoms
are omitted for clarity). Selected bond lengths (A) and angles
(deg): Sil-Si2 = 2.192(2), Sil-Si3 = 2.397(3), Sil-Si4 =
2.393(2), Si2-Si5 = 2.386(2), Si2-B1 = 2.022(8), Si2-Sil—
Si3 = 115.47(10), Si2-Sil-Si4 = 120.57(10), Si3-Sil-Si4 =
123.94(9), Si1-Si2-Si5 = 143.29(11), Si1-Si2-B1 = 111.3(2),
Si5-Si2-B1 = 105.4(2).

In the UV-vis spectra of 3a and 3b, the longest wavelength
absorption bands are observed at 393 (€ = 1450M~! cm™') and
395nm (& = 1600M~!cm™1), respectively, and these were
assigned to the 7—7r* transition of the Si=Si bond. These values
are close to those of tetrasilyl-substituted disilene (cf. 412 nm
for (i-Pr,MeSi),Si=Si(SiMei-Pr,);) with planar geometry of
the Si=Si bond, which suggests a small effect of boryl-substitu-
tion on the Si=Si bond in disilene 3.3 This is due to the absence
of conjugation between a vacant p orbital of boron and the Si=Si
7T bond, as found in the X-ray structure of 3b. Indeed, calculation
on the model compound, catechol boryl-substituted disilene
(Mes3Si),;Si=Si(SiMe;)B(cat) (4b),'” with a perpendicular
arrangement of the Si=Si double bond plane and catecohol boryl
plane at the B3LYP/6-31G(d) level revealed that the HOMO-
LUMO energy gap is similar to that of model compound
(MesSi),Si=Si(SiMes), (5) (4b: —4.90eV for HOMO and
—1.58¢V for LUMO; 5: —4.87eV for HOMO, —1.64¢V for
LUMO). The energy levels of 4b are essentially not influenced
by the introduction of the B(cat) group. On the other hand, the
HOMO-LUMO energy gap of 4b” with a coplanar arrangement
of the Si=Si double bond plane and catechol boryl plane
(—4.98eV for HOMO, —1.90eV for LUMO) is significantly
decreased compared with 4b, because of the interaction between
the Si=Si bond and a p-orbital of the boron atom. We are
currently preparing such a conjugated system.
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