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1,1-Dilithiosilanes (R2SiLi2) are of interest in view of their
synthetic utility, structure, and reactivity. Despite numerous reports
on the synthesis of lithiosilanes (R3SiLi), far less attention has
been devoted to dilithiosilanes due to synthetic difficulties.1,2 After
the initial report on the generation of tetraphenylsilole dianion
by Joo and co-workers, a number of investigations concerned with
the study of the structural and chemical properties of silole
dianions have been reported, and the unusual interesting structures
of [Li(THF)2][Li(THF) 3][η1,η5-C4Ph4Si] and [K(18-crown-6)]2-
[η5,η5-C4Me4Si] have been determined by X-ray crystallography.3

On the other hand, Lagow et al. reported generation of the 1,1-
dilithiosilane derivative, 2,2-dilithio-1,1,1,3,3,3-hexamethyltri-
silane, by pyrolysis of (Me3Si)3SiLi-THF at 140-150 °C with
a low yield, and it was identified only by a trapping reaction.4

However, until now, no spectroscopic and crystallographic
characterization of 1,1-dilithiosilane derivatives has been reported,
except for silole dianions and the related compounds.3,5

We have studied a variety of silyl-substitutedπ-electron
systems that readily undergo reduction with alkali metals to
produce their alkali metal derivatives.6 As a part of this study,
we have examined the reaction of the persilyl-substituted sila-
cyclopropene1 with lithium metal and found an unexpected
reaction, which gives dilithiosilane2 and bis(trimethysilyl)-
acetylene by cleavage of the two Si-C bonds in the three-
membered ring. In this paper, we report the first successful

isolation and characterization of dilithiosilane2 by X-ray analysis
as well as by NMR spectroscopy.7,8

The reaction of19 (40 mg, 0.078 mmol) with an excess amount
of lithium metal (ca. 100 mg, 14 mmol) in dry, oxygen-free
tetrahydrofuran at room temperature gave a red solution of the
dilithiosilane within 30 min (Scheme 1).10 The solution was
hydrolyzed with heavy water to give 1,1,1,3,3,3-hexaisopropyl-
trisilane-2,2-d2 and bis(trimethylsilyl)acetylene in quantitative
yield.11 Since the first isolation of stable silacyclopropene by
Gaspar et al.,12 there has been an explosive growth in the area of
three-membered ring systems involving Group 14 elements.
However, there is no precedent for the alkali metal induced
fragmentation of the silirenes to dianionic silicon derivatives. The
reaction mechanism to form2 is obscure; however, the introduc-
tion of silyl groups to the CdC double bond plays an important
role by lowering the LUMO of1 for reduction.

The dilitiosilane2 was isolated as a pure compound. After
removal of the solvent and the resulting bis(trimethylsilyl)-
acetylene in vacuo, a pale yellow powder, which is slightly soluble
in hydrocarbon solvents such as hexane, benzene, and toluene,
was obtained and recrystallized from hexane-THF (v/v 30/1)
mixed solvent at-40 °C to give moisture- and air-sensitive pale
yellow crystals of2.

The dilithiosilane2 has a monomeric structure, as evidenced
by X-ray crystallography, and its molecular structure is shown
in Figure 1.13 Each lithium atom is coordinated with two
tetrahydrofuran molecules and the central silicon atom. The central
silicon atom has nearly tetrahedral geometry, and the bond angles
of Si1-Si2-Si3 and Li1-Si2-Li2 are somewhat expanded
[112.0(1) and 114.8(3)°, respectively], due to the steric bulkiness
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of the two i-Pr3Si groups and the electrostatic repulsion of the
two lithium atoms. The Si-Si bond lengths of2 are 2.335(2)
and 2.337(2) Å, which lie in the normal range. However, the Si-
Li bond lengths of2 [2.549(7) and 2.55(1) Å] are significantly
shorter than those of usual silyllithiums that have a solvated
monomeric structure [2.67-2.70 Å].14,15

The structure of2 in solution was also investigated by NMR
spectroscopy. The THF-d8 solution of2-6Li 2 was prepared by the
reaction of1 with lithium-6 in THF, and subsequently the solvent
was replaced by THF-d8.16 In the 29Si NMR spectrum at 298 K,
a broad signal assignable to the central silicon atom was observed
at -282.0 ppm. At a lower temperature (200 K), the signal for
the central silicon atom was slightly shifted to higher field,
appearing at-292.0 ppm as a quintet (1J29Si-6Li ) 15.0 Hz) due
to coupling with two equivalent6Li ( I ) 1). In 6Li NMR at 200
K, one signal can be observed at 2.18 ppm with the satellite

signals due to the29Si nucleus. Since the central silicon atom is
substituted by two electropositive lithium atoms and twoi-Pr3Si
groups, the chemical shift of the anionic silicon atom is largely
shifted upfield compared with that of (Me3Si)3SiLi, which shows
the signal of anionic silicon at-189.4 ppm.14d The one-bond
coupling between silicon and lithium-6 of2 (15.0 Hz) lies in the
normal range for monomeric silyllithiums (15-22 Hz).17 The
splitting patterns and coupling constant of the anionic silicon of
2 in the 29Si NMR spectrum suggest that two lithium atoms
connect to the silicon atom with sp3 hybridization and the
monomeric tetrahedral structure found in the solid state is
maintained in solution. Although a theoretical calculation of
dilithiosilane has been reported,18 our results provide the first
structural characterization of dilithiosilane, except for silole
dianion dilithium.

Reactions of2 with some electrophiles have also been carried
out. Dilithiosilane 2 reacted with methyl iodide to give the
corresponding 2,2-dimethyltrisilane in almost quantitative yield.
However, the reaction with chlorotrimethylsilane did not give the
disubstituted compound (i-Pr3Si)2Si(SiMe3)2, probably due to
steric reasons, but gave a monosubstituted one, (i-Pr3Si)2Si(H)-
SiMe3, after hydrolysis. Of particular interest is that the reaction
of 2 with 2,2-dibromo-1,1,1,3,3,3-hexaisopropyltrisilane as a
difunctional electrophile afforded tetrakis(triisopropyl)disilene319

in almost quantitative yield (Scheme 2).
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Figure 1. ORTEP drawing of2. Hydrogen atoms are omitted for clarity.
Selected bond lengths (Å): Si1-Si2, 2.337(2); Si2-Si3, 2.335(2);
Si2-Li1, 2.549(7); Si2-Li2, 2.55(1). Selected bond angles (deg):
Si1-Si2-Si3, 112.0(1); Si1-Si2-Li1, 106.3(2); Si1-Si2-Li2,
107.4(2); Si3-Si2-Li1, 108.6(2); Si3-Si2-Li2, 107.8(3); Li1-Si2-
Li2, 114.8(3).

Scheme 2
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