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Polysilanes represent a novel class of materials with unique
electronic and optical properties, which exhibit an extensive
electron delocalization along the polymer backbone.1 The elec-
tronic properties of these polymers are affected by the polymer
conformation, the degree of polymerization, and the substituents
attached to the polymer chain.2 Although the introduction of
hypervalent silicon moieties into the polysilane backbone is
expected to cause a strong perturbation to the electronic structure
of the polymers,3 little is known about the influence of coordina-
tion number and valence state on the polymer properties. Several
efforts have been made to introduce hypervalent silicon atoms
into disilanes4 and trisilanes;5 however, the synthesis of oligosi-
lanes containing pentacoordinate silicon moieties in the internal
positions has not been realized yet.6 We report herein the
synthesis, characterization, and the spectral properties of trisilane
3 containing a pentacoordinate silicon atom and tetrasilane4
having two adjacent pentacoordinate silicon atoms at the internal
positions.

We choseN-[(chlorosilyl)methyl]amide systems for the present
study, because the five-membered rings involving intramolecular
O f Si coordination by amides were found to be very stable,
compared to other systems.7 Pentacoordinate trisilane3 was
prepared in a high yield by the reaction ofN-methyl-N-
trimethylsilylacetamide with trisilane1 in hexane at room
temperature (Scheme 1). The similar reaction with tetrasilane2
(1:1 mixture of diastereomers) selectively gavedl-isomer of
pentacoordinate tetrasilane4; 1H NMR analysis of the reaction

mixture showed that there was no trace amount ofmeso-4.8 These
compounds are colorless crystals and fairly stable in the air but
rapidly hydrolyzed in polar solvents containing water.

The X-ray analysis of3 and4 revealed the almost ideal trigonal
bipyramidal (TBP) structure with the chlorine and the oxygen
atoms in the axial positions (Figure 1). The TBP character of the
internal silicon atoms of the pentacoordinate oligosilanes is
markedly high; the %TBPe value for3 estimated from the three
equatorial-to-equatorial angles is 99%, and this value for4
(average of the two pentacoordinate silicon centers) is 98%.9 The
Si-Cl bond lengths (2.367(1) Å for3, 2.3217(6) and 2.3704(5)
Å for 4) and the Si-O distances (1.947(2) Å for3 1.981(1) and
1.943(1) Å for4) are normal as [3+ 2] TBP coordination.10 The
sum of the three equatorial angles (359.9° for 3, 360.0° and 359.1°
for 4) indicates almost complete planarity of the equatorial planes
in 3 and 4. The Si1-Si2 bond length (2.3362(5) Å) in4 is
comparable to a tetrahedral Si(sp3)-Si(sp3) bond (2.33-2.37 Å),11

while the bond between the two equatorial silicon atoms can be
formally regarded as Si(sp2)-Si(sp2).12,13The relatively long Sieq-
Sieq bond length, however, is quite reasonable in view of the
sterically crowded coordination sphere of pentacoordinate silicon
species.14

The 29Si NMR spectra of3 and 4 in C6D6 solution showed
that the chemical shifts for the internal silicon atoms (-63.71
ppm for 3 and-61.88 ppm for4) are markedly upfield-shifted
by ca. 60 ppm from those of tetracoordinate trisilane1 (0.53 ppm)
and tetrasilane2 (-0.43 and 1.33 ppm), proving the effective O
f Si coordination.15 Strong coordination in these molecules is
also supported by the IR spectra (in KBr) which exhibited the
ν(CO) bands at 1603 cm-1 for 3 and 1607 cm-1 for 4. Theν(CO)

of analogous (Me2ClSi)CH2N(Me)(CdO)Me (5) also appeared
at the same region (1598 cm-1),7a indicating that replacement of
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two equatorial methyl groups in5 by two silyl groups has no
influence on the strength of the O-Si bond.16 This result is
somewhat surprising, because the presence of an electropositive
ligand such as silicon in the equatorial position is supposed to
weaken the coordination bond.3,7c

The UV spectra of3 and4 are shown in Figure 2, in which
the spectrum of 2-chloroheptamethyltrisilane is also given for
comparison. In isooctane solution,3 exhibited a strong absorption
at 227 nm ((a),ε ) 7045 cm-1 M-1), which can be assigned to
σ f σ* transition of the Si-Si bond.1a,17 It should be noted that
the absorption maximum of3 appears at the longest wavelength
among various Me3SiSi(X)MeSiMe3 (X ) halogen, N, O, S,
Me).17 For example, compared with the spectrum of (Me3Si)2Si-
(Cl)CH3 ((b), λmax ) 215 nm,ε ) 7300 cm-1 M-1), theλmax of
3 is red-shifted by 12 nm. The strong bathochromic shift is
apparently a result of an electronic perturbation of the Si-Si bond
by the pentacoordinate moiety. To gain an insight of this point,
ab initio calculations (CIS/6-31G**) were carried out on model

compounds, (H3Si)2Si(Cl)CH2NHCHO 6 and (H3Si)2Si(Cl)CH3

7, where the structures were optimized at the B3LYP/6-31G**
level.18 The calculatedλmax of 6 was red-shifted by 6.2 nm from

that of7, and the strongest absorption was mainly originated by
the σSiSi f σ*SiSi transition in both molecules. Compared with
the corresponding orbitals of7, theσSiSi orbital of6 is substantially
destabilized, whereas theσ*SiSi orbital of6 is slightly destabilized.
The lone pair orbital on oxygen shifts up theσSiSi orbital of 6 in
energy, while it does not affect theσ*SiSi orbital of the different
symmetry. Thus, the red shift in the absorption spectra of6 is
theoretically explained as the result of an interaction between the
oxygen lone pair orbital and theσSiSi orbital.

In striking contrast, theλmax of 4 ((c), 207 nm,ε ) 8400 cm-1

M-1 in isooctane) appeared at the shorter-wavelength region
relative to3, although the presence of the two pentacoordinate
silicon moieties are expected to be more effective in destabilizing
theσSiSi. We attribute this unusual spectral property of4 primarily
to a conformational effect on the electronic structure. Recent
studies on conformationally constrained tetrasilanes have clearly
demonstrated that pseudo-gauche conformation (the Si-Si-Si-
Si dihedral angle (ω) ) 55°) causes a significant decrease of
absorbance in the longer-wavelength region above 220 nm.19 As
suggested by the crystal structure of4 (ω ) 57.14(4)°), the lowest
energy conformation of4 in solution seems to be gauche-like
(conformer A in Scheme 2);20 this conformation would be
responsible for the disappearance of the absorption in the longer-
wavelength region. Our hypothesis is strengthened by the
observation that the UV spectrum of4 displayed a solvent-
sensitive red shift of theλmax in acetonitrile solution (Figure 2d),
suggesting that greater contribution of other conformer likeD in
polar solvent gave rise to the observed red shift.21 However, at
the present stage, it is difficult to separate the inherent electronic
effects of the two pentacoordinate silicon moieties on the
electronic structure of4 from the conformational effects; further
study is needed to clarify this point.

Currently, we are studying the electronic properties of various
types of hexa- and pentacoordinate oligosilanes as well as the
synthesis of pentacoordinate polysilanes with high molecular
weights.
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Figure 1. X-ray structures of3 and4. Selected bond distances (Å) and
angles (deg).3: Si1-Si2 ) 2.329(1), Si1-O1 ) 1.947(2), Si1-Cl1 )
2.367(1), Si1-C1 ) 1.903(3); Si2-Si1-Si3 ) 122.73(4), Si2-Si1-C1
) 122.1(1), Si3-Si1-C1 ) 115.1(1), Cl1-Si1-O1 ) 170.70(6).4:
Si1-Si3) 2.3395(6), Si1-Si2) 2.3362(5), Si2-Si4) 2.3447(7), Si1-
Cl1 ) 2.3217(6), Si1-O1 ) 1.981(1), Si2-Cl2 ) 2.3704(5), Si2-O2
) 1.943(1); C1-Si1-Si2 ) 116.96(5), C1-Si1-Si3 ) 123.03(5), Si2-
Si1-Si3 ) 119.09(2), Cl1-Si1-O1 ) 172.03(4), C5-Si2-Si4 )
117.30(6), Si1-Si2-Si4 ) 126.27(2), Si1-Si2-C5 ) 116.41(6), Cl2-
Si2-O2 ) 172.49(4).

Figure 2. UV spectra of (a)3, (b) 2-chloroheptamethyltrisilane, (c)4 in
isooctane solution, and (d)4 in acetonitrile solution.

Scheme 2
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