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Synthesis and Structure of a Series of Oligo[1,1-(2,3,4,5-tetramethylsilole)]s
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A series of oligo(l,l-silole)s, Me3Si[SiC4Mey],SiMe; (3:
n =3, 4: n =4, 5: n = 5) were synthesized and characterized.
X-ray diffraction analysis of tersilole 3 revealed that the
pentasilane backbone has almost all-trans conformation. The
oligo(],l-silole)s show distinct UV absorptions due to 6-6*, o—
T*, and T—1* transitions.

Polysilane high polymers having saturated all-silicon
backbone have attracted remarkable attention recently because of
the unique spectroscopic and optoelectronic properties due to 6—
conjugation! Polysilanes with catenation of the silole-ring
silicons are fascinating polymers, because well-known o*-—m*
interaction? between the silicon-chain c*—orbitals and cisoid-
butadiene w*—orbitals can modify the electronic structure of the
silicon backbone to induce unique photochemical and photo-
physical properties. Quite recently, as models of poly(l,l-
silole)s,3 Tamao et al.32 have reported synthesis and properties
of a series of oligo[l,I-(2,5-dimethyl-3,4-diphenylsilole)]s, and
Boudjouk et al.4 have reported the synthesis of a tergermole,
germanium analogue of oligo(1,1-silole)s. We now report the
synthesis, structure, and UV spectral feature of a series of
oligo(1,1-(2,3,4,5-tetramethylsilole)]s 1-5; among them, mono-
silole 1 and bisilole 2 have already prepared by West> and
Tilley,5 respectively. Because we have chosen a methyl substi-
tuent on each carbon atom of the butadiene moiety to exclude
aromatic substituent effects, distinct UV absorptions due to c—
o*, 6—1* and m—1* transitions were observed.
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A reaction of 1,1-dilithio-2,3,4,5-tetramethylsilole (6)7
with 2 equivalents of l-chloro-1-trimethylsilyl-2,3,4,5-tetra-
methylsilole (7)7 gave tersilole 3 in 33% yield.2 The treatment
of 3 with PhCH,K/18-crown-66 in toluene followed by the
addition of 7 produced the corresponding quatersilole 49 in 32%
yield together with a small amount of quinquesilole 510 (1%
yield).

Figure 1 shows an ORTEP drawing of the molecular
structure of 3.11 The conformation of the pentasilane chain of 3

is almost all-trans but slightly deformed in order to avoid the
steric repulsion between tetramethylsilole rings [torsion angles:
Sil-Si2-Si3-Si4 = 166.90 (3) °, Si2-Si3-Si4-SiS = 173.74 (3) °].
Two terminal silole units are faced with almost parallel
arrangement of the ring planes; the face-to-face distance is ca.
3.7 A. Usual values are taken to all the bond lengths and bond
angles of 3.

Figure 1. ORTEP drawing of 3. Selected bond lengths (A) and bond
angles (deg.): Sil - Si2 = 2.353 (1), Si2 - Si3 = 2.346 (1), Si3 - Si4 =
2.346 (1), Si4 - Si5 = 2.346 (1); Sil - Si2 - Si3=111.33 (4), Si2 - Si3 -
Si4 =111.10 (4), Si3 - Si4 - Si5 = 111.12 (4).

As shown in Figure 2, UV spectrum of monosilole 1 in
hexane at rt shows two maxima at 257 and 299 nm. The latter
band will be easily assigned to the T—m* transition of the silole
ring because a similar absorption band is found in 1,1-di--butyl-
2,3,4,5-tetramethylsilole (8)!12 (Ay,, = 294 nm). The shorter
wavelength band of 1 can be assigned to the intramolecular
charge-transfer transition from oligosilane 6-HOMO to diene
©*-LUMO (c-7t* transition), because the corresponding band is
missing in 8 with no Si-Si o-bonds, and significantly red-
shifted in 1,1-bis(pentamethyldisilanyl)-2,3,4,5-tetramethylsilole
(9, Amax = 272 nm)13 whose 6-HOMO level is higher than that
of 1 due to the longer silicon chain. On this basis, the
absorption bands at around 280 nm of 2—5 would consist of the
two overlapping o-m* and 7-m* bands; the absorption
wavelengths are apparently invariant with the oligosilane chain
lengths, while the absorption coefficients increase. The results
suggest that no significant through-space interaction exists
between these silole rings, as expected from the face-to-face
distance between diene moieties of 3. The absorption maximum
of 2 at 223 nm shifts red with increasing silicon chain length,
being assignable to the 6—0* transitions of oligosilane chains.
Actually, a good linear relationship is found between the 6—c*
band maxima of 2-5 and those of the corresponding
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Figure 2. UV spectra of 1-5 in hexane at rt. (1: —— , 2:----- R
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permethyloligosilanes, while the slope is less than unity (0.60);
Amax/nm of Me(SiMey) Me: n=3,215;n= 4, 235; n = 5, 250;
n =6, 220 and 260; n = 7, 230 and 266.5.14

An MO correlation diagram for bisilole 2 with two silole
rings and three Si-Si o-bonds is represented schematically in
Figure 3. The energy level of the lowest-energy ¢*—orbital of
SiyMey (0*y) remains unchanged in 2 because o*-m*
conjugation between o*yy and all of the w*—orbitals does not
take place due to the disagreement of the orbital symmetry each
other, while interactions of *p ; with higher-energy ¢*—orbitals
(o*; and ©*3) are allowed. The T*py; level will be lowered by
the o*—n* interaction as expected, but elevated by the possible
interaction with the highest-energy o-orbital (6yp). These
opposite interactions may keep the ¥ y; levels independent of
the silicon chain length, leading to the invariant T—7* transition
energy. Another consequence of the Opo—n* interaction will be
lowering the 6yo level to cancel out the elevation of oy level
by silicon-chain elongation. This may be the origin of the
invariant O—7* transition energy as well as the less sensitive
chain length dependence of the c—6* transition energy.

Existence of the intense 6—m* intramolecular charge-
transfer absorption found in the oligo(l,l-silole)s is highly
suggestive of the unique optoelectronic properties like
photoconductivity of poly(ll-silole)s. Related work is in
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Figure 3. MO correlation diagram of 2.
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