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Spirobi(dithienosilole)s were prepared and their optical and
FET properties were studied. They showed absorption maxima
at 358–368 nm, a little red shifted from those of the correspond-
ing non-spiro type dithienosiloles, indicating that spiro-conjuga-
tion operates in these molecules to an extent. The field-effect
hole mobility of spirobi[bis(trimethylsilyl)dithienosilole] was
determined to be 1:4� 10�6 cm2 V�1 s�1.

A couple of years ago, we have initiated studies concerning
the synthesis and properties of dithienosilole derivatives having
a silole system condensed with a bithiophene system (DTS).1 In
these molecules, the silicon bridge retains the coplanarity of two
thiophene rings to enhance the conjugation and, moreover, inter-
action between �� orbital of the silole silicon and �� orbital of
the inner ring butadiene unit lowers the LUMO energy level,
making it possible to use these compounds as electron transport-
ing materials for EL devices.2 It was also found that some poly-
mers having DTS units in the backbone would be used as hole-
transports in EL devices.3 In an effort to explore further the
scope of the dithienosilole system, we prepared spiro-condensed
ones as the novel �–� conjugated compounds.

Spiro-condensed dithienosiloles were readily obtained, as
shown in Scheme 1.4 Thus, the reaction of 3,30-dilithio-5,50-bis-
(trimethylsilyl)-2,20-bithiophene with tetrachlorosilane gave spi-
robi[2,6-bis(trimethylsilyl)dithienosilole] (sDTS-1), as the pale
yellow crystals whose melting point was observed at 308 �C
by DSC higher than those of simple DTS derivatives; e.g.,
DTS-1 (R = SiMe3, Ar = Ph in Chart 1) melted at 158–
160 �C.2 Similar increase of morphological thermal stability of
�-conjugated systems by spiro-condensation has been often ob-
served.5 Subsequent bromination of sDTS-1 gave sDTS-Br.
Lithiation of sDTS-Br with n-butyllithium, followed by treat-
ment with chlorosilanes gave substitution products sDTS-2
and sDTS-3. They melted at 204–205 �C and 223–225 �C, re-
spectively. The present sDTS exhibited UV absorption and
emission maxima at 366–368 nm (" 21,000–26,000) and 434–
436 nm (� 0.10–0.17), respectively, which were red-shifted
from those of DTS-1 by about 10 nm.2 Cyclic voltammometric
analysis of sDTS-1 in THF/acetonitrile = 1/4 revealed an irre-
versible oxidation peak at 0.93V vs Ag/Agþ, at almost the same
potential as that of DTS-1.

To know more about the electronic states of the present
sDTS, we carried out molecular orbital (MO) calculations of

the models, at the level of HF/6-31G�.6 As shown in Figure 1,
both HOMO and LUMO energy levels are affected by spiro-con-
densation leading to a decrease of the HOMO–LUMO energy
gap, presumably by through space interaction between two or-
thogonal bithiophene �-orbitals, namely spiro-conjugation.7 It
is also noted that ��–�� interaction takes place efficiently in
the spiro-condensed system, as indicated by the LUMO orbital
profile that shows mixing of Si �� and thiophene �� orbitals
clearly (Figure 1), similar to DTS.

The crystal structure of sDTS-1 was determined by a single
crystal X-ray diffraction study and the ORTEP drawing is de-
picted in Figure 2.8 Two dithienosilole rings of sDTS-1 retain
high coplanarity and are located in a perpendicular fashion to
each other. The bond distances and angles in DTS systems close-
ly resemble those of DTS-2 (R = H, Ar = Ph in Chart 1),1 indi-
cating configuration strain arising from the spiro-condensation is
negligible if at all present.

We examined a vapor-deposited film of sDTS-1 as an FET
semiconductor.9 Figure 3 shows typical plots of the id versus Vd

Scheme 1. Preparation of sDTS.

Chart 1. Dithienosilole (DTS)

Figure 1. Relative HOMO and LUMO energy levels for model
compounds, derived from MO calculations, and HOMO and
LUMO orbital profiles for sDTS.
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at various Vg for the FET based on sDTS-1. The channel con-
ductance increases as Vg becomes more negative, implying that
the sDTS-1 film behaves as a p-channel semiconductor. The
field-effect hole mobility �FET estimated for the sDTS-1 film
was 1:4� 10�6 cm2 V�1 s�1. Although the mobility was still
low, this may be improved by optimization of the deposition
conditions that are known as important factors for the FET per-
formance. sDTS-1 is the first example of FET active oligothio-
phene derivatives having �-conjugated units shorter than quau-
terthiophene.10 Moreover, DTS-1 did not show any FET
activities, indicating that the spiro-condensation is responsible
for the FET properties of sDTS-1. Spiro-condensed compounds
with orthogonal chromophores have been extensively studied as
organic electronic materials.5 However, no FET properties of
these compounds have not yet been reported.

In conclusion, we prepared novel spiro-condensed dithieno-
siloles by a readily accessible process. The elevated melting
points by spiro-condensation seem to suggest the improved mor-
phological stability in films. In addition, the preparation and re-
actions of sDTS-Br may allow further transformation of the spi-
ro-compounds, leading to such as polymers and dendrimers. We
also demonstrated the potential utilities of these types of the
compounds as the FET materials, which may provide a new
strategy for the molecular designing.
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Figure 2. ORTEP drawing of sDTS-1. Thermal ellipsoids are
drawn at 50% probability level. Hydrogen atoms are omitted
for clarity.

Figure 3. id vs Vd curves at different gate biases for the OFET
device using a thin film of sDTS-1 as the active layer.
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