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A series of 2,6-bis(ethenylsilyl)-4,4-diphenyldithienosilole derivatives containing silylene-spacer were
prepared by platinum-catalyzed hydrosilylation reaction. All the hydrosilylation proceeded regio- and
stereoselectively to give solely b-(E)-adducts. The 2,6-bis(ethenylsilyl)-4,4-diphenyldithienosilole deriv-
atives exhibit intense fluorescence emission and high quantum yields. The shoulder band of 9 in the
emission spectrum was explained the intramolecular charge transfer from the electron-donating group
(dimethylaminostyryl group) to electron-accepting group (dithienosilole moiety). These optical data
are in good agreement with the results of theoretical calculations of model compounds at the level of
B3LYP/6-31G(d,p).

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Many papers concerning the transition metal-catalyzed hydro-
silylation of carbon–carbon unsaturated molecules, which is an
important process generating alkenylsilanes, have been published
to date [1]. The organic materials possessing alternative arrange-
ment of an organosilicon and p-electron system in their backbone
are of current interest, because they can be used as functionality
materials such as carrier transporting materials and emissive
materials [2]. It has recently been reported that introduction of sil-
ylene moiety into a p-electron system of some organic semicon-
ductors and hole transporting materials enhances luminescence
properties [3]. We have reported the synthesis of several r–p con-
jugated polymers containing organosilanylene and dithienosilole
(DTS) derivatives which could be used as both electron- and
hole-transporting layer for the electroluminescence (EL) devices
[4]. Furthermore, focus has also been directed towards the synthe-
sis of diverse materials containing DTS moiety for electrolumines-
cent device applications due to its low-lying LUMO level [5,6],
arising from the interaction between the silicon r* and butadiene
p* orbitals. Therefore, dithienosilole became our backbone of
choice. Introduction of a flexible spacer such as SiMe2 into the
well-defined chromophore of dithienosilole [3] or diphenylanthra-
cene [7] unit is current topic in luminescent materials. To our
All rights reserved.

: +82 53 950 6330.
knowledge, introduction of silylene-spacer into the monomeric
dithienosilole derivatives has not reported yet. We have designed
the synthesis of new alkenylsilanes with dithienosilole moiety by
adopting platinum-catalyzed hydrosilylation. Described herein
are the synthesis, optical, and electrochemical properties of novel
silylene-spaced dithienosilole derivatives (3–10) by hydrosilyla-
tion of 2,6-bis(dimethylsilyl)-4,4-diphenyldithienosilole (2) with
various terminal alkynes using platinum(0) catalyst.

2. Results and discussion

2.1. Synthesis and characterization

The schematic representation describing the route of synthesis
is illustrated in Scheme 1. When 2,6-dilithio-4,4-diphenyldithieno-
silole, which was prepared from 2,6-dibromo-4,4-diphenyldithie-
nosilole [5] (1) using N,N,N0,N0-tetramethylethylenediamine
(TMEDA) and n-butyllithium, was treated with chlorodimethylsi-
lane, a new organosilylene-dithienosilole derivative, 2,6-
bis(dimethylsilyl)-4,4-diphenyldithienosilole (BDMS-DTS, 2) was
afforded in 70% yield. When 1 equiv of the BDMS-DTS (2) was
subjected to the hydrosilylation reaction with 2 equiv of tert-butyl-
acetylene in the presence of ethylenebis(triphenylphosphine)-
platinum(0) (1 mol%) in hexane at 40 �C for 12 h, 2,6-bis{[(E)-2-
tert-butylethenyl]dimethylsilyl}-4,4-diphenyldithienosilole (3) was
formed in 89% yield after the purification over silica gel column
chromatography. Similarly, a series of 2,6-bis(ethenylsilyl)-4,
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Scheme 1.

Fig. 1. UV–Vis spectra of the hydrosilylated adducts (3–10) in THF with normalized
absorbance (the arrow in spectra indicates the order of number of the compounds).
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4-diphenyldithienosilole derivatives (4–10) was synthesized from
BDMS-DTS (2) by adopting the hydrosilylation reaction with vari-
ous terminal alkynes in place of tert-butylacetylene. The synthesis
of all the 2,6-bis(ethenylsilyl)-4,4-diphenyldithienosilole deriva-
tives (3–10) was achieved in hexane except 8, which was achieved
in THF due to the poor solubility of the terminal alkyne, triphenyl-
silylacetylene, in hexane. The yields of their corresponding 2,6-
bis(ethenylsilyl)-4,4-diphenyldithienosilole derivatives (4, 5, and
8) were unsatisfactory when a catalytic amount of ethylenebis(tri-
phenylphosphine)platinum(0) was employed. Therefore, the
hydrosilylation reactions of BDMS-DTS (2) with the terminal al-
kynes such as trimethyl-, triethyl-, and triphenylsilylacetylene
were carried out in the presence of platinum(0)-1,3-tetramethyl-
divinyldisiloxane complex Pt2(DVDS)3 known as Karstedt’s catalyst
(1 mol%). In all the cases, the temperature of reactions was main-
tained at 40 �C and the reactions were completed in 12–24 h as
evidenced by thin-layer chromatography.

As shown in Table 1, the hydrosilylated adducts (3–7) were ob-
tained in good yield, while the adducts 8–10 were moderate. The
structures of compounds (3–10) were identified through the cou-
pling constant (J) of 1H NMR characteristic signals of vinylic pro-
tons showed from 18.9 to 22.6 Hz. For the all products, the
hydrosilylation proceeds regio- and stereoselectively to give solely
b-(E)-products (3–10). Characteristic signals of the 1H NMR spec-
trum at 5.66 and 6.18 (doublet, J = 19.2 Hz, respectively) of 3, a
selection of the hydrosilylated adducts, clearly shows the forma-
tion of E-alkenylsilane with dithienosilole. The signals of two
methyl protons of the SiMe2 group adjacent to the DTS moiety
are affected slightly by the R substituents. The 29Si NMR spectrum
of 5 exhibits three single resonances at d �22.05, �15.78, and
�1.02 ppm, which are assigned to the silicon atoms of dithienosil-
Table 1
Hydrosilylation of terminal alkynes catalyzed by Pt(0) catalysts with 2 and NMR data of t

Compound Catalysta Yieldb (%) Mp (�C) NMRc (pp

29Si

3 A 88 126–127 �22.03, �
4 B 51 144–145 �21.93, �
5 B 50 94–96 �22.05, �
6 A 63 135–136 �22.05, �
7 A 63 126–128 �22.06, �
8 B 37 82–83 �22.11, �
9 A 38 156–157 �22.09, �
10 A 34 125–127 �22.69, �

a The kinds of catalysts: A, Pt(C2H4)(PPh3)2; B, Pt2(DVDS)3.
b Isolated yields.
c TMS reference in CDCl3.
ole, dimethylsilylene, and trimethylsilyl group, respectively. This
result implies that the adduct has the regular structure of dithieno-
silole and E-alkenylsilane units.

2.2. Optical and electrochemical properties of hydrosilylated adducts

The UV absorption and emission spectra of hydrosilylated ad-
ducts (3–10) were taken in THF solution and are shown in Figs. 1
and 2, respectively.

The kmax values of absorption and emission are listed in Table
2. As a whole, the absorption bands at 357 nm indicate that all
the electronic transitions are mostly p ? p*, originating from
the system of 4,4-diphenyldithienosilole. The absorption bands
are little affected by the R substituents on silicon atoms [8] which
are connected to the dithienosilole ring. However, the absorption
maximum of 9 is slightly red-shifted 5 nm as compared with
those of the other hydrosilylated adducts (3–8 and 10), which is
due to the electron-donating group such as dimethylamino group
at para-position of phenyl substituent. The emission bands of
hydrosilylated adducts (3–10) in THF solution appeared between
426 and 429 nm which were red-shifted about 6 nm as compared
with that of the reactant (2) (Table 2). The r–p interaction be-
tween the Si–C bonding orbital and p*-orbital of the conjugated
chromophore was very weak to be characterized in the hydrosily-
lated adducts. Accordingly, the dimethylsilylene moiety may be
considered essentially as an insulating spacer [7,9]. In comparison
he adducts (3–10)

m)

1H

Si(Me)2 HC@CH

14.42 0.38 5.66 (J = 19.2 Hz) 6.18 (J = 19.2 Hz)
15.62 �7.15 0.39 6.68 (J = 22.6 Hz) 6.76 (J = 22.1 Hz)
15.78 �1.02 0.39 6.68 (J = 20.6 Hz) 6.74 (J = 20.6 Hz)
13.86 0.47 6.56 (J = 18.9 Hz) 6.97 (J = 18.9 Hz)
13.92 0.48 6.52 (J = 19.1 Hz) 6.96 (J = 19.1 Hz)
17.16 �15.02 0.44 6.92 (J = 22.1 Hz) 7.26 (J = 22.1 Hz)
14.06 0.46 6.31 (J = 19.0 Hz) 6.91 (J = 19.0 Hz)
13.52 0.51 6.73 (J = 19.1 Hz) 6.96 (J = 19.1 Hz)



Fig. 2. Emission spectra of the hydrosilylated adducts (3–10) in THF with
normalized intensity (the arrow in spectra indicates the order of number of the
compounds).

Fig. 3. Fluorescence spectra of 9 (10�5 M, kex = 352 nm) in hexane (solid line),
toluene (dashed line), THF (dotted line), and CH3CN (dashed-dotted line).

Table 3
Quantum yieldsa of 9 in different solvents

Compound Hexane Toluene THF CH3CN

9 0.80 0.71 0.14 0.02

a Quantum yield was obtained using 9,10-diphenylanthracene as reference
(UF = 0.90).

Chart 1.
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with the emission spectra of the hydrosilylated adducts (3–8 and
10), the adduct 9 shows dual fluorescence with a shoulder band
(533 nm) in the low energy region. The emission spectra of 9 in
different solvents are shown in Fig. 3. The quantum yields of
the emission of 9 were solvent dependent (Table 3). It is interest-
ing to note that a charge transfer band was observed at around
533 nm when the measurement was taken in THF. These results
suggest that the energy transfer [9,14] might readily take place
in an efficient manner between the dimethylaminostyryl group
(electron donor) and the dithienosilole moiety (acceptor) in 9.
The optical band gap energy of 2–10 were calculated from absorp-
tion edge of the UV–Vis absorption spectra. In the case of com-
pound 9, the UV-absorption appeared at slightly lower energy
than those of the other hydrosilylated adducts leading to smaller
optical band gap. Recently, TMS-DTS (Chart 1) as dithienosilole
derivatives with low-lying LUMO levels has been reported to be
useful as electron-transporting material in EL devices [10].
The PL quantum yields (UF) of 2 and hydrosilylated adducts
(3–10) were observed numerically over 80% compared with
9,10-diphenylanthracene.

The cyclic voltammograms (CVs) of some of the hydrosilylated
adducts were measured in acetonitrile solution containing 0.1 M
Table 2
Optical and electrochemical properties of the hydrosilylated adducts (3–10)

Compound kmax (nm) (e)a UF
b E

Absorption Emission sol V

3 356 (12192) 426 0.86 –
4 357 (14278) 428 0.84 0
5 357 (12072) 426 0.82 –
6 357 (15368) 428 0.80 0
7 358 (26352) 428 0.81 –
8 357 (15786) 426 0.85 0
9 362 (7465) 429, 533(sh) 0.17 0
10 357 (20407) 424 0.40 –
Reactant (2) 354 (39075) 423 0.94 1
TMS-DTSg 356 (10220) 425 0.84 1

a Measured in 10�5 M THF solution, excited at the kmax of absorption.
b Determined at 298 K in THF against 9,10-diphenylanthracene in THF as the standar
c Peak potential measured on a 4 mM solution in acetonitrile containing 100 mM of LiCl
d In THF containing 100 mM of Bu4NClO4 using Pt–Pt as the working electrodes and A
e Absorption edge.
f Optical band gap taken from the absorption spectra.
g 2,6-Bis(trimethylsilyl)-4,4-diphenyldithieno[3,2-b:2’,3’-d]silole [Ref. [5]].
LiClO4. The adduct 9 was measured in THF containing Bu4NClO4.
Most of the compounds revealed that one oxidation peak appeared
at about 1.0 V vs. SCE. The first oxidation peaks of the hydrosilylat-
ed adducts (2,4, 6, 8 and 9) appear at slightly lower potentials than
that of TMS-DTS [5], indicating the slightly higher HOMOs of the
ox({Eonset}ox)c HOMO/LUMO (eV) kae
e (nm) Eg

f (eV)

vs. SCE

– 396 3.13
.98 (0.83) �5.23/�2.10 396 3.13

– 396 3.13
.99 (0.82) �5.22/�2.11 396 3.13

– 397 3.12
.93 (0.81) �5.21/�2.07 395 3.14
.59 (0.46)d �4.99/�1.94 407 3.05

– 397 3.13
.09 (0.82) �5.22/�2.11 396 3.13
.22 – 394 3.14

d (UF = 0.90).
O4 using GC and Pt plate as working and counter electrodes at a scan rate of 20 mV/s.
g+/Ag as the reference.
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hydrosilylated dithienosilole derivatives in accordance with the re-
sults of the calculated HOMO energy levels. Cyclic voltammetry
was employed to evaluate the ionization potential (i.e., hole-injec-
tion ability) [7b]. The lower oxidation potentials (i.e., higher HOMO
level) of the hydrosilylated adducts (2, 4, 6, 8 and 9) might be ex-
pected a better hole-injection ability than that of TMS-DTS. The ad-
duct 9 exhibited particularly the lower oxidation potential
indicating the higher HOMO level of 9, compared to that of the ad-
ducts (2, 4, 6 and 8). The HOMO energy levels of the adducts (2, 4,
6, 8 and 9) are calculated from the onset of oxidation potential
according to the equation, IP(ionization potential) =
{(Eonset)ox + 4.4}V [11], and the LUMO energy level was obtained
by the subtraction of optical band gap from the IP (Table 2).
Fig. 4. Relative HOMO and LUMO energy levels of model compounds 11 and 12
derived from MO calculations at the level of B3LYP/6-31G(d,p).

Fig. 5. (a) HOMO and (b) LUMO profiles for model com

Scheme 2.
2.3. Theoretical calculation on model compounds

We carried out theoretical calculations on the simplified model
compound 11 and 12 (Scheme 2) at the level of B3LYP/6-31G(d,p)
to learn more about the electronic structures.

The relative energy levels for model compounds are depicted in
Fig. 4. As can be seen in Fig. 4, the HOMO–LUMO energy gap of 12
was calculated to be smaller relative to that of 11. These results are
in good agreement with the optical data of the compounds, i.e.,
slightly red-shifted UV absorption maxima for DTS derivatives (9)
with dimethylaminostyryl group relative to that for the adduct
(6) with styryl group. The non-bonding electrons on the nitrogen
atom of auxochrome were involved in p-conjugation, partially. It
was noted that both the HOMO and LUMO energy levels of 12 were
increased by introduction of amino group on the both phenyl sub-
stituents. However, the HOMO of 12 was primarily affected by the
amino group, as compared with the LUMO of 12, leading to smaller
HOMO–LUMO energy gap for 12 than that of 11. Introduction of a
powerful electron-donating group would tend to lower the
HOMO–LUMO energy gap of 12. Fig. 5 depicts the HOMO and
LUMO profiles obtained from the calculations, showing the intra-
molecular charge-transfer transition [14] from highest occupied
molecular orbital (HOMO) delocalized over the aminostyryl and
DTS units through the SiMe2 spacer in amino-derivative (12) to
the lowest unoccupied molecular orbital (LUMO) mainly localized
on the DTS unit.

3. Conclusion

In summary, we have synthesized eight novel 2,6-bis(ethenylsi-
lyl)-4,4-diphenyldithienosilole derivatives (3–10) containing silyl-
ene-spacer via hydrosilylation in the presence of platinum catalyst.
All hydrosilylations proceeded regio- and stereoselectively to give
solely b-(E)-adducts (3–10). The UV–Vis absorption and emission
bands were not affected by the R substituents on silicon atoms,
which are connected to the dithienosilole ring. This phenomenon
was possibly due to the interruption of p-conjugation by the silyl-
ene moiety simply serve as an insulating spacer. However, the
emission spectra of the adduct 9 especially showed a band in the
punds 11 and 12, derived from MO calculations.
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low-energy region, which are due to the energy transfer might take
place in an efficient manner between the dimethylaminostyryl
group (electron donor) and the dithienosilole moiety (acceptor)
in 9. These optical data are in good agreement with the results of
theoretical calculations of the model compounds. The HOMO and
LUMO profiles of model compounds showed the orbital interaction
between the aminostyryl and DTS units through the SiMe2 spacer
in amino-derivative (12). The hydrosilylated adducts exhibited in-
tense fluorescence emission and high quantum yields.
4. Experimental

4.1. General procedure

All platinum-catalyzed hydrosilylation reactions were carried
out under an atmosphere of nitrogen. Yields of products 2–10 were
calculated on the basis of the isolated products. The progress of the
reaction was checked by TLC. 1H, 13C and 29Si NMR spectra were re-
corded on Bruker Avance 400 and Varian 500 spectrometers in
chloroform-d (CDCl3) at 298 K. Chemical shifts were given as d val-
ues referenced in parts per million (ppm) from tetramethylsilane
(TMS) as internal standard. Silicon chemical shifts are referenced
to the signal of TMS. Pure adducts 2–10 were separated by column
chromatography using silica gel. Mass spectra were measured on a
Shimadzu QP5000 instrument. UV–Vis absorption spectra were
measured on JASCO V-530 spectrometer. The fluorescence spectra
were obtained by a JASCO FP-6500 spectrofluorometer. The fluo-
rescence quantum yields (UF) were determined in argon-saturated
solutions at 298 K in chloroform against 9,10-diphenylanthracene
(Aldrich) in THF (UF = 0.90) as the standard. Elemental analysis
was measured on a FISONE, EA1106. Melting points were mea-
sured with a Laboratory Devices-MEL-TEMP II apparatus.

4.2. Materials

Tetrahydrofuran (THF) and diethylether used as solvents were
dried over sodium/benzophenone under a nitrogen atmosphere
and distilled before use. n-Butyllithium (2.5 M in n-hexane), chlo-
rodimethylsilane, N,N,N0,N0-tetramethylethylenediamine (TMEDA),
phenylacetylene, 4-ethynyltoluene, tert-butylacetylene, trimethyl-
silylacetylene, triethylsilylacetylene, 4-ethynyl-N,N-dimethyl-
aniline, 4-ethynylbenzonitrile, ethylenebis(triphenylphophine)-
platinum(0), bis(divinyltetramethyldisiloxane)platinum(0) were
obtained from Aldrich Chemical Co. and used without further puri-
fication. 2,6-Dibromo-4,4-diphenyldithienosilole (1) [5] and tri-
phenylsilylacetylene [12] were prepared according to procedures
reported in the literature.

4.3. Preparation of 2,6-bis(dimethylsilyl)-4,4-diphenyldithienosilole
(2)

To a solution of 2,6-dibromo-4,4-diphenyldithienosilole (1) [5]
(0.50 g, 0.99 mmol) in ether (30 mL) at �78 �C was added dropwise
TMEDA (0.60 mL, 3.9 mmol) and n-butyllithium (2.5 M solution in
hexane) (1.6 mL, 3.9 mmol). The mixture was stirred at �78 �C for
30 min, and warmed to room temperature. After the mixture was
stirred for 1 h, chlorodimethylsilane (0.40 mL, 3.9 mmol) was
added to the mixture at �78 �C. The resulting mixture was allowed
to warm to room temperature and was stirred for 12 h. The mix-
ture was hydrolyzed with water. The aqueous solution was ex-
tracted with ether and the organic layer was dried over MgSO4.
The solvent was evaporated by rotary evaporator. The resulting
mixture was purified by column chromatography (silica gel, hex-
ane) and reprecipitated from ethanol to give 2 (0.32 g, 0.69 mmol,
70% yield) as sparkling light yellow solids: m.p. 121–122; UV (kmax,
in THF) 354 nm (e = 39075 M�1 cm�1); emission (kmax, in THF)
423 nm; 1H NMR (400 MHz, in CDCl3) d 0.41 (d, 12H, SiMe2), 4.58
(sept, 2H, SiH), 7.34–7.48 (m, 8H, phenyl and thienylene protons),
7.62–7.65 (m, 4H, phenyl protons); 13C NMR (400 MHz, in CDCl3) d
�2.69, 128.15, 130.26, 131.92, 135.40, 137.70, 138.50, 142.12,
155.98; 29Si NMR (500 MHz, in CDCl3) d �23.58, �4.44; MS: m/z
462 (M+). Anal. Calc. for C24H26S2Si3: C, 62.28; H, 5.66. Found: C,
62.24; H, 5.85%.

4.4. Hydrosilylation of tert-butylacetylene with 2

To a mixture of ethylenebis(triphenylphophine)platinum(0)
(1.0 mol%), 2,6-bis(dimethylsilyl)-4,4-diphenyldithienosilole (2)
(0.50 g, 1.1 mmol) in 10 mL of hexane added tert-butylacetylene
(0.20 g, 2.2 mmol). After the resulting mixture was stirred at
40 �C for 12 h and then hydrolyzed with water. The aqueous solu-
tion was extracted with ether and the organic layer was dried over
MgSO4. The solvent was evaporated by rotary evaporator. The
resulting mixture was chromatographed on a silica gel column
with hexane as eluent to afford hydrosilylated adduct 3 (0.59 g,
0.97 mmol, 88% yield) as a white solids: m.p. 126–127 �C; UV (kmax,

in THF) 356 nm (e = 12192 M�1 cm�1); emission (kmax, in THF)
426 nm; 1H NMR (400 MHz, in CDCl3) d 0.38 (s, 12H, SiMe2), 1.02
(s, 18H, CMe3), 5.66 (d, 2H, J = 19.2 Hz, vinylic protons), 6.18 (d,
2H, J = 19.2 Hz, vinylic protons), 7.28 (s, 2H, bithienylene protons),
7.34–7.42 (m, 6H, phenyl protons), 7.63–7.66 (m, 4H, phenyl pro-
tons); 13C NMR (400 MHz, in CDCl3) d �1.05, 28.96, 35.23,
120.22, 128.06, 130.11, 132.35, 135.45, 136.95, 141.35, 141.64,
155.90, 159.92; 29Si NMR (500 MHz, in CDCl3) d �22.03, �14.42.
Anal. Calc. for C36H46S2Si3: C, 68.95; H, 7.39. Found: C, 68.74; H,
7.61%.

Compounds 4–10 were prepared as described for 3, by using
trimethylsilylacetylene, triethylsilylacetylene, phenylacetylene,
tolylacetylene, triphenylsilylacetylene, 4-ethynyl-N,N-dimethylan-
iline, or 4-ethynylbenzonitrile, respectively. The compounds 4, 5
and 8 were prepared by using bis(divinyltetramethyldisilox-
ane)platinum(0) instead of ethylenebis(triphenyl-phosphine)plati-
num(0). Data for 4: light ivory solids (yield 51%); m.p. 144–145 �C;
UV (kmax, in THF) 357 nm (e = 14278 M�1 cm�1); Emission (kmax, in
THF) 428 nm; 1H NMR (400 MHz, in CDCl3) d 0.08 (s, 18H, SiMe3),
0.39 (s, 12H, SiMe2), 6.68 (d, 2H, J = 22.6 Hz, vinylic protons), 6.76
(d, 2H, J = 22.1 Hz, vinylic protons), 7.29 (s, 2H, bithienylene pro-
tons), 7.32–7.46 (m, 6H, phenyl protons), 7.63–7.66 (m, 4H, phenyl
protons); 13C NMR (400 MHz, in CDCl3) d �1.92, �0.39, 128.11,
132.04, 135.42, 135.77, 137.19, 140.42, 141.79, 147.43, 153.48,
156.00; 29Si NMR (500 MHz, in CDCl3) d �21.93, �15.62, �7.15.
Anal. Calc. for C34H46S2Si5: C, 61.94; H, 7.03. Found: C, 61.80; H,
7.06%. Data for 5: white solids (yield 50%); m.p. 94–96 �C. UV (kmax,

in THF) 357 nm (e = 12072 M�1 cm�1); emission (kmax, in THF)
426 nm; 1H NMR (400 MHz, in CDCl3) d 0.39 (s, 12H, SiMe2), 0.59
(q, 12H, J = 8.04, 15.82 Hz, SiCH2CH3), 0.94 (t, 18H, J = 8.04 Hz,
CH3CH2Si), 6.68 (d, 2H, J = 20.6 Hz, vinylic protons), 6.74 (d, 2H,
J = 20.6 Hz, vinylic protons), 7.30 (s, 2H, bithienylene protons),
7.33–7.41 (m, 6H, phenyl protons), 7.62–7.65 (m, 4H, phenyl pro-
tons); 13C NMR (400 MHz, in CDCl3) d �1.59, 3.12, 7.37, 128.09,
130.15, 132.30, 135.43, 137.21, 140.53, 141.74, 149.34, 149.99,
155.98; 29Si NMR (500 MHz, in CDCl3) d �22.05, �15.78, �1.02.
Anal. Calc. for C40H58S2Si5: C, 64.62; H, 7.86. Found: C, 64.43; H,
8.27%. Data for 6: yellow solids (yield 63%): m.p. 135–136 �C; UV
(kmax, in THF) 357 nm (e = 15368 M�1 cm�1); emission (kmax, in
THF) 428 nm; 1H NMR (300 MHz, in CDCl3) d 0.47 (s, 12H, SiMe2),
6.56 (d, 2H, J = 18.9 Hz, vinylic protons), 6.97 (d, 2H, J = 18.9 Hz,
vinylic protons), 7.26–7.45 (m, 18H, phenyl and thienylene pro-
tons), 7.59–7.64 (m, 4H, phenyl protons); 13C NMR (400 MHz, in
CDCl3) d �1.21, 126.53, 126.62, 128.13, 128.33, 128.55, 130.21,
132.11, 135.49, 137.38, 137.95, 140.31, 142.01, 145.60, 156.05;
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29Si NMR (500 MHz, in CDCl3): d �22.05, �13.86; MS: m/z 666
(M+). Anal. Calc. for C40H38S2Si3: C, 72.02; H, 5.74. Found: C,
71.67; H, 5.88%. Data for 7: white solids (yield 63%): m.p. 126–
128 �C; UV (kmax, in THF) 358 nm (e = 26352 M�1 cm�1); emission
(kmax, in THF) 428 nm; 1H NMR (400 MHz, in CDCl3) d 0.48 (s,
12H, SiMe2), 2.31 (s, 6H, methyl protons), 6.52 (d, 2H, J = 19.1 Hz,
vinylic protons), 6.96 (d, 2H, J = 19.1 Hz, vinylic protons), 7.14 (d,
4H, J = 8 Hz, phenylene protons), 7.34–7.43 (m, 12H, phenyl, phe-
nylene and thienylene protons), 7.62–7.65 (m, 4H, phenyl pro-
tons); 13C NMR (400 MHz, in CDCl3) d �1.17, 21.26, 125.13,
126.54, 128.12, 129.25, 130.18, 132.17, 135.30, 135.49, 137.32,
138.26, 140.49, 141.95, 145.51, 156.03; 29Si NMR (500 MHz, in
CDCl3) d �22.06, �13.92; MS: m/z 694 (M+). Anal. Calc. for
C42H42S2Si3: C, 72.56; H, 6.09. Found: C, 72.64; H, 6.21%. Data for
8: white solids (yield 37%): m.p. 82–83 �C; UV (kmax, in THF)
357 nm (e = 15786 M�1 cm�1); emission (kmax, in THF) 426 nm;
1H NMR (400 MHz, in CDCl3) d 0.44 (s, 12H, SiMe2), 6.92 (d, 2H,
J = 22.1 Hz, vinylic protons), 7.26 (d, 2H, J = 22.1 Hz, vinylic pro-
tons), 7.30 (s, 2H, bithienylene protons), 7.32–7.44 (m, 24H, phenyl
protons), 7.50 (dd, 12H, J = 1.52, 7.50 Hz, phenyl protons), 7.61–
7.67 (m, 4H, phenyl protons); 13C NMR (400 MHz, in CDCl3) d
�1.67, 127.87, 128.02, 128.12, 129.54, 130.08, 134.12, 135.42,
135.49, 136.00, 137.39, 139.92, 141.92, 146.27, 154.31; 29Si NMR
(500 MHz, in CDCl3) d �22.11, �17.16, �15.02. Anal. Calc. for
C64H58S2Si5: C, 74.51; H, 5.67. Found: C, 74.80; H, 5.94%.

Compound 9 was prepared using the same procedure as that de-
scribed for 3 except 4-ethynyl-N,N-dimethylaniline was used in-
stead of tert-butylacetylene for 24 h. Pure 9 was isolated by
chromatography (eluent: hexane/THF = 10/1) in 38% yield (white
solids). Data for 9: m.p. 156–157 �C. UV (kmax, in THF) 362 nm
(e = 7465 M�1 cm�1); emission (kmax, in THF) 429 and 533 (sh) nm;
1H NMR (400 MHz, in CDCl3) d 0.46 (s, 12H, SiMe2), 2.95 (s, 12H,
N(CH3)2), 6.31 (d, 2H, J = 19.0 Hz, vinylic protons), 6.66 (d, 4H,
J = 9.0 Hz, phenylene protons), 6.91 (d, 2H, J = 19.0 Hz, vinylic pro-
tons), 7.33–7.40 (m, 12H, phenyl, phenylene and thienylene pro-
tons), 7.64 (m, 4H, phenyl protons); 13C NMR (400 MHz, in CDCl3) d
1.00, 40.53, 109.38, 112.38, 127.12, 128.18, 130.21, 130.32, 131.76,
135.40, 136.57, 137.28, 141.03, 142.42, 150.23, 155.85; 29Si NMR
(500 MHz, in CDCl3) d�22.09,�14.06. Anal. Calc. for C44H48N2S2Si3:
C, 70.15; H, 6.42; N, 3.72. Found: C, 69.78; H, 6.63; N, 3.83%.

Compound 10 was isolated by chromatography (eluent: hex-
ane/THF = 15/1) in 34% yield (light yellow solids). Data for 10:
m.p. 125–127 �C; UV (kmax, in THF) 357 nm (e = 20407 M�1 cm�1);
emission (kmax, in THF) 424 nm; 1H NMR (400 MHz, in CDCl3) d
0.51 (s, 12H, SiMe2), 6.73 (d, 2H, J = 19.1 Hz, vinylic protons),
6.96 (d, 2H, J = 19.1 Hz, vinylic protons), 7.35–7.38 (m, 8H, phenyl
and thienylene protons), 7.51 (d, 4H, J = 8.04 Hz, phenylene pro-
tons), 7.60–7.64 (m, 8H, phenyl and phenylene protons); 13C
NMR (400 MHz, in CDCl3) d �1.47, 111.44, 118.89, 127.07,
127.69, 128.18, 130.36, 131.87, 132.42, 135.46, 137.61, 139.38,
142.04, 142.30, 143.50, 156.10; 29Si NMR (500 MHz, in CDCl3) d
�22.69, �13.52. Anal. Calc. for C42H36N2S2Si3: C, 70.34; H, 5.06.
Found: C, 70.61; H, 5.43%.

4.5. CV measurements

CV measurements were carried out using a three-electrode
system in an acetonitrile solution containing 100 mM of LiClO4

as the supporting electrolyte and 4 mM of the substrate. Glassy
carbon and Pt plate were used as the working and Pt wire counter
electrodes, and SCE was used as the reference electrode. In case of
9, CV was measured in THF solution containing 100 mM of Bu4N-
ClO4 using Pt–Pt as the working electrodes and Ag+/Ag as the ref-
erence. The current–voltage curve was recorded at room
temperature on a Hokuto Denko HAB-151 potentiostat/
galvanostat.
4.6. Molecular orbital caculations on 11 and 12

The density functional theory (DFT) calculations were carried
out using the GAUSSIAN 03 program package [13]. The Becke-three-
parameter-Lee–Yang–Parr hybrid functional was employed with
the 6-31G(d,p) basis set. Simplified models are used, in which all
substituents on the silicon and nitrogen atoms are replaced by
hydrogen atoms.
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