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Scheme 1. Structural motifs of silafluorene-based materials.
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Introduction

Extensive research has been made on the preparation of p-
conjugated molecules as advanced materials for electronic
and photonic applications.[1] Since chemical and physical
properties of such conjugated compounds are closely related
to their electronic structures, it is indispensable to control
the effective conjugation length of the p-electron system for
attaining the desired properties.[2] The use of silylene bridges
between p-conjugated modules such as phenylene, vinylene,
and thienylene is one of the effective strategies for the ex-
tension of conjugated systems, because the bridge induces
not only coplanarity but also a lowering of the LUMO of
the parent conjugated system consisting of the modules due
to s*–p* conjugation between the p* orbitals of the parent
framework and s* orbitals of two exocyclic carbon–silicon
s bonds.[3] Representative examples include silylene-bridged
butadienes (siloles),[4] 2,2’-bithiophenes,[5] and oligo(p-phe-
nylenevinylene)s.[6] Recently, 9-silafluorene, which can be re-
garded as a silylene-bridged biphenyl, has emerged as a new
module of functional organic materials such as light-emitting
and conducting materials.[7] The structural modifications re-
ported so far are classified into three categories, as illustrat-
ed in Scheme 1: spirosilabifluorene (a) and oligomer/(co)po-

lymer connecting at the 2,7- (b) or 3,6-positions (c), whereas
there is, to our knowledge, no example of elaboration at the
4,5-positions (d) except for 4,5-sulfur-bridged silafluorenes.[8]

To explore the potential of a silafluorene framework as a
conjugated module for functional organic materials,[9] we
became interested in an additional silicon bridge at the 4,5-
positions, which should impart greater rigidity, strain, and/or
some torsion to the framework together with the electronic
silicon effect. Reported herein are the preparation, struc-
ture, photophysical properties, and DFT calculations of 4,5-
silylene- and 4,5-disilylene-bridged silafluorenes 1 and 2
(Figure 1). The additional silicon bridges are found to
induce large Stokes shifts, and 1 and 2 exhibit violet and
blue emission, respectively, upon irradiation with UV light.

Results and Discussion

Preparation of Silicon-Bridged Silafluorenes 1 and 2

At the outset, stepwise preparation of 1a was examined.
Bromine–lithium exchange of 2,2’,6,6’-tetrabromobiphenyl

Abstract: The preparation of 4,5-dime-
thylsilylene- or 4,5-tetramethyldisily-
lene-bridged 9-silafluorenes was ach-
ieved by lithiation of 2,2’,6,6’-tetrabro-
mobiphenyls followed by silylation
with dichlorodimethylsilane or 1,2-di-
chloro-1,1,2,2-tetramethyldisilane, re-
spectively. X-ray analysis of the sily-
lene-bridged silafluorene revealed that
the molecular framework was perfectly
planar and four Si�C ACHTUNGTRENNUNG(methyl) s bonds
were completely orthogonal to the

plane. Both the silicon atoms and the
benzene rings were significantly de-
formed from the normal tetrahedral
and hexagon shapes, respectively. The
silicon bridge at the 4,5-positions was
found to induce a red shift of the ab-
sorption and fluorescence spectra mea-
sured in cyclohexane, compared with 9-

silafluorenes. It is remarkable that the
disilylene-bridged silafluorene emitted
blue light (lem=450 nm) with a large
Stokes shift. The emission maxima of
the silicon-bridged silafluorenes in thin
films were similar to those measured in
cyclohexane solution. DFT calculations
suggested that introduction of the sili-
con bridge led to increases in both the
HOMO and LUMO levels compared
with 9-silafluorene.
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(3) with two equivalents of BuLi in THF followed by silyla-
tion with Cl2SiMe2 gave 4,5-dibromosilafluorene 4 in 72%
yield (Scheme 2).[10] Subsequent treatment of 4 with BuLi,

tert-BuLi, or Mg under various conditions followed by the
addition of Cl2SiMe2 resulted in the production of 9,9-di-
methyl-9-silafluorene (5a), the reduced form of 4, as a
major product along with a trace amount of 1a. Then, 3 was
first converted into bis(trimethylsilyl)biphenyl 6 in 93%
yield by dilithiation and silylation with ClSiMe3. Double cyc-
lization of the di-Grignard reagent generated from 6 with
Mg metal afforded the desired 1a in 22% yield.[11] Lithia-
tion of 6 with tBuLi resulted in the production of a complex
mixture. Alternatively, we found that 1a was produced di-
rectly in 13% yield together with 5a when a mixture of 3
and Cl2SiMe2 was treated with a pentane solution of tBuLi

at �78 8C and then the mixture was allowed to warm to
room temperature.
The one-pot protocol, when applied to 4,4’-dichlorobi-

phenyl (7), produced silylene-bridged silafluorene 1c and si-
lafluorene 5c in 15% and 34% yields, respectively
(Scheme 3). Nickel-catalyzed cross-coupling reaction of 1c

or 5c with phenylmagnesium bromide proceeded at room
temperature to give 2,7-diphenylated silafluorene 1b or 5b
as a colorless solid, respectively.[12] The silicon bridge re-
mained intact under the coupling conditions.
Disilylene-bridged silafluorenes 2 were prepared either by

a stepwise or a one-pot procedure (Scheme 4). Thus, after 3
was converted into 8 by dilithiation with BuLi followed by
silylation with (ClSiMe2)2, repeating the lithiation–silylation
sequence with Cl2SiMe2 gave disilylene-bridged biphenyl 2a
in 78% yield. Meanwhile, when a mixture of 3 and
(ClSiMe2)2 was treated with tBuLi in pentane, 2a was pro-
duced as a major product in 43% yield together with bis(di-
silylene)-bridged biphenyl 9.[13]

Preparation of 2b was effected in a manner similar to the
preparation of 1b (Scheme 5). Biphenyl 7 was transformed
into 2,7-dichloro-4,5-disilylene-bridged biphenyl 2c in 36%
yield by a one-pot procedure. Phenylmagnesium bromide
was coupled with 2c in the presence of a [Ni ACHTUNGTRENNUNG(acac)2]/N-het-
erocyclic carbene catalyst to give 2b as a colorless solid.
Single crystals of 1a suitable for X-ray diffraction analysis

were obtained by recrystallization from hexane.[14,15] The
molecular framework consisting of the biphenyl moiety and
the two dimethylsilylene bridges is perfectly planar, and
four Si�CMe s bonds are completely perpendicular to the
planes: an ideal conformation for s*–p* conjugation
(Figure 2). The geometry of the silicon atoms is significantly
deformed from a normal tetrahedral shape like that report-

Abstract in Japanese:

Figure 1. Silicon-bridged silafluorenes 1 and 2.

Scheme 2. Preparation of silylene-bridged silafluorene 1a.

Scheme 3. Preparation of silylene-bridged silafluorene 1b and silafluor-
ene 5b (NHC: 1,3-bis(2,6-di-isopropylphenyl)imidazolium chloride).
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ed for silafluorenes.[7p] For example, the C2-Si1-C8 bond
angle is expanded to 113.75(8)8, while the C2-Si1-C4 angle
is extremely narrowed to 92.76(6)8, which is much smaller
than the standard value (109.58) of an sp3-hybridized silicon
atom. The bond lengths between the bridge silicon and aro-
matic carbon atoms are 1.8820(15) and 1.8881(15) K, slightly

longer than the normal Si�C bond length (1.87 K) or that of
previously reported silafluorenes. It should be noted that
the inner angles of the benzene rings are also largely deviat-
ed from the normal angle (1208). Thus, ]C2-C1-C4a is
126.00(12)8, while ]C1-C2-C3 and ] C1-C4a-C6a are
116.21(12)8 and 115.48(13)8, respectively. As such large de-
formation has not been observed in previously reported sila-
fluorenes,[7p] the deviation is presumably ascribed to the
double bridge of the dimethylsilylene groups at the biphenyl
moiety.
Photophysical properties of 1a, 1b, 2a, and 2b are sum-

marized in Table 1, along with those of 5a and 5b for com-
parison. UV spectra measured in cyclohexane are shown in

Figure 3. For 1a, 2a, and 5a, as well as 1b, 2b, and 5b, re-
spectively, the absorption spectra are similar in shape while
the dimethylsilylene and tetramethyldisilylene bridges were
found to induce a red shift of the spectra, indicating that the
silicon atom introduced at the 4,5-positions of 9-silafluor-
enes could influence the electronic structures and extend
the conjugation system owing to s–p (s*–p*) conjugation
(for molecular-orbital calculations, see below).
Normalized fluorescence spectra of 1a, 1b, 2a, 2b, 5a,

and 5b, measured in cyclohexane upon excitation at 265 nm,
are shown in Figure 4. Emission maxima are red shifted in
the order of 5<1<2, which corresponds to a bathochromic
shift of the absorption spectra shown in Figure 3. Notewor-
thy is that disilylene-bridged silafluorenes 2a and 2b exhibit
extremely large Stokes shifts (Table 1), which suggests sig-
nificant structural differences between the ground and excit-
ed states. Considering that blue emission is achieved with
oligomers/polymers when fluorenes and silafluorenes are
employed as the components,[7,16] it is remarkable that 2a
itself emits blue light (lmax=450 nm) as a single component
(Figure 5), although the fluorescent quantum yields are
low.[17] Changing the solvent from cyclohexane to chloro-
form or acetonitrile resulted in a bathochromic shift of the

Scheme 4. Preparation of disilylene-bridged silafluorene 2a.

Figure 2. Molecular structure of 1a ; right: side view. For clarity, hydrogen
atoms are omitted. Selected bond lengths [K] and angles [8]: Si1-C7
1.859(2), Si1-C8 1.8591(17), Si1-C2 1.8820(15), Si1-C4 1.8881(15), C1-C2
1.3956(18), C1-C4a 1.3957(18), C1-C1a 1.462(2), C4-C1a 1.3957(18); C7-
Si1-C8 110.94(10), C7-Si1-C2 112.29(8), C8-Si1-C2 113.75(8), C7-Si1-C4
112.74(8), C8-Si1-C4 113.30(8), C2-Si1-C4 92.76(6), C2-C1-C4a
126.00(12), C2-C1-C1a 117.16(14), C4a-C1-C1a 116.85(14), C1-C2-C3
116.21(12), C1-C2-Si1 106.59(9), C3-C2-Si1 137.19(11), C6-C4-C1a
115.48(13), C6-C4-Si1 137.88(11), C1a-C4-Si1 106.58(9).

Table 1. Photophysical properties of 1a, 1b, 2a, 2b, 5a, and 5b in cyclo-
hexane.[a]

Compd Absorption Emission
lmax [nm] e [m�1 cm�1] lmax [nm]

[b] FF
[c]

1a 207
285

43570
12070

361 0.08

2a 223
289

46670
10680

450 0.05

5a 210
277

39680
12940

338 0.16

1b 230
324

48880
38860

397 0.26

2b 233
327

45980
31550

418 0.33

5b 221
316

50660
43400

379 0.72

[a] Measured at 1M10�5m in cyclohexane. [b] Irradiation was effected
with UV light (l=265 nm). [c] Calculated using terphenyl (FF=0.87) as
a standard.

Scheme 5. Preparation of disilylene-bridged silafluorene 2b (NHC: 1,3-
bis(2,6-di-isopropylphenyl)imidazolium chloride).
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emission maximum of 2a (465 nm in each case), suggesting
solvent stabilization of the charge-transfer excited states.
Solid silafluorenes 1, 2, and 5 also emitted fluorescence

upon irradiation of UV light. Fluorescence spectra of the
thin films prepared by spin coating of their dichloromethane
solutions on a quartz plate are shown in Figure 6, and their
emission maxima and quantum yields are listed in Table 2.
The emission maxima are almost identical or slightly red
shifted to those measured in cyclohexane solution, suggest-
ing that intermolecular interaction of these compounds in
the solid state is weak.
Molecular-orbital calculations of 1a, 1b, 2a, 2b, 5a, and

5b were carried out by DFT methods at the B3LYP/6-

31G*//B3LYP/6-31G* level. The optimized structure of 1a is
the same as observed in the X-ray analysis; the biphenyl
moiety is completely flat and the inner angles wedged be-
tween the silicon-substituted aromatic carbon atoms in the
benzene rings are greatly expanded (125.58). On the other
hand, as shown in Figure 6, the biphenyl moiety of 2a is
slightly twisted with a dihedral angle C3-C4-C6-C7 of 10.78,
while the inner C3-C4-C5 angle is 118.9668, which is compa-
rable to the standard angle (1208) of a benzene ring. The
Si1�Si2 bond length (2.318 K) in 2a is shorter than the
normal value (2.35 K). Noteworthy is that the methyl
groups (C1 and C2) on Si1 and Si2 are oriented almost anti-
periplanar to each other and perpendicular to the silafluor-
ene plane (Figure 7, side view), which looks ideal for s*–p*

Figure 3. UV spectra of 1a, 1b, 2a, 2b, 5a, and 5b.

Figure 4. Normalized fluorescence spectra of 1a, 1b, 2a, 2b, 5a, and 5b
in cyclohexane. Signals at 530 nm were harmonic overtones of the excita-
tion light (265 nm).

Figure 5. Photographs of 1b, 2a, and 2b under UV light (l=254 nm):
a) 1M10�5m in cyclohexane; b) thin film spin coated on a quartz plate.

Figure 6. Normalized fluorescence spectra of 1a, 1b, 2a, 2b, 5a, and 5b.

Table 2. Fluorescence properties of 1a, 1b, 2a, 2b, 5a, and 5b in a spin-
coated thin film.

Compd lex [nm]
[a] lem [nm]

[b] FF
[c]

1a 300 361 0.11
2a 325 450 0.12
5a 300 338 0.16
1b 325 397 0.17
2b 290 418 0.46
5b 325 379 0.65

[a] Excitation wavelength. [b] Wavelength of emission maxima. [c] Abso-
lute quantum yield determined by a calibrated integrating sphere system.

Figure 7. Optimized structure of 2a by DFT calculations. Selected bond
lengths [K] and angles [8]: Si1-Si2 2.318, Si1-C1 1.902, Si2-C2 1.903, Si1-
C3 1.900, Si2-C7 1.899, C3-C4 1.421, C4-C5 1.425, C4-C6 1.518, C6-C7
1.421; C3-Si1-Si2 101.477, C3-Si1-C1 108.960, C7-Si2-C2 108.978, Si1-Si2-
C7 101.522, Si1-C3-C4125.562, C3-C4-C5 118.966, C3-C4-C6 127.333, C5-
C4-C6 113.678.
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conjugation. Probably owing to such arrangements of the
methyl groups, the silicon atoms are largely deformed from
a normal tetrahedral shape; for example, the C3-Si1-Si2
bond angle is narrowed to 101.58. Calculated orbital ener-
gies are summarized in Table 3. Compared with 5a, the ad-

ditional silylene bridge raised both the HOMO and LUMO
levels of 1a. Unexpected elevation of the LUMO level may
be ascribed to the deformation of the benzene rings. On the
other hand, incorporation of the disilylene bridge into 5a
elevated the energy level of the HOMO located on the bi-
phenyl system and the Si�Si s bond, and expectedly lowered
the LUMO level that was delocalized on the biphenyl
system and the silicon atoms but not extended to the Si�Si
s bond (Figure 8). The decrease of the HOMO–LUMO

gaps in the order of 5a>1a>2a>5b>1b>2b is consistent
with a bathochromic shift of the absorption edges shown in
Figure 3. Meanwhile, time-dependent DFT (TDDFT) calcu-
lations of 2a indicate that the first transition consists of a
HOMO–LUMO transition as a major contribution. Hence,
the large Stokes shift and the solvent effect on emission
maximum of 2a may be ascribed to intramolecular charge
transfer from the disilylene to the silylene moieties. In addi-
tion, we carried out DFT calculations on the triplet state of
2a as a model of the excited state of 2a. The triplet-state
energy was found to be 0.09676 hartree (471 nm), which
does not contradict the fluorescence emission maximum
(450 nm).

Conclusions

In summary, we have demonstrated that a silicon bridge at
the 4,5-positions of silafluorenes with a silylene or disilylene
moiety is effective for extension of the conjugated system
with the aid of s*–p* conjugation and some degree of steric
constraint. In particular, the disilylene-bridged silafluorenes
exhibit large Stokes shifts to result in blue emission as a
single component in both solution and thin film. These re-
sults imply that silicon-bridged silafluorenes can serve as a
new class of conjugated modules. Furthermore, this research
confirms the validity of molecular design involving a double
silicon bridge[18] between conventional p-conjugated mod-
ules as a method for tuning electronic structures of the
parent systems.

Experimental Section

General

Melting points were determined using a YANAKO MP-500D and not
corrected. 1H NMR spectra were measured on JEOL EX270 (270 MHz),
JMN ECP-500 (500 MHz), Varian Mercury 200 (200 MHz), 300
(300 MHz), and 400 (400 MHz) spectrometers. The chemical shifts of
1H NMR are expressed in parts per million downfield referenced to inter-
nal tetramethylsilane (d=0 ppm), chloroform (d=7.26 ppm), or benzene
(d=7.16 ppm). Splitting patterns are indicated as s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet. 13C NMR spectra were measured on
JEOL EX270 (68 MHz), JMN ECP-500 (125 MHz), Varian Mercury 200
(50 MHz), 300 (75 MHz), and 400 (100 MHz) spectrometers with tetra-
methylsilane as an internal standard (d=0 ppm), [D]chloroform (d=

77.0 ppm), or [D6]benzene (d=128.4 ppm). 29Si NMR spectra were mea-
sured on a JEOL EX270 (54 MHz), JMN ECP-500 (99 MHz), and Varian
Mercury 400 (80 MHz) spectrometers with tetramethylsilane as an inter-
nal standard (d =0 ppm). UV spectra were recorded with a Shimadzu
UV-2100PC spectrometer. Spin-coated thin films of silafluorenes on a
quartz plate were prepared from dichloromethane solutions with a
MIKASA SPINCOATER MS-A100. Fluorescence spectra of cyclohex-
ane solutions were measured with a Shimadzu RF-5300PC spectrometer.
Fluorescence spectra of thin films were measured with a Hamamatsu
Photonics C9920–02, and absolute quantum yields were determined by a
calibrated integrating sphere system. IR spectra were recorded on a Shi-
madzu FTIR-8400 spectrometer. GC–MS analyses were performed with
a JEOL JMS-700 by electron ionization at 70 eV. FAB-MS analyses were
performed with a JEOL JMS-HX110 A spectrometer with a 3-nitroben-
zyl alcohol or thioglycerol matrix. Elemental analyses were carried out
with a YANAKO MT2 CHN CORDER machine at the Elemental Anal-
ysis Center of Kyoto University. TLC analyses were performed with
Merck Kieselgel 60 F254 and column chromatography was carried out
using Wakogel C-200 or Merck Kieselgel 60 (230–400 mesh). Preparative
recycling gel permeation chromatography (GPC) was performed with a
JAI LC-908 chromatograph equipped with JAIGEL-1H and -2H columns
(chloroform as an eluent). Preparative recycling high-performance liquid
chromatography (HPLC) was performed with a JAI LC-908 chromato-
graph equipped with 5SL-II columns (hexane and ethyl acetate as an
eluent). All manipulations of oxygen- and moisture-sensitive materials
were carried out under argon.

Synthesis

4 : To a solution of 2,2’,6,6’-tetrabromobiphenyl (3, 0.82 g, 1.75 mmol) in
THF (25 mL) was added BuLi (1.60m in hexane, 2.4 mL, 3.8 mmol) at
�78 8C over a period of 15 min. The reaction mixture was stirred for 4 h
before addition of dichlorodimethylsilane (0.46 mL, 3.8 mmol) at �78 8C
over a period of 10 min. The reaction mixture was allowed to warm to
room temperature. To the solution was added sat. NaHCO3 aq. solution

Table 3. HOMO and LUMO energies of 1a, 1b, 2a, 2b, 5a, and 5b.[a]

Compd LUMO [eV] HOMO [eV] HOMO–LUMO gap [eV]

1a �0.80 �5.62 4.82
2a �0.98 �5.68 4.70
5a �0.92 �5.78 4.86
1b �1.19 �5.34 4.14
2b �1.33 �5.43 4.10
5b �1.30 �5.45 4.15

[a] Calculated at the B3LYP/6-31G*//B3LYP/6-31G* level.

Figure 8. Molecular-orbital drawings of the HOMOs and LUMOs of 1a,
2a, and 5a calculated by DFT at the B3LYP/6-31G*//B3LYP/6-31G*
level.

Chem. Asian J. 2008, 3, 1238 – 1247 � 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemasianj.org 1243

Silicon-Bridge Effects on Photophysical Properties of Silafluorenes



(20 mL). The aqueous layer was extracted with dichloromethane
(20 mLM2). The combined organic layer was dried over anhydrous mag-
nesium sulfate and concentrated in vacuo. The crude product was puri-
fied by column chromatography on silica gel (hexane/diethyl ether 10:1)
to give 4 (0.46 g, 72% yield) as a colorless solid. M.p. 107.8–108.8 8C.
Rf 0.58 (hexane/diethyl ether 10:1).

1H NMR (400 MHz, CDCl3): d=0.39
(s, 6H), 7.18 (dd, J=7.9, 6.9 Hz, 2H), 7.55 (dd, J=6.9, 1.2 Hz, 2H),
7.65 ppm (dd, J=7.9, 1.2 Hz, 2H); 13C NMR (68 MHz, CDCl3): d=�2.5,
120.3, 128.8, 130.6, 135.9, 144.6, 147.8 ppm; 29Si NMR (54 MHz, CDCl3):
d=�19.6 ppm; IR (KBr): ñ=3036, 2957, 2899, 1437, 1379, 1244, 1213,
1076, 991, 851, 806, 768, 741, 714, 658, 642 cm�1; EI-MS (70 eV): m/z : 370
([M]+ +4, 39), 368 ([M]+ +2, 75), 366 ([M]+ , 38), 355 (52), 353 (100),
351 (51), 289 (29), 287 (28), 274 (18), 272 (19), 207 (18), 193 (14), 191
(14), 165 (25). HRMS (EI) calcd for C14H12Br2Si: [M]

+ , 365.9075; found:
365.9085. Elemental analysis (%) calcd for C14H12Br2Si: C 45.68, H 3.29;
found: C 45.44, H 3.35.

6 : To a solution of 3 (0.152 g, 0.32 mmol) in THF (4.6 mL) was added
BuLi (1.55m in hexane, 1.10 mL, 1.70 mmol) at �78 8C over a period of
20 min. The reaction mixture was stirred for 1.5 h before addition of
chlorotrimethylsilane (0.30 mL, 2.4 mmol) at �78 8C over a period of
15 min. The resulting mixture was allowed to warm to room temperature
and then quenched with sat. NaHCO3 aq. solution (10 mL). The aqueous
layer was extracted with diethyl ether (15 mLM2). The combined organic
layer was dried over anhydrous magnesium sulfate and concentrated in
vacuo. The crude product was purified by column chromatography on
silica gel (hexane/diethyl ether 10:1), giving rise to 6 (0.138 g, 93% yield)
as colorless prisms. M.p. 79.4–80.4 8C. Rf 0.79 (hexane/ethyl acetate 10:1).
1H NMR (400 MHz, CDCl3): d =�0.03 (s, 18H), 7.25 (dd, J=7.9, 7.5 Hz,
2H), 7.57 (dd, J=7.5, 1.2 Hz, 2H), 7.64 ppm (dd, J=7.9, 1.2 Hz, 2H);
13C NMR (100 MHz, CDCl3): d=0.4, 125.7, 128.6, 132.7, 133.6, 142.8,
147.2 ppm; 29Si NMR (80 MHz, CDCl3): d =�2.5 ppm; IR (KBr): ñ=

3047, 2957, 2897, 1558, 1541, 1387, 1263, 1250, 1144, 1113, 1080, 1067,
851, 841, 777, 766, 748 cm�1; EI-MS (70 eV): m/z : 458 ([M]+ +4, 4), 456
([M]+ +2, 6), 454 ([M]+ , 3), 443 (31), 441 (55), 439 (25), 355 (7), 353
(12), 351 (7), 289 (100), 287 (94). HRMS (EI) calcd for C18H24Br2Si2:
[M]+ , 453.9783; found: 453.9771. Elemental analysis (%) calcd for
C18H24Br2Si2: C 47.37, H 5.30; found: C 47.34, H 5.26.

1a : A solution of 6 (61 mg, 0.13 mmol), magnesium turnings (14 mg,
0.57 mmol), and copper cyanide (2.4 mg, 0.03 mmol) in THF (1.4 mL)
was vigorously stirred at 85 8C for 24 h before quenching with sat.
NaHCO3 aq. solution (10 mL). The aqueous layer was extracted with di-
chloromethane (50 mLM1 and 20 mLM2). The combined organic layer
was dried over anhydrous magnesium sulfate and concentrated in vacuo.
The crude product was subjected to column chromatography on silica gel
(hexane/dichloromethane 10:3) and subsequently purified by preparative
HPLC (hexane) to give 1a (8.0 mg, 22% yield) as colorless prisms and 9,9-
dimethyl-9H-dibenzosilole (5a; 8.7 mg, 22% yield) as a colorless oil.
M.p. 1958C. Rf 0.58 (hexane/dichloromethane 10:3).

1H NMR (270MHz,
CDCl3): d=0.48 (s, 12H), 7.22 (t, J=7.2 Hz, 2H), 7.58 ppm (d, J=7.2 Hz,
4H); 13C NMR (100 MHz, CDCl3): d=�2.7, 127.5, 133.7, 133.8, 160.0 ppm;
29Si NMR (80MHz, CDCl3): d=7.3 ppm; IR (KBr): ñ=3044, 3030, 2966,
2899, 1364, 1246, 853, 802, 766, 652, 428 cm�1; EI-MS (70 eV): m/z: 269
([M]+ +3, 3), 268 ([M]+ +2, 14), 267 ([M]+ +1, 40), 266 ([M]+, 92), 251
(100), 235 (22), 221 (34), 205 (12), 191 (10), 125 (12), 118 (37). HRMS (EI)
calcd for C16H18Si2: [M]

+, 266.0947; found: 266.0960. Elemental analysis
(%) calcd for C16H18Si2: C 72.11, H 6.81; found: C 71.84, H 6.76.

One-pot synthesis of 1a : To a mixture of 3 (0.15 g, 0.31 mmol) and di-
chlorodimethylsilane (0.55 mL, 4.5 mmol) was added a pentane solution
of tBuLi (1.46m, 2.7 mL, 3.9 mmol) at �78 8C over a period of 10 min.
The resulting solution was stirred at �78 8C for 5 min and then allowed
to warm to room temperature before quenching with water (10 mL). The
reaction mixture was diluted with dichloromethane (30 mL), and the
aqueous layer was extracted with dichloromethane (15 mLM2). The com-
bined organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo. The crude product was purified by column chro-
matography on silica gel (hexane/dichloromethane 10:3) to afford a mix-
ture of 1a and 5a. Preparative GPC of the mixture gave 1a (11 mg, 13%
yield) as colorless prisms.

2,6-Dibromo-4-chloro-1-iodobenzene: To a solution of 2,6-dibromo-4-
chloroaniline (100 g, 0.36 mol) in conc. HCl (190 mL) was added a solu-
tion of sodium nitrite (27 g, 0.39 mol) in water (120 mL) dropwise at 0 8C
over a period of 75 min. The solution was stirred at 0 8C for 2 h, and then
was poured into a solution of potassium iodide (510 g, 3.0 mol) in water
(680 mL) at 0 8C. The resulting solution was stirred vigorously at room
temperature overnight. Dichloromethane (750 mL) and sat. Na2CO3 aq.
solution (200 mL) were successively added to the flask at room tempera-
ture. The aqueous layer was extracted with dichloromethane (500 mLM
2). The combined organic layer was dried over anhydrous magnesium sul-
fate and concentrated in vacuo. The crude product was purified by recrys-
tallization from benzene/ethanol, giving rise to 2,6-dibromo-4-chloro-1-io-
dobenzene (120 g, 82% yield) as colorless needles. M.p. 109.6–110.2 8C
(benzene/ethanol 1:1). Rf 0.43 (hexane/diethyl ether 10:1).

1H NMR
(400 MHz, CDCl3): d=7.58 ppm (s, 2H); 13C NMR (100 MHz, CDCl3):
d=107.2, 130.8, 131.4, 135.3 ppm; IR (KBr): ñ=3090, 3053, 2937, 2924,
2891, 1547, 1533, 1522, 1383, 1369, 1352, 1236, 1190, 1167, 1128, 1117,
1076, 1001, 860, 795, 737, 671, 540, 498 cm�1; EI-MS (70 eV): m/z : 400
([M]+ +6, 14), 398 ([M]+ +4, 71), 396 ([M]+ +2, 100), 394 ([M]+ , 44),
269 (28), 190 (19), 109 (17), 74 (26). HRMS (EI) calcd for C6H2Br2ClI:
[M]+ , 393.7256; found: 393.7249. Elemental analysis (%) calcd for
C6H2Br2ClI: C 18.19, H 0.51; found: C 18.25, H 0.65.

7: To a suspension of 2,6-dibromo-4-chloro-1-iodobenzene (51 g, 0.13
mol) and anhydrous copper(II) chloride (105 g, 0.78 mol) in diethyl ether
(400 mL) was added a hexane solution of BuLi (1.60m, 86 mL, 0.14 mol)
at �78 8C over a period of 2.5 h. The resulting mixture was allowed to
warm to room temperature overnight before quenching with water
(200 mL) at 0 8C. The aqueous layer was extracted with dichloromethane
(400 mLM1 and 200 mLM2). The combined organic layer was dried over
anhydrous magnesium sulfate and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel (hexane),
giving rise to 7 (11.3 g, 33% yield) as a colorless solid. M.p. 128.5–
129.5 8C. Rf 0.55 (hexane).

1H NMR (400 MHz, CDCl3): d =7.68 ppm (s,
4H); 13C NMR (100 MHz, CDCl3): d=124.5, 131.8, 135.8, 139.8 ppm; IR
(KBr): ñ =3071, 2966, 2926, 2853, 1566, 1533, 1406, 1375, 1354, 1182,
1130, 1117, 1105, 858, 783, 746, 727, 584 cm�1; EI-MS (70 eV): m/z : 544
([M]+ +10, 12), 542 ([M]+ +8, 47), 540 ([M]+ +6, 93), 538 ([M]+ +4,
100), 536 ([M]+ +2, 54), 534 ([M]+ , 12), 459 (22), 378 (46), 264 (15), 229
(10), 218 (26), 189 (14), 183 (12). HRMS (EI) calcd for C12H4Br4Cl2:
[M]+ , 533.6423; found: 533.6431. Elemental analysis (%) calcd for
C12H4Br4Cl2: C 26.76, H 0.75; found: C 26.92, H 0.88.

Preparation of 1c and 5c : To a mixture of 7 (5.1 g, 9.4 mmol) and di-
chlorodimethylsilane (11.0 mL, 91 mmol) was added a pentane solution
of tBuLi (1.59m, 60 mL, 95 mmol) at �78 8C over a period of 15 min. The
resulting suspension was stirred at �78 8C for 10 min and was allowed to
warm to room temperature overnight before quenching with sat.
NaHCO3 aq. solution (150 mL). The mixture was diluted with dichloro-
methane (300 mL), and the aqueous layer was extracted with dichlorome-
thane (200 mLM1 and 100 mLM2). The combined organic layer was dried
over anhydrous magnesium sulfate and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel (hexane) to
afford 1c (0.47 g, 15% yield) and 5c (0.90 g, 34% yield) as colorless
solids, respectively. 1c : M.p. 203.3–204.3 8C. Rf 0.53 (hexane).

1H NMR
(270 MHz, CDCl3): d=0.49 (s, 12H), 7.52 (s, 4H); 13C NMR (68 MHz,
CDCl3): d =�2.8, 133.8, 134.0, 135.6, 156.7; 29Si NMR (54 MHz, CDCl3):
d=9.1; IR (KBr): ñ =3042, 2966, 2926, 2853, 1362, 1248, 1119, 1078, 854,
785, 758, 660, 453 cm�1; EI-MS (70 eV): m/z : 339 ([M]+ +5, 4), 338
([M]+ +4, 15), 337 ([M]+ +3, 18), 336 ([M]+ +2, 66), 335 ([M]+ +1, 25),
334 ([M]+ , 90), 319 (100), 289 (10), 152 (18). HRMS (EI) calcd for
C16H16Cl2Si2: [M]

+ , 334.0168; found: 334.0166. Elemental analysis (%)
calcd for C16H16Cl2Si2: C 57.30, H 4.81; found: C 57.00, H 4.78. 5c :
M.p. 145.0–145.2 8C. Rf 0.44 (hexane).

1H NMR (400 MHz, CDCl3): d=

0.43 (s, 6H), 7.39 (dd, J=8.3, 2.2 Hz, 2H), 7.56 (d, J=2.2 Hz, 2H),
7.68 ppm (d, J=8.3 Hz, 2H); 13C NMR (100 MHz, CDCl3): d=�3.5,
122.1, 130.3, 132.6, 133.7, 141.0, 145.0 ppm; 29Si NMR (80 MHz, CDCl3):
d=1.7 ppm; IR (KBr): ñ=3049, 2984, 1445, 1391, 1381, 1240, 1140, 1097,
1088, 853, 824, 785, 754, 662 cm�1; EI-MS (70 eV): m/z : 283 ([M]+ +5, 2),
282 ([M]+ +4, 9), 281 ([M]+ +3, 9), 280 ([M]+ +2, 39), 279 ([M]+ +1,
12), 278 ([M]+ , 57), 263 (100), 199 (14), 165 (14). HRMS (EI) calcd for

1244 www.chemasianj.org � 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Asian J. 2008, 3, 1238 – 1247

FULL PAPERS
M. Shimizu et al.



C14H12Cl2Si: [M]
+ , 278.0085; found: 278.0080. Elemental analysis (%)

calcd for C14H12Cl2Si: C 60.22, H 4.33; found: C 59.97, H 4.35.

1b : A Schlenk tube was charged with [Ni ACHTUNGTRENNUNG(acac)2] (11 mg, 4.4 mmol), 1,3-
bis(2,6-di-isopropylphenyl)imidazolium chloride (22 mg, 0.052 mmol), 1c
(25 mg, 0.074 mmol), and THF (1.5 mL) under an argon atmosphere. To
the solution was added a THF solution of phenylmagnesium bromide
(1.07m, 0.50 mL, 0.54 mmol) at room temperature. After 7 days, the reac-
tion was quenched with methanol (3 mL). The organic solvent was re-
moved with a rotary evaporator. The residue was diluted with dichloro-
methane (70 mL) and sat. NaCl aq. solution (25 mL). The aqueous layer
was extracted with dichloromethane (30 mLM2). The combined organic
layer was dried over anhydrous magnesium sulfate and concentrated in
vacuo. The crude product was purified by column chromatography on
silica gel (hexane/ethyl acetate 10:1) to give 1b (17 mg, 53% yield) as
colorless prisms. M.p. 215.6 8C (sublimation). Rf 0.55 (hexane/ethyl ace-
tate 10:1). 1H NMR (400 MHz, CDCl3): d=0.55 (s, 12H), 7.34 (tt, J=7.5,
1.4 Hz, 2H), 7.45 (dd, J=7.8, 7.5 Hz, 4H), 7.64 (dd, J=7.8, 1.4 Hz, 4H),
7.82 ppm (s, 4H); 13C NMR (100 MHz, CDCl3): d=�2.5, 126.9, 127.3,
128.7, 133.3, 134.3, 140.8, 142.4, 158.9 ppm; 29Si NMR (80 MHz, CDCl3):
d=8.0 ppm; IR (KBr): ñ=3103, 3082, 3057, 3026, 2957, 2926, 2895, 2851,
1387, 1252, 1061, 1028, 856, 829, 779, 758, 698, 658, 521 cm�1; EI-MS
(70 eV): m/z : 421 ([M]+ +3, 4), 420 ([M]+ +2, 16), 419 ([M]+ +1, 43),
418 ([M]+ , 100), 403 (64), 209 (10), 194 (16). HRMS (EI) calcd for
C28H26Si2: [M]

+ , 418.1573; found: 418.1569.

5b : A Schlenk tube was charged with [Ni ACHTUNGTRENNUNG(acac)2] (14 mg, 5.3 mmol), 1,3-
bis(2,6-di-isopropylphenyl)imidazolium chloride (24 mg, 0.057 mmol), 5c
(25 mg, 0.089 mmol), and THF (1.5 mL). To the solution was added a
THF solution of phenylmagnesium bromide (1.07m, 0.50 mL, 0.54 mmol)
at room temperature. The resulting solution was stirred at room tempera-
ture for 9 h before quenching with methanol (3 mL). The organic solvent
was removed under reduced pressure. The residue was dissolved in di-
chloromethane (70 mL) and sat. NaCl aq. solution (25 mL). The aqueous
layer was extracted with dichloromethane (30 mLM2). The combined or-
ganic layer was dried over anhydrous magnesium sulfate and concentrat-
ed in vacuo. The crude product was purified by column chromatography
on silica gel (hexane/ethyl acetate 10:1) to give 5b (30 mg, 93% yield) as
colorless needles. M.p. 241.8–242.7 8C. Rf 0.77 (hexane/ethyl acetate 10:1).
1H NMR (400 MHz, CDCl3): d =0.50 (s, 6H), 7.36 (tt, J=7.5, 1.3 Hz,
2H), 7.47 (dd, J=7.9, 7.5 Hz, 4H), 7.67 (dd, J=7.9, 1.3 Hz, 4H), 7.69
(dd, J=7.6, 1.9 Hz, 2H), 7.87 (d, J=1.9 Hz, 2H), 7.92 ppm (d, J=7.6 Hz,
2H); 13C NMR (100 MHz, CDCl3): d =�3.1, 121.2, 127.0, 127.2, 128.8,
129.2, 131.5, 139.8, 140.1, 141.2, 146.6 ppm; 29Si NMR (80 MHz, CDCl3):
d=0.7 ppm; IR (KBr): ñ=3061, 3032, 2957, 2918, 2849, 1389, 1248, 1151,
1067, 1022, 905, 851, 835, 826, 781, 760, 694 cm�1; EI-MS (70 eV): m/z :
364 ([M]+ +2, 10), 363 ([M]+ +1, 36), 362 ([M]+ , 100), 347 (75), 174
(14). HRMS (EI) calcd for C26H22Si: [M]

+ , 362.1491; found: 362.1507.

8 : To a solution of 3 (0.20 g, 0.43 mmol) in THF (6.5 mL) was added
BuLi (1.60m in hexane, 0.62 mL, 0.99 mmol) at �78 8C over a period of
5 min. The reaction mixture was stirred at �78 8C for 1 h before the addi-
tion of 1,2-dichloro-1,1,2,2-tetramethyldisilane (0.12 mL, 0.64 mmol). The
resulting mixture was allowed to warm to room temperature overnight
before quenching with sat. NaHCO3 aq. solution (10 mL). The aqueous
layer was extracted with ethyl acetate (50 mLM1 and 30 mLM2). The
combined organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo. The crude product was purified by column chro-
matography on silica gel (hexane/ethyl acetate 10:1) to give 8 (0.12 g,
67% yield) as colorless prisms. M.p. 154.4–154.8 8C. Rf 0.48 (hexane/ethyl
acetate 10:1). 1H NMR (400 MHz, CDCl3): d=�0.22 (s, 6H), 0.42 (s,
6H), 7.20 (dd, J=8.0, 7.3 Hz, 2H), 7.44 (dd, J=7.3, 1.3 Hz, 2H), 7.67
(dd, J=8.0, 1.3 Hz, 2H); 13C NMR (100 MHz, CDCl3): d=�5.7, �5.5,
125.7, 128.7, 132.1, 133.8, 139.2, 145.4 ppm; 29Si NMR (80 MHz, CDCl3):
d=�23.1 ppm; IR (KBr): ñ=3047, 2957, 2895, 1558, 1541, 1383, 1242,
1070, 854, 837, 818, 795, 779, 770, 752, 735, 723, 656, 638 cm�1; EI-MS
(70 eV): m/z : 428 ([M]+ +4, 12), 426 ([M]+ +2, 22), 424 ([M]+ , 11), 413
(4), 411 (8), 409 (4), 347 (60), 345 (56), 331 (26), 329 (24), 265 (100), 237
(59). HRMS (EI) calcd for C16H18Br2Si2: [M]

+ , 423.9314; found:
423.9310. Elemental analysis (%) calcd for C16H18Br2Si2: C 45.08, H 4.26;
found: C 45.34, H 4.22.

2a : To a solution of 8 (41 mg, 0.097 mmol) in THF (1.5 mL) was added
tBuLi (1.57m in pentane, 0.25 mL, 0.39 mmol) at �78 8C. The reaction
mixture was stirred at �78 8C for 40 min before the addition of dichloro-
dimethylsilane (20 mL, 0.17 mmol). The resulting mixture was allowed to
warm to room temperature overnight before quenching with sat.
NaHCO3 aq. solution (10 mL). The aqueous layer was extracted with
ethyl acetate (50 mLM1 and 20 mLM2). The combined organic layer was
dried over anhydrous magnesium sulfate and concentrated in vacuo. The
crude product was purified by column chromatography on silica gel
(hexane/ethyl acetate 10:1) and subsequently by preparative HPLC
(hexane) to give 2a (25 mg, 78% yield) as a colorless solid. M.p. 63.9 8C.
Rf 0.28 (hexane).

1H NMR (270 MHz, CDCl3): d=0.36 (s, 12H), 0.40 (s,
6H), 7.24 (dd, J=7.2, 7.1 Hz, 2H), 7.63 (dd, J=7.1, 1.6 Hz, 2H),
7.64 ppm (dd, J=7.2, 1.6 Hz, 2H); 13C NMR (68 MHz, CDCl3): d=�3.2,
�2.8, 125.9, 133.4, 134.6, 136.4, 139.9, 154.8 ppm; 29Si NMR (54 MHz,
CDCl3): d=�32.9, �2.5 ppm; IR (KBr): ñ=3038, 3017, 2953, 2893, 1362,
1246, 1138, 856, 833, 818, 795, 762, 658, 642 cm�1; EI-MS (70 eV): m/z :
327 ([M]+ +3, 2), 326 ([M]+ +2, 6), 325 ([M]+ +1, 14), 324 ([M]+ , 42),
309 (23), 251 (100), 236 (24), 221 (13), 73 (13). HRMS (EI) calcd for
C18H24Si3: [M]

+ , 324.1186; found: 324.1194. Elemental analysis (%) calcd
for C18H24Si3: C 66.59, H 7.45; found: C 66.59, H 7.41.

One-pot synthesis of 2a : To a mixture of 3 (0.81 g, 1.72 mmol) and 1,2-di-
chloro-1,1,2,2-tetramethyldisilane (1.70 mL, 9.1 mmol) was added a pen-
tane solution of tBuLi (1.47m, 10.0 mL, 14.7 mmol) at �78 8C over a
period of 45 min. The mixture was stirred for 25 min at �78 8C and then
at room temperature overnight before quenching with sat. NaHCO3 aq.
solution (30 mL). Dichloromethane (40 mL) was added, and the separat-
ed aq. phase was extracted with dichloromethane (20 mLM2). The com-
bined organic layers were dried over anhydrous magnesium sulfate and
concentrated in vacuo. The crude products were separated by column
chromatography on silica gel (hexane), giving rise to 2a (0.24 g, 43%
yield) as a colorless solid and 9 (66 mg, 10% yield) as colorless prisms. 9 :
M.p. 147.2–148.2 8C. Rf 0.56 (hexane).

1H NMR (270 MHz, CDCl3): d=

�0.20 (s, 12H), 0.40 (s, 12H), 7.17 (t, J=7.3 Hz, 2H), 7.46 ppm (d, J=

7.3 Hz, 4H); 13C NMR (68 MHz, CDCl3): d =�5.5, �5.0, 125.6, 134.7,
136.2, 152.0 ppm; 29Si NMR (54 MHz, CDCl3): d =�25.3 ppm; IR (KBr):
ñ=3036, 2961, 2947, 2893, 1358, 1246, 858, 839, 795, 783, 764, 642 cm�1;
EI-MS (70 eV): m/z : 385 ([M]+ +3, 3), 384 ([M]+ +2, 10), 383 ([M]+ +1,
19), 382 ([M]+ , 43), 324 (22), 309 (43), 251 (100), 236 (16), 221 (20), 116
(83), 73 (14). HRMS (GC–MS) calcd for C20H30Si4: [M]

+ , 382.1425;
found: 382.1432. Elemental analysis (%) calcd for C20H30Si4: C 62.75,
H 7.90; found: C 62.36, H 7.89.

2c : To a mixture of 7 (0.33 g, 0.61 mmol) and 1,2-dichloro-1,1,2,2-tetra-
methyldisilane (1.00 mL, 5.4 mmol) was added a pentane solution of
tBuLi (1.46m, 4.6 mL, 6.7 mmol) at �78 8C over a period of 12 min. The
resulting suspension was stirred at �78 8C for 23 min and then at room
temperature for 26 h before quenching with sat. NaHCO3 aq. solution
(20 mL). The resulting solution was diluted with dichloromethane
(50 mL). The separated aqueous layer was extracted with dichlorome-
thane (30 mLM2). The combined organic layer was dried over anhydrous
magnesium sulfate and concentrated in vacuo. The crude product was pu-
rified by column chromatography on silica gel (hexane) to give 2c
(86 mg, 36% yield) as a colorless solid. M.p. 139.9–140.9 8C. Rf 0.59
(hexane). 1H NMR (400 MHz, CDCl3): d=0.35 (s, 12H), 0.40 (s, 6H),
7.52 (s, 2H), 7.52 ppm (s, 2H); 13C NMR (100 MHz, CDCl3): d=�3.5,
�3.3, 133.0, 133.2, 135.8, 137.3, 142.7, 151.9 ppm; 29Si NMR (54 MHz,
CDCl3): d=�31.3, �1.5 ppm; IR (KBr): ñ=2955, 2897, 1358, 1250, 1130,
860, 841, 779, 766, 662 cm�1; EI-MS (70 eV): m/z : 397 ([M]+ +5, 4), 395
([M]+ +3, 12),394 ([M]+ +2, 36), 392 ([M]+ , 46), 377 (100), 319 (23), 284
(18). HRMS (EI) calcd for C18H22Cl2Si3: [M]

+ , 392.0406; found:
392.0406. Elemental analysis (%) calcd for C18H22Cl2Si3: C 54.94, H 5.63;
found: C 55.04, H 5.60.

2b : A Schlenk tube was charged with [Ni ACHTUNGTRENNUNG(acac)2] (23 mg, 9.0 mmol), 1,3-
bis(2,6-di-isopropylphenyl)imidazolium chloride (35 mg, 0.083 mmol), 2c
(51 mg, 0.13 mmol), and THF (2.2 mL). To the solution was added a
THF solution of phenylmagnesium bromide (1.07m, 0.80 mL, 0.86 mmol)
at room temperature. The reaction mixture was stirred at room tempera-
ture for 46 h before quenching with methanol (5 mL). The organic sol-
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vent was removed under reduced pressure. The residue was dissolved
with dichloromethane (70 mL) and sat. NaCl aq. solution (25 mL). The
aqueous layer was extracted with dichloromethane (30 mLM2). The com-
bined organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo. The crude product was purified by column chro-
matography on silica gel (hexane/ethyl acetate 20:1) to give 2b (38 mg,
61% yield) as colorless plates. M.p. 180.5 8C. Rf 0.59 (hexane/ethyl ace-
tate 20:1). 1H NMR (400 MHz, CDCl3): d=0.42 (s, 12H), 0.47 (s, 6H),
7.38 (tt, J=7.5, 1.5 Hz, 2H), 7.49 (dd, J=8.0, 7.5 Hz, 4H), 7.68 (dd, J=

8.0, 1.5 Hz, 4H), 7.86 (s, 2H), 7.86 ppm (s, 2H); 13C NMR (100 MHz,
CDCl3): d=�3.2, �2.9, 127.1, 127.2, 128.8, 132.3, 135.1, 135.4, 138.2,
140.9, 141.2, 153.7; 29Si NMR (80 MHz, CDCl3): d=�32.4, �2.2 ppm; IR
(KBr): ñ =2953, 2916, 2849, 1246, 860, 849, 779, 760, 698 cm�1; EI-MS
(70 eV): m/z : 479 ([M]+ +3, 6), 478 ([M]+ +2, 20), 476 ([M]+ , 88), 461
(18), 418 (31), 403 (100), 388 (12), 373 (12). HRMS (EI) calcd for
C30H32Si3: [M]

+ , 476.1812; found: 476.1808.

9,9-Dimethyl-9H-dibenzosilole (5a): Compound 5a was prepared accord-
ing to the reported procedure (reference [10a]).

Calculations

Molecular structures were optimized by DFT methods at the B3LYP/6-
31G(d) level using the Gaussian98 package. Energy levels of molecular
orbitals were calculated by the gauge-including atomic orbital (GIAO)
method at the B3LYP/6-31G(d)//B3LYP/6-31G(d) level. Absolute ener-
gies (in hartree) of calculated compounds are as follows: �1199.613183
(1a), �1568.961063 (2a), �831.4637551 (5a), �1661.727562 (1b),
�2031.076499 (2b), and �1293.579145 (5b). Results on TDDFT calcula-
tions of 2a are as follows: excitation energies (4.1355 eV, 299.80 nm) and
oscillator strengths (0.0890). Transitions (coefficients in the CI expansion)
of excited state 1: 86 to 88 (0.22316), 86 to 89 (0.14298), 87 to 88
(0.57336), 87 to 89 (�0.25130).

Acknowledgements

This work was supported by Grants-in-Aid for Creative Scientific Re-
search, No. 16GS0209, and 21st century COE program for a United Ap-
proach for New Materials Science from the Ministry of Education, Cul-
ture, Sports, Science and Technology, Japan. The authors thank Dr.
Kengo Suzuki, Hamamatsu Photonics, for measurement of quantum
yields in the solid state.

[1] a) Electronic Materials : The Oligomer Approach (Eds.: K. MOllen,
G. Wegner), Wiley-VCH, Weinheim, 1998 ; b)Handbook of Oligo-
and Polythiophenes (Ed.: D. Fichou), Wiley-VCH, Weinheim, 1999 ;
c)Molecular Switches (Ed.: B. L. Feringa), Wiley-VCH, Weinheim,
2001; d)Molecular Devices and Machines (Eds.: V. Balzani, M. Ven-
turi, A. Credi), Wiley-VCH, Weinheim, 2003 ; e) Functional Organic
Materials (Eds.: T. J. J. MOller, U. H. F. Bunz), Wiley-VCH, Wein-
heim, 2007; f) U. Scherf, K. MOllen, Synthesis 1992, 23–38; g) A.
Kraft, A. C. Grimsdale, A. B. Holmes, Angew. Chem. 1998, 110,
416–443; Angew. Chem. Int. Ed. 1998, 37, 402–428; h) U. Mitschke,
P. BPuerle, J. Mater. Chem. 2000, 10, 1471–1507; i) M. Bendikov, F.
Wudl, D. F. Perepichka, Chem. Rev. 2004, 104, 4891–4945; j) J. E.
Anthony, Chem. Rev. 2006, 106, 5028–5048; k) Chem. Rev. 2007,
107, 923–1386 (thematic issue on organic electronics and optoelec-
tronics).

[2] a) J. Roncali, Chem. Rev. 1997, 97, 173–205; b) H. Meier, U. Stalm-
ach, H. Kolshorn, Acta Polym. 1997, 48, 379–384; c) R. E. Martin, F.
Diederich, Angew. Chem. 1999, 111, 1440–1469; Angew. Chem. Int.
Ed. 1999, 38, 1350–1377; d) U. Scherf, J. Mater. Chem. 1999, 9,
1853–1864; e) S. Yamaguchi, K. Tamao, Chem. Lett. 2005, 34, 2–7;
f) J. Gierschner, J. Cornil, H. J. Egelhaaf, Adv. Mater. 2007, 19, 173–
191.

[3] a) S. Yamaguchi, K. Tamao, Bull. Chem. Soc. Jpn. 1996, 69, 2327–
2334; b) V. N. Khabashesku, V. Balaji, S. E. Boganov, O. M. Nefe-
dov, J. Michl, J. Am. Chem. Soc. 1994, 116, 320–329.

[4] Reviews: a) J. Dubac, A. Laporterie, G. Manuel, Chem. Rev. 1990,
90, 215–263; b) E. Colomer, R. J. P. Corriu, M. Lheureux, Chem.
Rev. 1990, 90, 265–282; c) S. Yamaguchi, K. Tamao, J. Chem. Soc.
Dalton Trans. 1998, 3693–3702; d) M. Hissler, P. W. Dyer, R. RQau,
Coord. Chem. Rev. 2003, 244, 1–44. Selected examples: e) K.
Tamao, M. Uchida, T. Izumizawa, K. Furukawa, S. Yamaguchi, J.
Am. Chem. Soc. 1996, 118, 11974–11975; f) S. Yamaguchi, T. Endo,
M. Uchida, T. Izumizawa, K. Furukawa, K. Tamao, Chem. Eur. J.
2000, 6, 1683–1692; g) B. Z. Tang, X. Zhan, G. Yu, P. P. S. Lee, Y.
Liu, D. Zhu, J. Mater. Chem. 2001, 11, 2974–2978; h) M. Uchida, T.
Izumizawa, T. Nakano, S. Yamaguchi, K. Tamao, K. Furukawa,
Chem. Mater. 2001, 13, 2680–2683; i) J. Chen, C. C. W. Law, J. W. Y.
Lam, Y. Dong, S. M. F. Lo, I. D. Williams, D. Zhu, B. Z. Tang,
Chem. Mater. 2003, 15, 1535–1546; j) A. J. Boydston, B. L. Pagen-
kopf, Angew. Chem. 2004, 116, 6496–6498; Angew. Chem. Int. Ed.
2004, 43, 6336–6338; k) A. J. Boydston, Y. Yin, B. L. Pagenkopf, J.
Am. Chem. Soc. 2004, 126, 10350–10354; l) A. J. Boydston, Y. Yin,
B. L. Pagenkopf, J. Am. Chem. Soc. 2004, 126, 3724–3725; m) G.
Yui, S. Yin, Y. Liu, J. Chen, X. Xu, X. Sun, D. Ma, X. Zhan, Q.
Peng, Z. Shuai, B. Tang, D. Zhu, W. Fang, Y. Luo, J. Am. Chem.
Soc. 2005, 127, 6335–6346; n) X. Zhan, C. Risko, A. Korlyukov, F.
Sena, T. V. Timofeeva, M. Y. Antipin, S. Barlow, J. L. BrQdas, S. R.
Marder, J. Mater. Chem. 2006, 16, 3814–3822.

[5] a) J. Ohshita, M. Nodono, H. Kai, T. Watanabe, A. Kunai, K. Koma-
guchi, M. Shiotani, A. Adachi, K. Okita, Y. Harima, K. Yamashita,
M. Ishikawa, Organometallics 1999, 18, 1453–1459; b) J. Ohshita, H.
Kai, A. Takata, T. Iida, A. Kunai, N. Ohta, K. Komaguchi, M. Shio-
tani, A. Adachi, K. Sakamaki, K. Okita, Organometallics 2001, 20,
4800–4805; c) K. H. Lee, J. Ohshita, A. Kunai, Organometallics
2004, 23, 5481–5487; d) K. H. Lee, J. Ohshita, K. Kimura, Y.
Kunugi, A. Kunai, J. Organomet. Chem. 2005, 690, 333–337;
e) D. H. Kim, J. Ohshita, K. H. Lee, Y. Kunugi, A. Kunai, Organo-
metallics 2006, 25, 1511–1516.

[6] a) S. Yamaguchi, C. Xu, K. Tamao, J. Am. Chem. Soc. 2003, 125,
13662–13663; b) C. Xu, H. Yamada, A. Wakamiya, S. Yamaguchi,
K. Tamao, Macromolecules 2004, 37, 8978–8983; c) C. Xu, A. Waka-
miya, S. Yamaguchi, Org. Lett. 2004, 6, 3707–3710; d) C. Xu, A. Wa-
kamiya, S. Yamaguchi, J. Am. Chem. Soc. 2005, 127, 1638–1639;
e) S. Yamaguchi, C. Xu, H. Yamada, A. Wakamiya, J. Organomet.
Chem. 2005, 690, 5365–5377.

[7] a) L. C. Palilis, H. Murata, M. Uchida, Z. H. Kafafi, Org. Electron.
2003, 4, 113–121; b) T. Matsushita, M. Uchida, J. Photopolym. Sci.
Technol. 2003, 16, 315–316; c) X. F. Ren, J. Li, R. J. Holmes, P. I.
Djurovich, S. R. Forrest, M. E. Thompson, Chem. Mater. 2004, 16,
4743–4747; d) K. L. Chan, M. J. McKiernan, C. R. Towns, A. B.
Holmes, J. Am. Chem. Soc. 2005, 127, 7662–7663; e) S. H. Lee, B. B.
Jang, Z. H. Kafafi, J. Am. Chem. Soc. 2005, 127, 9071–9078; f) Y.
Mo, R. Tian, W. Shi, Y. Cao, Chem. Commun. 2005, 4925–4926;
g) H. Xiao, B. Leng, H. Tian, Polymer 2005, 46, 5707–5713; h) K. L.
Chan, S. E. Watkins, C. S. K. Mak, M. J. McKiernan, C. R. Towns,
S. I. Pascu, A. B. Holmes, Chem. Commun. 2005, 5766–5768; i) R. F.
Chen, Q. L. Fan, S. J. Liu, R. Zhu, K. Y. Pu, W. Huang, Synth. Met.
2006, 156, 1161–1167; j) H. Usta, G. Lu, A. Facchetti, T. J. Marks, J.
Am. Chem. Soc. 2006, 128, 9034–9035; k) E. Wang, C. Li, Y. Mo, Y.
Zhang, G. Ma, W. Shi, J. Peng, W. Yang, Y. Cao, J. Mater. Chem.
2006, 16, 4133–4140; l) X. Zhang, C. Jiang, Y. Mo, Y. Xu, H. Shi, Y.
Cao, Appl. Phys. Lett. 2006, 88, 051116; m) G. Yang, Z. Su, C. Qin,
J. Phys. Chem. A 2006, 110, 4817–4821; n) T. Matsuda, S. Kadowaki,
T. Goya, M. Murakami, Org. Lett. 2007, 9, 133–136; o) J. C. San-
chez, A. G. DiPasquale, A. L. Rheingold, W. C. Trogler, Chem.
Mater. 2007, 19, 6459–6470; p) L. Li, J. Xiang, C. Xu, Org. Lett.
2007, 9, 4877–4879; q) T. Matsuda, S. Kadowaki, M. Murakami,
Chem. Commun. 2007, 2627–2629; r) E. Wang, C. Li, W. Zhuang, J.
Peng, Y. Cao, J. Mater. Chem. 2008, 18, 797–801.

[8] T. Kimura, Y. Izumi, N Furukawa, Y. Minoshima, Heteroat. Chem.
1996, 7, 143–147.

[9] Reviews on molecular rods consisting of conventional modules:
a) P. F. H. Schwab, M. D. Levin, J. Michl, Chem. Rev. 1999, 99,

1246 www.chemasianj.org � 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Asian J. 2008, 3, 1238 – 1247

FULL PAPERS
M. Shimizu et al.

http://dx.doi.org/10.1055/s-1992-34172
http://dx.doi.org/10.1055/s-1992-34172
http://dx.doi.org/10.1055/s-1992-34172
http://dx.doi.org/10.1002/(SICI)1521-3757(19980216)110:4%3C416::AID-ANGE416%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3757(19980216)110:4%3C416::AID-ANGE416%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3757(19980216)110:4%3C416::AID-ANGE416%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3757(19980216)110:4%3C416::AID-ANGE416%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3773(19980302)37:4%3C402::AID-ANIE402%3E3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1521-3773(19980302)37:4%3C402::AID-ANIE402%3E3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1521-3773(19980302)37:4%3C402::AID-ANIE402%3E3.0.CO;2-9
http://dx.doi.org/10.1039/a908713c
http://dx.doi.org/10.1039/a908713c
http://dx.doi.org/10.1039/a908713c
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1021/cr050966z
http://dx.doi.org/10.1021/cr050966z
http://dx.doi.org/10.1021/cr050966z
http://dx.doi.org/10.1021/cr950257t
http://dx.doi.org/10.1021/cr950257t
http://dx.doi.org/10.1021/cr950257t
http://dx.doi.org/10.1002/actp.1997.010480905
http://dx.doi.org/10.1002/actp.1997.010480905
http://dx.doi.org/10.1002/actp.1997.010480905
http://dx.doi.org/10.1002/(SICI)1521-3757(19990517)111:10%3C1440::AID-ANGE1440%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3757(19990517)111:10%3C1440::AID-ANGE1440%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3757(19990517)111:10%3C1440::AID-ANGE1440%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1350::AID-ANIE1350%3E3.0.CO;2-6
http://dx.doi.org/10.1039/a900447e
http://dx.doi.org/10.1039/a900447e
http://dx.doi.org/10.1039/a900447e
http://dx.doi.org/10.1039/a900447e
http://dx.doi.org/10.1246/cl.2005.2
http://dx.doi.org/10.1246/cl.2005.2
http://dx.doi.org/10.1246/cl.2005.2
http://dx.doi.org/10.1002/adma.200600277
http://dx.doi.org/10.1002/adma.200600277
http://dx.doi.org/10.1002/adma.200600277
http://dx.doi.org/10.1246/bcsj.69.2327
http://dx.doi.org/10.1246/bcsj.69.2327
http://dx.doi.org/10.1246/bcsj.69.2327
http://dx.doi.org/10.1021/ja00080a037
http://dx.doi.org/10.1021/ja00080a037
http://dx.doi.org/10.1021/ja00080a037
http://dx.doi.org/10.1021/cr00099a008
http://dx.doi.org/10.1021/cr00099a008
http://dx.doi.org/10.1021/cr00099a008
http://dx.doi.org/10.1021/cr00099a008
http://dx.doi.org/10.1021/cr00099a009
http://dx.doi.org/10.1021/cr00099a009
http://dx.doi.org/10.1021/cr00099a009
http://dx.doi.org/10.1021/cr00099a009
http://dx.doi.org/10.1039/a804491k
http://dx.doi.org/10.1039/a804491k
http://dx.doi.org/10.1039/a804491k
http://dx.doi.org/10.1039/a804491k
http://dx.doi.org/10.1016/S0010-8545(03)00098-5
http://dx.doi.org/10.1016/S0010-8545(03)00098-5
http://dx.doi.org/10.1016/S0010-8545(03)00098-5
http://dx.doi.org/10.1021/ja962829c
http://dx.doi.org/10.1021/ja962829c
http://dx.doi.org/10.1021/ja962829c
http://dx.doi.org/10.1021/ja962829c
http://dx.doi.org/10.1002/(SICI)1521-3765(20000502)6:9%3C1683::AID-CHEM1683%3E3.3.CO;2-D
http://dx.doi.org/10.1002/(SICI)1521-3765(20000502)6:9%3C1683::AID-CHEM1683%3E3.3.CO;2-D
http://dx.doi.org/10.1002/(SICI)1521-3765(20000502)6:9%3C1683::AID-CHEM1683%3E3.3.CO;2-D
http://dx.doi.org/10.1002/(SICI)1521-3765(20000502)6:9%3C1683::AID-CHEM1683%3E3.3.CO;2-D
http://dx.doi.org/10.1039/b102221k
http://dx.doi.org/10.1039/b102221k
http://dx.doi.org/10.1039/b102221k
http://dx.doi.org/10.1021/cm010245q
http://dx.doi.org/10.1021/cm010245q
http://dx.doi.org/10.1021/cm010245q
http://dx.doi.org/10.1021/cm021715z
http://dx.doi.org/10.1021/cm021715z
http://dx.doi.org/10.1021/cm021715z
http://dx.doi.org/10.1002/ange.200461844
http://dx.doi.org/10.1002/ange.200461844
http://dx.doi.org/10.1002/ange.200461844
http://dx.doi.org/10.1002/anie.200461844
http://dx.doi.org/10.1002/anie.200461844
http://dx.doi.org/10.1002/anie.200461844
http://dx.doi.org/10.1002/anie.200461844
http://dx.doi.org/10.1021/ja047983a
http://dx.doi.org/10.1021/ja047983a
http://dx.doi.org/10.1021/ja047983a
http://dx.doi.org/10.1021/ja047983a
http://dx.doi.org/10.1021/ja049758z
http://dx.doi.org/10.1021/ja049758z
http://dx.doi.org/10.1021/ja049758z
http://dx.doi.org/10.1021/ja044628b
http://dx.doi.org/10.1021/ja044628b
http://dx.doi.org/10.1021/ja044628b
http://dx.doi.org/10.1021/ja044628b
http://dx.doi.org/10.1039/b605343b
http://dx.doi.org/10.1039/b605343b
http://dx.doi.org/10.1039/b605343b
http://dx.doi.org/10.1021/om980918n
http://dx.doi.org/10.1021/om980918n
http://dx.doi.org/10.1021/om980918n
http://dx.doi.org/10.1021/om0103254
http://dx.doi.org/10.1021/om0103254
http://dx.doi.org/10.1021/om0103254
http://dx.doi.org/10.1021/om0103254
http://dx.doi.org/10.1021/om049642b
http://dx.doi.org/10.1021/om049642b
http://dx.doi.org/10.1021/om049642b
http://dx.doi.org/10.1021/om049642b
http://dx.doi.org/10.1016/j.jorganchem.2004.09.039
http://dx.doi.org/10.1016/j.jorganchem.2004.09.039
http://dx.doi.org/10.1016/j.jorganchem.2004.09.039
http://dx.doi.org/10.1021/om0510122
http://dx.doi.org/10.1021/om0510122
http://dx.doi.org/10.1021/om0510122
http://dx.doi.org/10.1021/om0510122
http://dx.doi.org/10.1021/ja038487+
http://dx.doi.org/10.1021/ja038487+
http://dx.doi.org/10.1021/ja038487+
http://dx.doi.org/10.1021/ja038487+
http://dx.doi.org/10.1021/ma0486546
http://dx.doi.org/10.1021/ma0486546
http://dx.doi.org/10.1021/ma0486546
http://dx.doi.org/10.1021/ol0486932
http://dx.doi.org/10.1021/ol0486932
http://dx.doi.org/10.1021/ol0486932
http://dx.doi.org/10.1021/ja042964m
http://dx.doi.org/10.1021/ja042964m
http://dx.doi.org/10.1021/ja042964m
http://dx.doi.org/10.1016/j.jorganchem.2005.05.019
http://dx.doi.org/10.1016/j.jorganchem.2005.05.019
http://dx.doi.org/10.1016/j.jorganchem.2005.05.019
http://dx.doi.org/10.1016/j.jorganchem.2005.05.019
http://dx.doi.org/10.1016/j.orgel.2003.08.006
http://dx.doi.org/10.1016/j.orgel.2003.08.006
http://dx.doi.org/10.1016/j.orgel.2003.08.006
http://dx.doi.org/10.1016/j.orgel.2003.08.006
http://dx.doi.org/10.2494/photopolymer.16.315
http://dx.doi.org/10.2494/photopolymer.16.315
http://dx.doi.org/10.2494/photopolymer.16.315
http://dx.doi.org/10.2494/photopolymer.16.315
http://dx.doi.org/10.1021/cm049402m
http://dx.doi.org/10.1021/cm049402m
http://dx.doi.org/10.1021/cm049402m
http://dx.doi.org/10.1021/cm049402m
http://dx.doi.org/10.1021/ja0508065
http://dx.doi.org/10.1021/ja0508065
http://dx.doi.org/10.1021/ja0508065
http://dx.doi.org/10.1021/ja042762q
http://dx.doi.org/10.1021/ja042762q
http://dx.doi.org/10.1021/ja042762q
http://dx.doi.org/10.1039/b507518a
http://dx.doi.org/10.1039/b507518a
http://dx.doi.org/10.1039/b507518a
http://dx.doi.org/10.1016/j.polymer.2005.05.057
http://dx.doi.org/10.1016/j.polymer.2005.05.057
http://dx.doi.org/10.1016/j.polymer.2005.05.057
http://dx.doi.org/10.1039/b511208g
http://dx.doi.org/10.1039/b511208g
http://dx.doi.org/10.1039/b511208g
http://dx.doi.org/10.1016/j.synthmet.2006.06.014
http://dx.doi.org/10.1016/j.synthmet.2006.06.014
http://dx.doi.org/10.1016/j.synthmet.2006.06.014
http://dx.doi.org/10.1016/j.synthmet.2006.06.014
http://dx.doi.org/10.1021/ja062908g
http://dx.doi.org/10.1021/ja062908g
http://dx.doi.org/10.1021/ja062908g
http://dx.doi.org/10.1021/ja062908g
http://dx.doi.org/10.1039/b609250k
http://dx.doi.org/10.1039/b609250k
http://dx.doi.org/10.1039/b609250k
http://dx.doi.org/10.1039/b609250k
http://dx.doi.org/10.1063/1.2167788
http://dx.doi.org/10.1021/jp0600099
http://dx.doi.org/10.1021/jp0600099
http://dx.doi.org/10.1021/jp0600099
http://dx.doi.org/10.1021/ol062732n
http://dx.doi.org/10.1021/ol062732n
http://dx.doi.org/10.1021/ol062732n
http://dx.doi.org/10.1021/cm702299g
http://dx.doi.org/10.1021/cm702299g
http://dx.doi.org/10.1021/cm702299g
http://dx.doi.org/10.1021/cm702299g
http://dx.doi.org/10.1021/ol702215m
http://dx.doi.org/10.1021/ol702215m
http://dx.doi.org/10.1021/ol702215m
http://dx.doi.org/10.1021/ol702215m
http://dx.doi.org/10.1039/b703397d
http://dx.doi.org/10.1039/b703397d
http://dx.doi.org/10.1039/b703397d
http://dx.doi.org/10.1039/b716607a
http://dx.doi.org/10.1039/b716607a
http://dx.doi.org/10.1039/b716607a
http://dx.doi.org/10.1002/(SICI)1098-1071(199603)7:2%3C143::AID-HC7%3E3.0.CO;2-E
http://dx.doi.org/10.1002/(SICI)1098-1071(199603)7:2%3C143::AID-HC7%3E3.0.CO;2-E
http://dx.doi.org/10.1002/(SICI)1098-1071(199603)7:2%3C143::AID-HC7%3E3.0.CO;2-E
http://dx.doi.org/10.1002/(SICI)1098-1071(199603)7:2%3C143::AID-HC7%3E3.0.CO;2-E
http://dx.doi.org/10.1021/cr970070x


1863–1933; b) P. F. H. Schwab, J. R. Smith, J. Michl, Chem. Rev.
2005, 105, 1197–1279.

[10] a) W. Neugebauer, A. J. Kos, P. v. R. Schleyer, J. Organomet. Chem.
1982, 228, 107–118; b) R. F. Chen, Q. L. Fan, C. Zheng, W. Huang,
Org. Lett. 2006, 8, 203–205.

[11] G. P. M. van Klink, H. J. R. de Boer, G. Schat, O. S. Akkerman, F.
Bickelhaupt, A. L. Spek, Organometallics 2002, 21, 2119–2135.

[12] V. P. W. Bçhm, T. Weskamp, C. W. K. Gstçttmayr, W. A. Herrmann,
Angew. Chem. 2000, 112, 1672–1674; Angew. Chem. Int. Ed. 2000,
39, 1602–1604.

[13] a) T. Hoshi, T. Nakamura, T. Suzuki, M. Ando, H. Hagiwara, Orga-
nometallics 2000, 19, 3170–3178; b) M. Oba, M. Iida, T. Nagoya, K.
Nishiyama, J. Organomet. Chem. 2006, 691, 1151–1153.

[14] 1a : C16H18Si2, crystal size 0.5M0.5M0.5 mm
3, space group Pbca (or-

thorhombic), a=7.717(3), b=11.581(5), c=17.359(7) K, V=

1551.4(11) K3, Z=4, 1calcd=1.141 gcm�3, m ACHTUNGTRENNUNG(MoKa)=0.210 mm
�1.

Data were measured on a Bruker SMART APEX diffractometer
(MoKa radiation, l=0.71073 K) at 300 K, and the structure was
solved by direct methods. Of 8501 reflections collected, 1670 were
unique reflections (Rint=0.0267); data/restraints/parameters 1670/0/
84; final R indices [I>2s(I)]: R1=0.0405, wR2=0.1173; R indices
(all data): R1=0.0432, wR2=0.1260. CCDC-650887 contains the sup-
plementary crystallographic data for 1a. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data request/cif.

[15] No single crystals of 2a suitable for X-ray analysis were obtained,
although we attempted the recrystallization under various condi-
tions.

[16] Reviews on polyfluorenes: a) A. C. Grimsdale, K. MOllen, Adv.
Polym. Sci. 2006, 199, 1–82; b) P. Chen, G. Yang, T. Liu, T. Li, M.
Wang, W. Huang, Polym. Int. 2006, 55, 473–490; c) U. Scherf,
E. J. W. List, Adv. Mater. 2002, 14, 477–487; d) D. Neher, Macromol.
Rapid Commun. 2001, 22, 1365–1385; e) Y. Greerts, G. KlPrner, K.
MOllen, in Electronic Materials: The Oligomer Approach (Eds.: K.
MOllen, G. Wegner), Wiley-VCH, Weinheim, 1998, pp. 1–103;
f) S. H. Lee, T. Tsutsui, Thin Solid Films 2000, 363, 76–80; g) K. T.
Wong, Y. Y. Chien, R. T. Chen, C. F. Wang, Y. T. Lin, H. H. Chiang,
P. Y. Hsieh, C. C. Wu, C. H. Chou, Y. O. Su, G. H. Lee, S. M. Peng,
J. Am. Chem. Soc. 2002, 124, 11576–11577.

[17] Since the excitation spectra of 2a is coincident with the absorption
spectra, a possibility that the emission is originated from an impurity
can be ruled out.

[18] Bis-silicon-bridged stilbene derivatives developed by Yamaguchi
and co-workers (ref. [6]) are illustrated as type I, while the double-
silicon-bridge motif presented herein is exemplified as type II.

Received: March 13, 2008
Published online: July 4, 2008

Chem. Asian J. 2008, 3, 1238 – 1247 � 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemasianj.org 1247

Silicon-Bridge Effects on Photophysical Properties of Silafluorenes

http://dx.doi.org/10.1021/cr970070x
http://dx.doi.org/10.1021/cr970070x
http://dx.doi.org/10.1021/cr970070x
http://dx.doi.org/10.1021/cr040707u
http://dx.doi.org/10.1021/cr040707u
http://dx.doi.org/10.1021/cr040707u
http://dx.doi.org/10.1021/cr040707u
http://dx.doi.org/10.1016/S0022-328X(00)87089-8
http://dx.doi.org/10.1016/S0022-328X(00)87089-8
http://dx.doi.org/10.1016/S0022-328X(00)87089-8
http://dx.doi.org/10.1016/S0022-328X(00)87089-8
http://dx.doi.org/10.1021/ol0524499
http://dx.doi.org/10.1021/ol0524499
http://dx.doi.org/10.1021/ol0524499
http://dx.doi.org/10.1002/(SICI)1521-3757(20000502)112:9%3C1672::AID-ANGE1672%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3757(20000502)112:9%3C1672::AID-ANGE1672%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3757(20000502)112:9%3C1672::AID-ANGE1672%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3773(20000502)39:9%3C1602::AID-ANIE1602%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3773(20000502)39:9%3C1602::AID-ANIE1602%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3773(20000502)39:9%3C1602::AID-ANIE1602%3E3.0.CO;2-N
http://dx.doi.org/10.1002/(SICI)1521-3773(20000502)39:9%3C1602::AID-ANIE1602%3E3.0.CO;2-N
http://dx.doi.org/10.1021/om0001523
http://dx.doi.org/10.1021/om0001523
http://dx.doi.org/10.1021/om0001523
http://dx.doi.org/10.1021/om0001523
http://dx.doi.org/10.1016/j.jorganchem.2005.11.054
http://dx.doi.org/10.1016/j.jorganchem.2005.11.054
http://dx.doi.org/10.1016/j.jorganchem.2005.11.054
http://dx.doi.org/10.1007/12_076
http://dx.doi.org/10.1007/12_076
http://dx.doi.org/10.1007/12_076
http://dx.doi.org/10.1007/12_076
http://dx.doi.org/10.1002/pi.1970
http://dx.doi.org/10.1002/pi.1970
http://dx.doi.org/10.1002/pi.1970
http://dx.doi.org/10.1002/1521-4095(20020404)14:7%3C477::AID-ADMA477%3E3.0.CO;2-9
http://dx.doi.org/10.1002/1521-4095(20020404)14:7%3C477::AID-ADMA477%3E3.0.CO;2-9
http://dx.doi.org/10.1002/1521-4095(20020404)14:7%3C477::AID-ADMA477%3E3.0.CO;2-9
http://dx.doi.org/10.1002/1521-3927(20011101)22:17%3C1365::AID-MARC1365%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3927(20011101)22:17%3C1365::AID-MARC1365%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3927(20011101)22:17%3C1365::AID-MARC1365%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3927(20011101)22:17%3C1365::AID-MARC1365%3E3.0.CO;2-B
http://dx.doi.org/10.1016/S0040-6090(99)00997-9
http://dx.doi.org/10.1016/S0040-6090(99)00997-9
http://dx.doi.org/10.1016/S0040-6090(99)00997-9
http://dx.doi.org/10.1021/ja0269587
http://dx.doi.org/10.1021/ja0269587
http://dx.doi.org/10.1021/ja0269587

