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Abstract — Incorporation of 2,2,3,3,5,5,6,6,7,7,8,8-dodecamethyl-2,3,5,6,7,8-
hexasilabicyclo[2.2.2]octan-1-yl moiety into such chromophores as biphenyl,
terphenyl, stilbene, and tolan was found to induce bathochromic shifts of
absorption and fluorescence spectra, compared with those of the parent
chromophores. Moreover, enhancement of the molar extinction coefficients and
the fluorescence quantum yields by the substitution was also observed. These
results indicate that o—7z conjugation between the polysilacage moiety and the
chromophores is operative. Theoretical study of the polysilacage-substituted

chromophores is also presented.

This paper is dedicated to Professor Akira Suzuki in celebration of his 80th
birthday.

INTRODUCTION

Since incorporation of a bicyclo[2.2.2]octane (BCO) moiety into an organic molecule generally impart
molecular rigidity and thermal stability into the resulting molecule, the bicyclic group is often utilized as
a mesogenic core of calamitic liquid crystalline compounds® and a rigid core of molecular rods.2  For
example, 1-alkyl-4-(4-cyanophenyl)bicyclo[2.2.2]octanes were disclosed to exhibit low birefringence,
positive dielectric anisotropy, and higher and wider range of nematic mesophases than the analogs having
a benzene or cyclohexane mesogen in place of the cage-like core.  Silicon is a tetra-coordinate element
like carbon, while carbon—silicon and silicon—silicon o-bonds are much longer than carbon—carbon

o-bonds* and can act as the module of o-conjugation due to the relatively high energy levels of HOMO
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and LUMO of the o-bonds.> Hence, substitution of methylene groups in cycloalkanes by dialkylsilylene
moieties makes the molecular size bigger than the parent one, and is expected to induce unique molecular
rigidity, structure, and electronic property as well as intermolecular interaction in the condensed phases,
different from those of the parent cycloalkanes.  Based on this idea, we have designed
2,2,3,3,5,5,6,6,7,7,8,8-dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octane (HSBCO) as a novel
polysilabicycloalkane (Figure 1)*! and disclosed that 1-alkyl-4-aryl- and 1-alkyl-substituted HSBCO
exhibited columnar mesophases.® Thus the HSBCO derivatives markedly contrasts the corresponding
BCO-based liquid crystalline compounds which exhibit the nematic and/or smectic phases. Another
unique characteristic of HSBCO is that the polysilacage moiety can conjugate with z-conjugated system
introduced at the bridgehead. @ When the 2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl moiety was
introduced into such arenes as biphenyl, terphenyl, and tolan, bathochromic shifts of absorption maxima
and fluorescence maxima as well as the enhancement of molecular extinction coefficients were observed,
compared with the parent arenes.” Thus, the HSBCO moiety was found to act as a novel and unique
cage framework that exhibited not only steric but also electronic effects. We report herein the
preparation, photophysical properties, and theoretical study of HSBCO-substituted biphenyl 1, terphenyl
2, stilbene 3, and tolan 4 in detail (Figure 2).
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Figure 1. Bicyclo[2.2.2]octane (BCO) and 2,3,5,6,7,8-hexasilabicyclo[2.2.2]octane (HSBCO).
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Figure 2. HSBCO-substituted biphenyl 1, terphenyl 2, stilbene 3, and tolan 4.
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RESULTS AND DISCUSSION

Preparation of HSBCO-substituted arenes

HSBCO-substituted arenes 1-4 were prepared from 1-(4-iodophenyl)-substituted HSBCO® by use of
palladium-catalyzed coupling reactions as shown in Scheme 1. Treatment of 1-phenyl-HSBCO with
iodine in the presence of CF3CO,Ag in CHCI; at room temperature gave the iodophenyl derivative in
88% yield." HSBOC-substituted biphenyl 1 and -terphenyl 2 were synthesized by the Suzuki-Miyaura
coupling reaction of the iodide with the corresponding arylboronic acids in excellent yields.'t The Heck
reaction of styrene and the iodide gave trans-stilbene 3 as a single stereoisomer in 51% yield. Tolan 4
was obtained in excellent yield by the Sonogashira coupling of phenylacetylene and the iodide in the
presence of Pd(PPh;),Cl, and copper iodide as the catalysts. The HSBCO moiety tolerated all the basic

reaction conditions. Products 1-4 were purified by column chromatography on silica gel and stable in
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Scheme 1. Reagents and conditions: a) I, CF3CO,Ag, CHCls, rt; b) C¢HsB(OH), (1.2 equiv), Pd(OAc),
(6.5 mol%), PPh; (20 mol%), aq. Na,COs, benzene, reflux; c) 4-CcHs—CsH4sB(OH), (1.2 equiv),
Pd(OAc), (6.5 mol%), PPh; (20 mol%), aq. Na,COs, benzene, reflux; d) PhCH=CH, (2.9 equiv),
Pd(OAc), (26 mol%), P(o-tolyl); (54 mol%), NEt;, DMF, 100 °C; e) PhCCH (1.3 equiv), Pd(PPh;),Cl,
(12 mol%), Cul (21 mol%), Et,NH, rt

UV absorption spectra of HSBCO-substituted arenes
UV absorption spectra of 1-4 are shown in Figures 3 and 4, and the photophysical properties are

summarized in Table 1, together with those of biphenyl, terphenyl, stilbene, and tolan for comparison,

respectively. UV spectra were measured in cyclohexane upon irradiation with a UV light (4 = 265 nm).
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As can be seen in Figures 3 and 4, substitution of HSBCO moiety into arenes increased the molecular
extinction coefficients considerably and induced the red-shift of absorption spectra in comparison with
the parent arenes, while the vibrational structures of 1-4 were almost similar with those of the parent
arenes. Noteworthy is that absorption spectra of 1 was almost identical to that of terphenyl. These
results indicates that o~z (o*—7*¢) electronic interaction between the HSBCO moiety and the

z-conjugated arenes is operative which leads to the decrease of the HOMO-LUMO gaps.'*

Table 1. Photophysical properties of 1-7, biphenyl, terphenyl, stilbene, and tolan.”

Compound Aabs (Nm)° eM ' em™) Aem (nm)© s
Biphenyl 247 20500 315 0.18
1 274 28400 325 0.82
Terphenyl 276 28000 339 0.93¢
2 298 38700 360 0.97
Stilbene 296 23800 316 0.042
3 327 46200 373 0.18
Tolan 298 18500 301 0.004
4 320 30200 324 0.17
5 315 29300 332 0.042
6 310 29100 327 0.014
7 309 27600 323 0.007

a) Measured in cyclohexane (1 x 10 M) at room temperature upon UV irradiation (265 nm).

b) Absorption maxima of the longest wavelength.

¢) Emission maxima of the strongest fluorescence.

d) Fluorescence quantum yields determined using terphenyl as a standard (Handbook of Fluorescence
Spectra of Aromatic Molecules, Second Edition, I. B. Berlman, Academic Press, New York, 1971, p.
220).
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Figure 3. UV absorption spectra of 1, 2, biphenyl, and terphenyl measured in cyclohexane (1 x 10~ M).

Fluorescence spectra of HSBCO-substituted arenes
Fluorescence spectra of 1-4 are shown in Figures 5 and 6, together with those of biphenyl, terphenyl, and

stilbene for comparison (the spectrum of tolan is not shown due to the extremely low intensity and
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Figure 4. UV absorption spectra of 3, 4, stilbene, and tolan measured in cyclohexane (1 x 10° M).

quantum yield). The substitution by HSBCO led to the bathochromic shift of the emission spectra and
the maxima by 10 to 20 nm, but did not affect the vibronic fine structures of the spectra. Moreover, the
quantum yields (@) of 1-4 were higher than those of the parent arenes, as summarized in Table 1. For
example, @ of 1 and 4 were 4.6 and 43 times larger than those of biphenyl and tolan, respectively. Thus,

HSBCO was found to dramatically enhance @& of arenes.

10 terphenyl

biphenyl

Normalized intensity

270 320 370 420
wavelength/nm

Figure 5. Fluorescence spectra of 1, 2, biphenyl, and terphenyl measured in cyclohexane (1 x 10~ M).

To gain insight into the effect of HSBCO on the photophysical properties of arenes, we examined
fluorescence decay of 1 and 2. The results are illustrated in Figure 7. Biphenyl 1 showed the decay
time of ¢ = 1.50 ns, 11-fold shorter than that of biphenyl ( z = 16 ns), while the decay time of 2 ( 7 =
0.79 ns) was slightly shorter than that of terphenyl ( z = 0.95 ns). The radiative rate (kf) of 1 was 55 x
10" s™', which was 50 times faster than that of biphenyl (k= 1.1 x 10" s°'), whereas the nonradiative rate

(ky) of 1 (12 x 10’ s’l) was only 4-fold as compared with that of biphenyl (5.1 x 10’ s_l). On the other
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Figure 6. Fluorescence spectra of 3, 4, and stilbene measured in cyclohexane (1 x 107 M).

hand, the HSBCO substitution into terphenyl (kr = 83 x 10" s™'; ky = 23 x 10" s'') induced slight
enhancement of the radiative rate (k= 123 x 10’ s ) and considerable decline of the nonradiative rate (k,
=3.1x 10’ s). Therefore, the introduction of the HSBCO moiety into arenes apparently results in
enhancement of radiative rates, whereas the substitution effect on nonradiative rate of arenes is found to

vary depending on the kinds of the parent arenes.
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Figure 7. Radiative and nonradiative rates of 1, 2, biphenyl, and terphenyl.

Photophysical properties of silylmethyl-substituted tolans

To disclose the features of the HSBCO group as a o-conjugation module, UV absorption and
fluorescence spectra of related silylmethyl-substituted tolans 5—7 (Figure 8) were measured as shown in
Figures 9 and 10, together with those of 4 and the results are summarized in Table 1.
HSBCO-substituted tolan 4 and model compounds 5—7 showed absorption spectra with vibrational fine
structures similar to that of tolan. As compared with tolan, the absorption spectra red-shifted in the
order of 7<6 <5<4. Thus, a tris(trimethylsilyl)methyl group that contains a silylmethyl moiety triply

conjugates with the 7~conjugated system of tolan more effectively than a single silylmethyl group (5 vs
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Figure 8. Silylmethyl-substituted tolans 5-7.

7). Meanwhile, the comparison of 6 and 7 reveals that a pentamethyldisilanyl group at the benzylic
position is more beneficial to the extension of the conjugation length than a trimethylsilyl group.
Consequently, the electronic effect of the HSBCO group seems to originate from the structural
characteristic that the cage framework consists of triple disilanyl groups. The fluorescence quantum
yields increased in the same order (Table 1). Considering that the orthogonal arrangement of
carbon-silicon o-bond and 7conjugated plane is favorable for attaining effective o7 (o*—m*)
conjugation, the trend may be closely related to the probability of conformers in which a carbon—silicon
o-bond orients perpendicular to the benzene ring of arenes (conformation A) or one carbon—silicon
o-bond locating in plane and two carbon—silicon o-bonds above and below the 7-plane (conformation B)

(Figure 11).
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Figure 9. UV absorption spectra of silylmethyl-substituted tolans 47 measured in cyclohexane.
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Figure 10. Fluorescence spectra of silylmethyl-substituted tolans 4-7 measured in cyclohexane.
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Figure 11. UV absorption spectra of silylmethyl-substituted tolans 4-7 measured in cyclohexane.

Molecular orbital calculation

Molecular orbital calculation of model compounds 1’4’ in which SiMe, group in 1-4 were replaced by
SiH,, respectively (Figure 12), was performed by the density functional theory (DFT) method at the
HF/6-31G(d)//B3LYP/6-31G(d) level using the Gaussian 98 package.> The results on HOMO and
LUMO energy levels are summarized in Figure 13, and calculated HOMO and LUMO orbitals are
visualized in Figure 14. It is obvious that HOMO level of 1’ is raised by 0.20 eV as compared with
biphenyl, while LUMO level is lowered by 0.50 eV. Thus, the energy gap between HOMO and LUMO
became narrow, resulting in red-shift of absorption spectrum/maxima of 1 as compared with biphenyl.
HOMO of 1’ is not only localized on the biphenyl moiety, but also is extended to two Si—C(bridgehead)

o -bonds, suggesting that the rise of HOMO energy originates from o - 7 conjugation (Figure 14). On

the other hand, LUMO of 1' delocalizes over the biphenyl moiety and the C—C o-bond connecting

HSBCO and biphenyl. This reflects mixing of the arene #* orbital and two Si-C(bridgehead) o *
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Figure 12. Model compounds 1'—4'.
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Figure 13. Diagram of HOMO and LUMO energy levels of 1'—4’, biphenyl, terphenyl, stilbene, and
tolan (HF/6-31G(d)//B3LYP/6-31G(d) level).
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Figure 14. HOMO and LUMO orbitals of 1'-4’ (HF/6-31G(d)//B3LYP/6-31G(d) level).
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orbitals. Thus, the lower-lying LUMO energy level of 1’ is attributed to o *- z* conjugation. The
HSBCO effect on the HOMO and LUMO behaviors was observed with 2’-4’. Therefore, HSBCO
moiety is disclosed to participate in electronic communication with an aryl group at the bridgehead via

both o-7 and o *- z* conjugation.

CONCLUSION

We have synthesized 2,3,5,6,7,8-hexasilabicyclic[2.2.2]octan-1-yl (HSBCO)-substituted biphenyl,
terphenyl, stilbene, and tolan from a HSBCO-substituted iodobenzene using Pd-catalyzed coupling
reactions. UV absorption and fluorescence spectra of HSBCO-substituted arenes exhibited a
bathochromic shift compared with the parent arenes. The incorporation of HSBCO moiety also resulted
in the enhancement of molecular extinction coefficients and fluorescence quantum yields. Thus, the
electronic communication between the HSBCO moiety and 7z-conjugated systems is demonstrated.
Theoretical calculations suggest that the HSBCO group contributes to the rise of HOMO levels via o-7
conjugation as well as lowering LUMO levels via o*-7* conjugation. These results demonstrate that the

HSBCO moiety can serve as a useful o -conjugation module to improve optical and/or electronic

properties of the parent 7-conjugated systems.

EXPERIMENTAL

Melting points were determined using a Seiko Instrument Inc. DSC6200. 'H NMR spectra were
measured on a JEOL EX270 (270 MHz), JMN ECP-500 (500 MHz), a Varian Mercury 200 (200 MHz),
300 (300 MHz), and 400 (400 MHz) spectrometers. The chemical shifts of 'H NMR are expressed in

parts per million downfield relative to the internal tetramethylsilane (6 = 0 ppm) or chloroform—d (6 =
7.26 ppm), benzene—ds (0 = 7.16 ppm). Splitting patterns are indicated as s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet; brs, broad singlet. BC NMR spectra were measured on a JEOL EX270
(68 MHz), JMN ECP-500 (125 MHz), a Varian Mercury 200 (50 MHz), 300 (75 MHz), and 400 (100
MHz) spectrometers with tetramethylsilane as an internal standard (§ = 0 ppm) or chloroform—d (§ =
77.0 ppm), benzene—ds (6 = 128.4 ppm). *’Si NMR spectra were measured on a JEOL EX270 (54
MHz), JMN ECP-500 (99 MHz), and a Varian Mercury 400 (80 MHz) spectrometer with
tetramethylsilane as an internal standard (0 = 0 ppm). Chemical shift values are given in parts per
million downfield relative to the internal standard. UV absorption and fluorescence spectra were
measured at room temperature in a l-cm quartz cell with Shimadzu UV-2100PC and Shimadzu
RF-5300PC spectrometers, respectively. Spectral grade cyclohexane was degassed by Ar bubbling for
20 min. Infrared spectra (IR) were recorded on a Shimadzu FTIR-8400 spectrometer. GC-MS

analyses were performed with a JEOL JMS-700 spectrometer by electron ionization at 70 eV.
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FAB-MS analyses were performed with a JEOL JMS-HXI110A spectrometer with 3-nitrobenzyl alcohol
or thioglycerol matrix. TLC analyses were performed by means of Merck Kieselgel 60 Fjs4, 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
chromatograph equipped with 5SL-II columns (hexane and ethyl acetate as an eluent). THF, Et,O,
CHCI;3, and TMEDA were distilled before use under an argon atmosphere. All the manipulation of

oxygen- and moisture-sensitive materials was carried out under an argon atmosphere.

4-(2,2,3,3,5,5,6,6,7,7,8,8-Dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl)iodobenzene

To a suspension of (2,2,3,3,55,6,6,7,7,8,8-dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan
-1-yl)benzene® (0.18 g, 0.40 mmol) and silver trifluoroacetate (0.11 g, 0.57 mmol) in CHCls (10 mL) was
added dropwise a CHCI3; (8 mL) solution of iodine (0.12 g, 0.47 mmol) at room temperature. The
mixture was stirred for 2 h, when the reaction was completed as evidenced by TLC. Insoluble materials
were filtered off. The residue was extracted with sat. ag. Na,S;03 (15 mL x 3) and dried over anhydrous
magnesium sulfate before concentration in vacuo. The residue was purified by column chromatography
on silica gel (eluent, hexane) to give 1-(4-iodophenyl)-substituted HSBCO (0.20 g, 88 % yield) as
colorless solid. Mp 269-270 °C. R 0.40 (hexane). *H NMR (270 MHz, CDCls) & 0.24 (s, 18H),
0.26 (s, 18H), 7.03 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H); **C NMR (67.8 MHz, CDCls) § 2.3, 3.0,
3.4, 21.2, 88.1, 132.6, 136.7, 143.0; °Si NMR (54 MHz, CDCls) § —21.1, —20.4; IR (KBr): 2982, 2943,
2895, 2841, 1479, 1387, 1256, 1151, 1076, 1001, 968, 878, 849, 812, 712, 679, 644, 594, 505, 428 cm™;
MS (FAB) m/z 577 (M*+1), 576 (M*). HRMS (FAB) Calcd for CyoHalSis: M*, 576.0869. Found:
576.0842. Acceptable data of elemental analysis were not obtained presumably due to the incomplete
combustion caused by the existence of multiple silicon atoms. This is also true of the other compounds.
4-(2,2,3,3,5,5,6,6,7,7,8,8-Dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl)biphenyl (1): To
a mixture of Pd(OACc), (1.5 mg, 6.5 umol), PPh3 (5.1 mg, 20 umol), PhB(OH), (15 mg, 0.12 mmol), and
1-(4-iodophenyl)-substituted HSBCO (58 mg, 0.10 mmol) were added benzene (2 mL), 0.25 M aq.
Na,CO3 (0.6 mL), and water (0.4 mL). The mixture was stirred at 80 °C for 4 h before quenching with
sat. aq. NaCl (25 mL). Thereafter, Et,O (50 mL) was added and the separated ag. phase was extracted
with Et,O (50 mL x 2). The combined organic layer was washed with sat. ag. NaCl (80 mL) and dried
over anhydrous magnesium sulfate, and concentrated in vacuo to afford a crude product, which was
purified by column chromatography on silica gel, giving rise to 1 (59 mg, 93% vyield) as colorless solid.
Mp 292 °C. R;0.24 (hexane). ‘H NMR (200 MHz, CDCl3) & —0.02 (s, 1H), 0.27 (s, 18H), 0.29 (s,
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18H), 7.20-7.70 (m, 9H); *C NMR (68 MHz, CDCls) & 0.6, 2.5, 3.6, 6.6, 126.1, 126.5, 126.6, 128.6,
130.8, 131.1, 140.6, 142.1; ®Si NMR (54 MHz, CDCls) & —21.2, —20.4; IR (KBr): 3030, 2984, 2943,
2893, 2852, 1603, 1485, 1253, 1157, 1072, 968, 881, 856, 812, 735, 714, 692, 679, 613, 592 cm™; MS
(FAB) m/z 526 (M%), 527 (M*+1). HRMS (FAB) Calcd for CysHaeSis: M*, 526.2215. Found:
526.2213.
4-(2,2,3,3,5,5,6,6,7,7,8,8-Dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl)terphenyl (2): To
a mixture of Pd(OAc); (2.0 mg, 9.1 umol), PPh3 (7.0 mg, 0.027 mmol), 4-biphenylboronic acid (35 mg,
0.174 mmol), and 1-(4-iodophenyl)-substituted HSBCO (80 mg, 0.139 mmol) were added benzene (3
mL), 0.25 M ag. Na,CO3 (0.9 mL), and water (0.6 mL). The mixture was stirred at 80 °C for 4 h before
quenching with sat. ag. NaCl (25 mL) and diluted with Et,O (50 mL). The separated aqueous phase was
extracted with diethyl ether (50 mL x 2). The combined organic layer was washed with sat. aq. NaCl (80
mL) and dried over anhydrous magnesium sulfate, and concentrated in vacuo to afford a crude product,
which was purified by column chromatography on silica gel, giving rise to 2 (72 mg, 87% vyield) as
colorless solid. Mp 299 °C. R;0.12 (hexane). ‘H NMR (200 MHz, CDCl3)  —0.02 (s, 1H), 0.27 (s,
18H), 0.30 (s, 18H), 7.30—7.80 (m, 13H); **C NMR (68 MHz, CDCls) & 1.1, 2.5, 3.6, 6.6, 126.0, 126.8,
126.9, 127.3, 128.7, 130.8, 131.1, 134.9, 139.3, 139.5, 140.6, 142.3; °Si NMR (54 MHz, CDCl3) 6 —21.1,
—20.3; IR (KBr): 3030, 2982, 2945, 2895, 2851, 1599, 1483, 1440, 1255, 1157, 1065, 968, 881, 814, 764,
746, 725, 712, 696, 679, 594 cm™; MS (FAB) m/z 602 (M"), 603 (M*+1). HRMS (FAB) Calcd for
Ca2Hs0Sis: M7, 602.2528.  Found: 602.2509.
(E)-1-{4-(2,2,3,3,5,5,6,6,7,7,8,8-Dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl)phenyl}-2-
phenylethene (3): All the manipulation was carried out in the dark (when the reaction was carried out
without shading, the product was obtained as an E/Z mixture). To a N,N-dimethylformamide (2.4 mL)
mixture of 1-(4-iodophenyl)-substituted HSBCO (0.15 g, 0.27 mmol), palladium acetate (16 mg, 0.071
mmol), tri-o-tolylphosphine (44 mg, 0.15 mmol) and triethylamine (0.29 mL) was added styrene (90 uL,
82 mg, 0.79 mmol). The reaction mixture was stirred at 100 °C before quenching with water (10 mL).
To the mixture was added CH,Cl, (40 mL), and the separated aqueous phase was extracted with CH,Cl,
(15 mL x 3). The combined organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo to afford a crude product, which was purified by column chromatography on silica
gel (eluent, hexane) followed by preparative GPC to give 3 (93 mg, 63% vyield) as colorless solid. Mp
272 °C. R;0.30 (hexane). 'H NMR (270 MHz, CDCls) 8 —0.02 (s, 1H), 0.27 (s, 18H), 0.28 (s, 18H),
7.07 (s, 2H), 7.20-7.44 (m, 7H), 7.46-7.54 (m, 2H); *C NMR (68 MHz, CDCls) & 2.5, 3.2, 3.6, 21.8,
125.8,126.2, 127.1, 127.1, 128.5, 128.5, 130.7, 132.2, 137.6, 142.9; ?°Si NMR (54 MHz, CDCl3) 6 —21.1,
—20.3; IR (KBr): 3024, 2982, 2943, 2895, 2841, 1630, 1595, 1502, 1448, 1406, 1383, 1256, 1151, 964,
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814, 752, 712, 691, 679, 664, 652, 594, 552, 542 cm™; MS (FAB) m/z 552 (M*). HRMS (FAB) Calcd
for CagHgSie: M*, 552.2372.  Found: 552.2368.
1-(2,2,3,3,5,5,6,6,7,7,8,8-Dodecamethyl-2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl)-4-(phenylethyny
l)benzene (4): To a mixture of 1-(4-iodophenyl)-substituted HSBCO (60 mg, 0.11 mmol), Pd(PPh3),Cl,
(8.8 mg, 0.013 mmol), and diethylamine (12 mL) was added successively copper iodide (4.1 mg, 0.022
mmol) and ethynylbenzene (15 uL, 0.14 mmol) under an argon atmosphere at room temperature. The
resulting mixture was stirred at room temperature for 2.5 h.  The progress of the reaction was monitored
by thin layer chromatography. The reaction mixture was concentrated by evaporation of diethylamine
under reduced pressure and the residue was dissolved in water. The aqueous solution was extracted with
benzene. The combined organic layer was dried over anhydrous magnesium sulfate and concentrated in
vacuo. The residue was purified by column chromatography on silica gel to give 4 (53 mg, 93% yield)
as colorless solid. Mp 296.5-297.0 °C. Rs 0.30 (hexane). *H NMR (500 MHz, CDCls) & —0.02 (s,
1H), 0.261 (s, 18H), 0.266 (s, 18H), 7.26-7.36 (m, 5H), 7.38-7.42 (m, 2H), 7.50-7.53 (m, 2H); *C NMR
(68 MHz, CDCl3) 6 2.3, 3.0, 3.4, 22.2, 89.1, 89.6, 117.8, 123.7, 127.9, 128.3, 130.5, 131.0, 131.5, 144.1;
2Si NMR (99 MHz, CDCl3) 6 —20.5, —19.8; IR (KBr): 2941, 2895, 1595, 1506, 1256, 1161, 1136, 964,
858, 814, 752, 712, 679, 652, 594, 550 cm™; MS (FAB) m/z 551 (M*+1), 550 (M*). HRMS (FAB)
Calcd for CpgHaeSig: M™, 550.2215.  Found 550.2219.

Silylmethyl-substituted tolans 5-7 were prepared in a manner similar to the procedure for 4.
1-Tris(trimethylsilyl)methyl-4-(phenylethynyl)benzene (5): 97% vyield. Colorless solid, mp
82.0-83.0 °C. Ry 0.50 (hexane). H NMR (500 MHz, CDCl3) & 0.25 (s, 27H), 7.30—7.45 (m, 7H),
7.52—7.56 (m, 2H); BC NMR (125 MHz, CDCl3) 6 4.1, 22.3, 89.1, 89.5, 118.0, 123.6, 128.0, 128.3, 130.7,
131.41, 131.48, 144.4; **Si NMR (99 MHz, CDCls) 6 1.8; IR (KBr): 2955, 2901, 1595, 1506, 1443, 1408,
1256, 1155, 1130, 1070, 1018, 866, 760, 677, 646, 619, 542, 519, 430 cm™; MS (FAB) m/z 409 (M*+1),
408 (M*). HRMS (FAB) Calcd for Ca4H35Sis: M*, 408.2125.  Found 408.2125.
1-(Pentamethyldisilyl)methyl-4-(phenylethynyl)benzene (6): 95% yield.  Colorless solid, mp
64.4-65.0 °C. R;0.30 (hexane). s 'H NMR (500 MHz, CDCl5) & 0.036 (s, 6H), 0.041 (s, 9 H), 2.19 (s,
2H), 6.99 (d, J = 8.3 Hz, 2H), 7.30—7.37 (m, 3H), 7.41 (d, J = 8.2 Hz, 2H), 7.51-7.55 (m, 2H); *C NMR
(125 MHz, CDCl3) 6 4.3, —2.2, 25.1, 88.5, 89.8, 118.5, 123.6, 127.9, 128.0, 128.3, 131.5, 141.5; 2gj
NMR (99 MHz, CDCl3) 6 —16.1, 18.9; IR (KBr): 2949, 2891, 2212, 1593, 1508, 1495, 1443, 1402, 1246,
1205, 1142, 835, 802, 787, 752, 731, 691, 610, 544, 525, 503 cm™; MS (FAB) m/z 323 (M*+1), 322 (M").
HRMS (FAB) Calcd for CoH26Siz: M*, 322.1573.  Found 322.1578.
1-(Trimethylsilyl)methyl-4-(phenylethynyl)benzene (7): 70% yield. Colorless oil. R 0.30 (hexane).
'H NMR (500 MHz, CDCl5) § 0.01 (s, 9H), 2.12 (s, 2H), 6.99 (d, J = 7.9 Hz, 2H), 7.30—7.45 (m, 5H),
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7.50-7.60 (m, 2H); *C NMR (125 MHz, CDCls) § —1.8, 27.6, 88.5, 89.8, 118.5, 123.5, 127.8, 127.9,
128.2, 131.35, 131.38, 141.3; %Si NMR (99 MHz, CDCls)  —1.6; IR (neat): 2953, 2893, 2216, 1595,
1510, 1491, 1443, 1412, 1250, 1209, 1151, 1078, 851, 754, 691, 596, 544, 523, 502, 415 cm™; MS (FAB)
m/z 265 (M*+1), 264 (M*). HRMS (FAB) Calcd for C1gHySi: M*, 264.1334.  Found 264.1342.
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