412

Chemistry Letters Vol.36, No.3 (2007)

Unique Effects of 2,3,5,6,7,8-Hexasilabicyclo[2.2.2]octan-1-yl Moiety
on Photophysical Properties of m-Conjugated System

Masaki Shimizu,* Tomoaki Kawaguchi, Katsunari Oda, and Tamejiro Hiyama
Department of Material Chemistry, Graduate School of Engineering, Kyoto University,
Katsura Campus, Nishikyo-ku, Kyoto 615-8510

(Received December 6, 2006; CL-061435; E-mail: shimizu@npc05.kuic.kyoto-u.ac.jp)

We prepared 2,3,5,6,7,8-hexasilabicyclo[2.2.2]octan-1-yl-
substituted biphenyl, terphenyl, and tolan, and observed that
introduction of the polysilacage group into arenes induced
bathochromic shifts of absorption maxima and enhancement
of molecular extinction coefficients, compared with the parent
m-conjugated arenes, in addition to increase in fluorescence
quantum yields.

Incorporation of a bicyclo[2.2.2]octane moiety into organic
molecules induces molecular rigidity and enhances thermal sta-
bility. Therefore, such a bicyclic ring is often utilized as a core of
liquid crystalline compounds' as well as a spacer between donor
and acceptor moieties of molecular rods.? In these cases, func-
tions of the cage framework are mainly based on the steric and
insulating effect. On the other hand, UV spectra of 1-phenyl-
2,3,5,6,7,8-hexasilabicyclo[2.2.2]octane 1a prepared by us sug-
gested the possibility of o—7 electronic interaction between a
hexasilabicyclo[2.2.2]octane moiety and a phenyl group at the
bridgehead (Scheme 1).> Hence, the polysilacage group appears
to act as a novel cage framework that induces not only steric but
also electronic effects.* We report herein that synthesis, proper-
ties, and theoretical study of the polysilacage-substituted biphen-
yl 1¢, terphenyl 1d, and tolan 1le, focusing on unique electronic
effects of the polysilacage group toward arenes.

A toluene solution of iodide 1b*® with C¢HsB(OH), or 4-
CgHs5-C¢H4B(OH), in the presence of Pd(PPhs)s (5mol %)
and NaOH aq was stirred at 80 °C for 12h to give biphenyl 1c
or terphenyl 1d in 93 or 87% yield, respectively.’ Tolan le
was prepared from 1b and phenylacetylene in the presence of
Pd(PPh3),Cl, (12mol %) and Cul (21 mol %) in 93% yield.
All products were colorless solids after purification by column

1c:RZ=H (93%)
1d: R2 = Ph (87%)

la:R'=H; 1b: Rt = |

——E-O—=0
Si—ISi
1e (93%)

Scheme 1. Reagents and conditions (Si = SiMe;): a)
C(,HsB(OH)Q (12 equiv.) or 4-C(,H5-C(,H4B(OH)2 (12 equiv.),
Pd(OAc); (6.5 mol %), PPhs (20mol %), Na,COs aq, benzene,
reflux. b) PhC=CH (1.3 equiv.), Pd(PPh3),Cl, (12 mol %), Cul
(21 mol %), Et,NH, rt.
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Figure 1. Absorption spectra of biphenyl, terphenyl, tolan, and
lc-1e measured in cyclohexane (1.0 x 1075 M).

Table 1. Photophysical parameters of biphenyl, terphenyl,
tolan, 1a, and 1c-le

Compound A,/nm? &/M~tem™! Ao /nmP D¢
la 241 17900 — —¢
Biphenyl 247 20500 315 0.18
1c 274 28400 325 0.82
Terphenyl 276 28000 339 0.93
1d 298 38700 360 0.97
Tolan 298 18500 301 0.004

le 320 30200 324 0.17

21,: Absorption maximum of the longest wavelength. PIrradiation was
effected with a UV light (4 = 265 nm), A.: emission maximum of the
strongest fluorescence. “No emission was observed.

chromatography on silica gel.

UV spectra of 1c—1e measured in cyclohexane at room tem-
perature are shown in Figure 1. Absorption maxima of lc-1le
exhibited bathochromic shifts, compared with those of biphenyl,
terphenyl, and tolan, respectively, as summarized in Table 1.
Molecular extinction coefficients were enhanced by substitution
of the cage group. Noteworthy is that absorption spectra of 1c
(green line) is almost identical to that of terphenyl (orange line),
indicating that 0—7 electronic interaction between a hexasilabi-
cyclo[2.2.2]octane and a 7-conjugated moiety is operative.5

Fluorescence spectra of 1c—1e measured in cyclohexane are
shown in Figure 2. Fluorescence quantum yields (®f) of 1c—1e
were larger than those of the parent arenes, respectively
(Table 1). Thus, the cage substitution was found to enhance
@; of arenes. Photophysical data for decay processes of 1¢ and
1d are summarized in Table 2. Incorporation of the cage moiety
into biphenyl or terphenyl was found to shorten the decay time
(7). Thus, fluorescence radiative processes of the arenes were
accelerated by the cage substitution.

Theoretical calculation of HC(SiH,SiH,);C-substituted
biphenyl, terphenyl, and tolan (1¢’-1e’) were carried out by
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Figure 2. Fluorescence spectra of of biphenyl, terphenyl, tolan,
and le-le measured in cyclohexane (1.0 x 1075 M).

Table 2. Decay times (7) and rate constants for fluorescence
decay (k) and nonradiative decay (k,) for biphenyl, terphenyl,
1c, and 1d

Compound T/ns k/107 571 ky /107 571
Biphenyl 16.0 1.1 5.1
1c 1.50 55 12
Terphenyl 0.95 83 23
1d 0.79 123 3.1

Table 3. HOMO and LUMO energies of biphenyl, terphenyl,
tolan, 1¢/, 1d’, and 1€’

LUMO — HOMO

Compound LUMO/eV HOMO/eV

/eV

Biphenyl —0.68 —6.05 5.38
1 —0.92 -5.93 5.02
Terphenyl —1.02 -5.78 4.75
1d’ —1.15 —5.73 4.58
Tolan —1.25 —5.63 4.38
1¢ —1.37 —5.63 4.26

“Calculated at B3LYP/6-31G*//B3LYP/6-31G* level.

Figure 3. LUMO of 1¢'.

DFT method at B3LYP/6-31G*//B3LYP/6-31G* level (Table
3). Introduction of the cage moiety into the arenes lowered
LUMO considerably and slightly raised HOMO, resulting in
narrowing HOMO-LUMO gaps. The results are consistent
with bathochromic shifts of absorption maxima. As shown in
Figure 3, such lowering of LUMOs is presumably attributed
to o*—mr* conjugation between 77* orbital of biphenyl and o*
orbital of the Si—Cyiggenead bond that aligned perpendicular to
the phenyl ring.

In summary, we have demonstrated that 2,3,5,6,7,8-
hexasilabicyclo[2.2.2]octan-1-yl group can be conjugated
with 7T-conjugated system and alter their electronic structures.
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Further studies on preparation and properties of polysilacage
compounds are in progress in our laboratory.
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