
In the last three decades, much attention has been focused on
the photochemical reactions of group 14 element compounds
because of their characteristic properties and reactivities.1–3

Kira and Sakurai have previously reported the photo-
rearrangement of benzyltrimethylsilane (1a) and (acyloxy)-
methyl-substituted benzylsilanes via C–Si photo-cleavage.4

Very recently, Hiratsuka et al. have clarified the photophysical
and photochemical processes of 1a at 77 K and the molecular
structure of its excited state by MNDO-PM3 calculations.5

However, little is known about the synthesis and photochemi-
cal behaviour of 2,2’-silaspirobiindan and its related group 14
element compounds,6 although spiro conjugated compounds
having two perpendicular π-electron systems have been
widely investigated.7–9 We now report the synthesis and pho-
tochemical behaviour of 2,2’-sila- and germa-spiro com-
pounds and their related compounds. 

The benzyl-substituted silanes (1a–d) and the spirocom-
pounds 2a–cwere prepared by the Grignard method or the lit-
erature method (see Scheme 1).6,10 For example,
2,2’-silaspirobiindan 2b was obtained by treatment of the
Grignard reagent of o-xylylenedichloride with tetrachlorosi-
lane in THF in a 52 % isolated yield.11 The product was puri-
fied by flash column chromatography on silica gel using
hexane eluent and repeated recrystallisation from methanol.
Similarly the related group 14 element compounds were syn-
thesised in good yields. The results are summarised in Table 1.

The structures of these spiro compounds were determined by
their spectral properties. The benzylic protons of 2a–cshowed
singlets at δ 2.97, 2.31, and 2.54 ppm, respectively. These val-
ues are similar to those of 1,2-diphenylethane (δ 2.88 ppm),
1a (δ 2.00 ppm), and benzyltrimethylgermane (δ 2.22 ppm).
The UV spectra of 2a–c did not show anyπ–π interaction
between two benzene rings. From these results, both π−ring
systems should be mutually perpendicular and not interact

with each other. In fact, the two benzene rings are almost per-
pendicular from the X-ray crystallographic analysis of 2c.12

The spiro compounds 2a–cin cyclohexane showed almost the
same fluorescence maximum at 291 ± 2 nm, although the relative
intensity decreased in the order 2a > 2b > 2c. The fluorescence
lifetimes of 2a–cin cyclohexane are 9.6, 6.3, and < 1 ns, respec-
tively. The lifetime of 2b is quite similar to those of 2,2-dimethyl-
2-silaindan (6.2 ns) and o-bis(trimethylsilylmethyl)benzene (7.4
ns). These results clearly show that (1) the mutually perpendic-
ular π–aryl systems do not interact with each other, (2) the weak
fluorescence and the shorter lifetime of 2care attributable to the
heavy atom effect of the germanium atom. 

The fluorescence intensity of 2b in cyclohexane was ca. 4
times stronger than that of 1a, which was intramolecularly
quenched by the trimethylsilyl group.5 In addition, the
monomer fluorescence intensity of 1a–d at 290 nm decreased
with increase of the number of benzyl groups, accompanying
an increase of the excimer fluorescence at 345 nm (Figure 1).

It is well-known that group 14 element compounds act as
excellent electron donors in the photoinduced electron transfer
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Scheme 1

Fig. 1 Fluorescence spectra of 1a–d and 2b in cyclohexane: A,
2b; B, 1a; C, 1b; Dm 1c; E, 1d; [1a–d] = [2b] = 4.4 × 10–4 mol/dm3



reactions.3b Therefore, we have examined the photochemical
behaviour of 2a–c in the presence of 1,4-dicyanonaphthalene
(DCN).13

The fluorescence of DCN in cyclohexane was efficiently
quenched by 2b-c. In the case of 2b, an exciplex emission was
observed, accompanied by an isoemissive point at 390 nm.
However, the fluorescence of DCN was not quenched appre-
ciably by 2a, but shifted to longer wavelength. The shifted
emission is due to an exciplex emission between DCN and 2a,
and this is supported by its longer lifetime (15.0 ns) compared
with that of DCN (2.1 ns) in cyclohexane.14

In conclusion, we have demonstrated the characteristic pho-
tochemical and spectral properties of 2,2’-silaspirobiindan
(2b) and its related compounds compared with ben-
zyltrimethylsilane (1a).

Experimental 
1H and 13C NMR spectra were recorded on a JEOL JNM-GX270
(270MHz) spectrometer for solution in CDCl3. Infrared spectra was
obtained on JASCO FT/IR-230 spectrometer, fluorescence spectra on
a JASCO FP-500 spectrofluorimeter, and fluorescence lifetime on a
HORIBA NAES-550 nanosecond fluorimeter.

2, 2’-Silaspirobiindan (2b): In a 300ml. three-necked, round-
bottomed flask, equipped with a reflux condenser and a dropping fun-
nel, were placed 1.50 g (61.7 mmol) of magnesium powder and 20ml
of dry THF, and were cooled to 0°C. A solution of 2.51 g (14.3 mmol)
of o-xylylenedichloride and 1.18 g (6.95 mmol) of tetrachlorosilane
in 150 ml of THF was added dropwise over 2 h, and the mixture was
stirred for 2 h at room temperature, and then was refluxed over night.
After the usual work-up, the crude product was purified by column
chromatography on silica gel (eluent hexane), and was recrystallized
from methanol to give 0.85 g (3.61mmol, yield 52%) of 2b.: m.p.
79–80°C; 1H NMR (270 MHz, CDCl3) δ 2.31(s, 8H), 7.11 (dd, 4H,
J=5.5, 3.7Hz), 7.27 (dd, 4H. J=5.5, 3.7Hz); 13C NMR (67 MHz,
CDCl3) δ 19.4, 125.9, 141.6; IR(KBr) 794, 845, 1128, 1210, 1475,
2894, 3010, 3053 cm–1; UV(C6H12) λmax= 277 nm (ε 2810). Anal
Calcd for C16H16Si: C, 81.55; H, 6.80. Found: C, 81.30; H, 6.82.
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Table 1 Synthesis of benzylsilanes and spiro compounds and their spectral and physical properties

Compound M.p./°C Yield/% 1H NMRa 13C NMRa UVb Fluorescenceb Lifetimeb

(B.p./°C) δ CH2/ppm δ CH2/ppm λmax/nm (e) λmax/nm τ/ns

1a (190–191) 77 2.09 27.4 267.5 (560) 285 ndc

1b 56–58 70 2.10 25.6 267.5 (940) 285, 335 ndc

1c 96–97 43 2.11 23/6 267.5 (1300) 285, 335 ndc

1d 124–125 40 2.10 21.8 267.5 (1800) 285, 335 ndc

2ad 55–56 30 2.97 45.8 274 (2210) 289 9.6
2b 79–80 52e 2.31 19.4 277 (2810) 293 6.3
2c 130–131 30e 2.54 20.8 277 (2010) 292.5 0.4
2d 171 (decomp)f 31f 2.21f 16.9f nrg nrg nrg

aIn CDCl3 using TMS as an internal standard. bIn aerated cyclohexane. cNot determined. dC.f. ref. 10. eIsolated yields based on SiCl4
and GeCl4 used. fData from ref. 6. gThe spectra data were not reported.


