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An absorption and emission spectroscopic study of an
inclusion complex of permethyldecasilane (1) with g-cyclodex-
trin in water has shown that the silicon main chain of 1 has an all-
trans rod-like conformation in the hydrophobic cavities of g-
cyclodextrin at room temperature.

Linear-chain polysilane polymers whose main chains are
constructed by catenated silicon atoms are known to show unique
optoelectronic properties such as remarkable thermochromic
behavior.1 For instance, while poly(dihexylsilylene) exhibits an
intense absorption band at 315 nm at 25 �C, upon cooling below
ca. �30 �C, the absorption bandwidth becomes much narrower
and the maximum shifts to 355 nm.2 Similar thermochromic
behavior has been observed for long-chain linear oligosilanes.3;4

The origin of the thermochromism and other chromic behavior of
linear polysilanes and long-chain linear oligosilanes is usually
ascribed to the conformational transition of the siliconmain chain
from a random coil to a rod form.5 Recent studies of the optical
properties of conformationally fixed oligosilanes by Michl et al.6

and Tamao et al.7 have presented a more detailed description of
the relationship between the main-chain conformation of linear
oligosilanes and the optical properties.

Very recently, Harada et al. reported the synthesis and
structure of inclusion complexes of permethylpolysilanes with
cyclodextrins.8;9 Here we report the absorption and emission
spectroscopic behavior of an inclusion complex of permethylde-
casilane [1, Me(SiMe2)10Me] with g-cyclodextrin (g-CD), in-
dicating that the silicon main chain of 1 penetrating three g-CD
rings per a decasilane adopts an all-trans rod-like conformation in
water.

When a heterogeneous mixture of a powder of 1
(9:0� 10�5mol)10 and g-CD (8:9� 10�4mol) in water
(5.0mL) was stirred at room temperature for 2 days, a
homogeneous suspension formed. The solid particles were
collected by filtration and washed with water and then THF to
remove excess g-CD and free 1. Drying the residual under
vacuum gave a complex of 1 with g-CD (1/g-CD) as a white
powder in 55%yield.11 Themol ratio of g-CD to 1 in the inclusion
complex was determined by a 1HNMR spectrum in a pyridine-d5
solution. On the basis of the intensity ratio of the peaks at
5.71 ppm (C1-protons of g-CD) to those at 0.14–0.33 ppm
(methyl protons of permethyldecasilane), one molecule of 1
penetrated three g-CD molecules.12 The result is in good
accordance with that obtained by Harada et al.9 They have shown
that three silylene units corresponds to the cavity depth of a g-CD
molecule by analyzing the 1H NMR spectra of permethylpoly-
silane/g-CD inclusion complexes. No complex formation of 1
witha- andb-cyclodextrinswere observed. As shown in Figure 1,
the cavity size of g-CD (the narrower caliber, 8.5 �A) is large

enough to be penetrated by 1 with an all-trans rod structure (a
rough diameter of a section of the rod, ca. 6 �A), while the sizes of
the a- and b-CD cavities are too small for 1 to penetrate the
cavities.

The formation of complex 1/g-CD was evidenced by a solid-
state CP-MAS 13C NMR study. While the 13C resonances of C1
and C4 of g-CD appear usually as multiplets because of the partly
distorted glucose rings of an uncomplexed g-CD (Figure 2a), the
corresponding resonances of the inclusion complex were ob-
served as two singlets (Figure 2b), showing that all the glucose
rings of g-CD are equivalent in the complex. These results support
that g-CDmolecules form a channel-type complexwith 1. Similar
spectral changes have been observed for various inclusion
complexes of CDs with linear polymers such as poly
(dimethylsiloxane).13

Decasilane 1was insoluble but 1/g-CDwas slightly soluble in
water (up to ca. 10�6M), and hence, UV absorption and
fluorescence spectra of the complex in water were successfully

Figure 1. Structures of g-CD and permethyldecasilane (1).

Figure 2. CP-MAS 13C NMR spectra of (a) g-CD and (b) 1/g-
CD.
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recorded. In a previous paper, we have shown that the UV
spectrum of 1 is remarkably temperature dependent in 3-
methylpentane;5b as shown in Figure 3, a broad absorption band
at 282 nm at room temperature red-shifts to 294 nm with a
narrower bandwidth at 77K. The absorption spectrum of 1/g-CD
inwater at room temperature was remarkably different from those
of 1 in 3-methylpentane; the absorption maximum for 1/g-CD
(299 nm) red-shifted 17 nm and 5 nm from those for 1 at room
temperature and 77K, respectively, and the bandwidth for 1/g-
CD was comparable with that for 1 at 77K. The characteristic
spectral feature of 1/g-CD in water is indicative that the
decasilane main-chain should have an all-trans zig-zag confor-
mation in g-CD cavities, as schematically shown in Figure 4. The
5 nm difference of the absorption maxima between 1 at 77K and
1/g-CD at room temp indicates a slight difference in the main-
chain conformation of 1 between the two environments; themain-
chain conformaition of 1 in g-CD is suggested to be closer to an
ideal all-trans zig-zag conformation than a loose helical psuedo
all-trans conformation (transoid conformation)14 of 1 in low-
temperature solutions.

A fluorescence band maximum of 1/g-CD in water was
observed at 318 nm,which is a little red-shifted from that of 1 in 3-
methylpentane at room temperature (Figure 5).4;5 In contrast to
the excitation spectra of 1 in 3-methylpentane showing very low
emission efficiency at the higher excitation frequences, an
excitation spectrum of 1/g-CD monitored at 299 nm was in good
accordance with the absorption spectrum, indicating the rigid all-
trans rod-like main-chain of 1 in the inculsion complex.
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Figure 3. Absorption spectra of 1 in 3-methylpentane at room
temp (broken line) and 77K (dash-dotted line) and that of 1/g-
CD in water at room temp (solid line).

Figure 4. Schematic representation of conformational change
of 1 induced by complexation with g-CD.

Figure 5. Fluorescence spectra of 1 in 3-methylpentane (bro-
ken line) and 1/g-CD in water (solid line) at room temp.
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