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Linear oligosilanes form inclusion complexes with schizo-
phyllan to induce a preferential helical conformation within
the chiral environment constructed by wrapping with schizo-
phyllan.

Recently, controlling the helical structure of macromole-
cules has attracted a great deal of interest.1 The helical structures
are often found in biomacromolecules like DNA2 and protein3

and appear to play critical roles in biological phenomena such
as molecular recognition and information storage as exemplified.
Some synthetic polymers also adopt a helical conformation even
in solution and new approaches to synthesizing polymers with a
helical conformation have been carried out.4,5

Among the synthetic polymers with the helical sense, poly-
silanes are particularly interesting because of their unique elec-
tronic and photophysical properties. The unique properties are
attributed to the �-conjugation occurring along the main chain,
and hence, extremely sensitive to the polymer conformation.6

Polysilanes, which induce a preferential helical conformation
when substituted with optically active side chains7 or end
groups,8 allow us to study the photophysical properties in con-
nection with the conformation of the polymer main chain. Oligo-
silanes with well-defined structures are typical fundamental
models for polysilanes, and several reports have addressed con-
trolling the conformation of oligosilanes.9

We have recently reported the first example of the induction
of a preferential helical conformation in oligosilanes within the
internal cavity of cyclodextrins.10 We extend this approach to
linear polysaccharides as host molecules, which can wrap the
guest molecules. Schizophyllan (SPG, �-1,3-glucan), one of
polysaccharides, is composed of �-1,3-linkages between glucose
residues, where the repeating units consist of three �-1,3-glucose
units with one �-1,6-glucose side chain linked at every third
main chain glucose (Chart 1).11 SPG adopts a right-handed triple
helix (t-SPG) in nature. The unique structural motif of SPG

stimulated us to employ as the chiral host molecule for complex-
ing with oligosilanes. Here we show that oligosilanes could form
inclusion complexes with SPG to induce a preferential helical
conformation within the chiral environment constructed by
wrapping with SPG. Very recently, Shinkai and co-workers
reported the supramolecular chiral complex between SPG and
polythiophene.12

The oligosilane 1 was employed as a guest molecule. In a
typical preparation of the complex, a mixture of the decasilane
1 (0.25mg, 3:1� 10�4 mmol) and SPG (0.80mg, 1:2� 10�3

mmol per 4 glucose units, Mw ¼ 1:5{4:0� 105) in water
(3.2mL) was dispersed ultrasonically for 5min and then stirred
at room temperature for 2 h. The decasilane 1 was insoluble in
water, but 1 in the presence of SPG was soluble in water, and
hence, the spectroscopic properties of the complex in water
could be successfully determined. The absorption and circular
dichroism (CD) spectra provide information on the conformation
of the oligosilane main chain. Thus, in the UV spectrum, a
mixture of 1 and SPG in H2O at room temperature exhibits an
absorption maximum at 284 nm (" ¼ 1:1� 104 M�1 cm�1)
(Figure 1), ascribable to the �–�� transition of the oligosilane
main chain. In the circular dichroism (CD) spectrum, 1 in the
presence of SPG displays a sharp negative induced CD band
in the absorption region of the �–�� transitions of the oligosilane
(�" ¼ �2:88M�1 cm�1 at 282 nm), while 1 itself does not
show CD signals. This clearly indicates that the decasilane 1
in the presence of SPG is induced to assume a preferential
one-handed helical conformation leading to the observed optical
activity by complexation with SPG, where the main chain of 1
assumes a predominantly transoid conformation with an Si tet-
rad dihedral angle of 160–175� (15/7 helix),13 The dissymmetry
ratio, gabs (¼�"="), is usually used to characterize helical struc-
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Chart 1. Chemical structure of schizophyllan and the oligosi-
lane 1.
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Figure 1. UV and CD spectra of 1 in the presence of SPG in
H2O.
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tures such as right- and left-handed helix populations. The
1/CyD complex has a gabs of 2:6� 10�4. The value is the same
order of magnitude (1{2� 10�4) observed for a range of poly-
silanes with optically pure substituents which adopt preferential
screw senses.14,15 At present, the relationship between the sign of
the Cotton effect in the CD spectrum and the screw-direction of
the helix in the oligosilane chain is not clear.

The stoichiometry of the complex formation was deter-
mined by the CD titration measurement to discuss the supramo-
lecular complex formation, as shown in Figure 2. The CD inten-
sity increased with the addition of SPG to 1 in H2O at the initial
stage, but an inflection point was observed at Mspg=M1 ¼ 4:5
(Mspg and M1 are the molar concentration of SPG and 1, respec-
tively). Based on the molecular length of 1 (2.8 nm) and the
helical pitch of SPG with 6/1 helix (1.8 nm), the mole ratio of
the glucose residues along the SPG main chain to the oligosilane
1 for the maximum complex formation is estimated at approxi-
mately 1.5. This indicates that the supramolecular complex
forms between a triple helix of SPG and two molecules oligo-
silane 1, in which 1 adopts the helical conformation (Figure 3),
although a detailed description of the structure of the 1/SPG
complex by, for example, X-ray single crystal analysis or SPM
observation requires further study. The triple helix SPG has
enough space with the inner diameter of 1.75 nm11 for fitting
two oligosilane chains 1 with the cross section diameter of 6 �A
into the cavity. Indeed, the 1/SPG complex excited at 284 nm
exhibited a dimer emission (400 nm) of the naphthyl groups,16

as well as the local emission (330 nm) from both the naphthyl
group and the oligosilane chain, indicating partial �–� stacking
of the naphthyl groups stabilized in the helical channel of SPG.

Thus, the triple helix SPG as a host molecule affords the chiral
space and the hydrophobic interaction between the guest mole-
cules and the internal hydrophobic surface of SPG is considered
to be a major driving force for the complex formation.17

In conclusion, we have demonstrated the induction of
helical conformation in oligosilane by wrapping with SPG.
The present system is a new approach in the field of helical
expression in molecular and macromolecular systems.

This work was supported by the Ministry of Education, Cul-
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Figure 2. Job’s plot upon mixing of 1 and SPG in H2O,
obtained by means of CD spectroscopy (MSPG=M1 vs [�] at
283 nm).
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Figure 3. Schematic illustration of the chiral supramolecular
complex formation between 1 and SPG.
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