
Helical-Sense Programming through
Polysilane-Poly(triphenylmethyl methacrylate) Block
Copolymers

Takanobu Sanji,*,†,‡ Katsuyuki Takase,† and Hideki Sakurai*,†

Department of Pure and Applied Chemistry
Science UniVersity of Tokyo and CREST-JST

Noda, Chiba 278-8510, Japan

ReceiVed July 30, 2001

We herein report the first example of helical-sense program-
ming through synthetic block copolymers, polysilane-b-poly-
(triphenylmethyl methacrylate). The block copolymer has a helical
poly(triphenylmethyl methacrylate) of one particular type with a
right-handed helix.1 This system can lead to a reversible one-
handed helical-sense induction of the polysilane chain in the block
copolymer.

In nature, the helical screw sense plays an important role in
the performance of a wide variety of functions, such as molecular
recognition and information storage.2 Some synthetic polymers
can also adopt a helical-screw conformation even in solution.3

Recently, controlling the helical structure of macromolecules has
attracted a great deal of interest in chiroptical materials. Interest-
ingly, a few polymers exhibit a helix-helix transition under
appropriate stimuli, such as temperature, pH, and solvent.4 Since
polysilanes have strong UV absorptions due to theσ-σ*
transition, which are sensitive to the conformational changes,5 it
should be interesting to investigate the optical properties of
polysilanes with helical screw sense. Indeed, it has been reported
that polysilanes with chiral alkyl substituents can adopt a one-
handed helical-screw conformation.6 It is also reported that the
terminal chiral substituents can induce helicity in oligosilanes.7

These findings indicate that polysilane can take a stable one-
handed helix sense as a result of chiral stimuli.8

We imagined that the helical sense of one polymer chain could
induce a helical sense in another polymer chain throughout block
copolymer systems in response to an external stimulus (Figure
1). Such a model would be useful as a potential information
storage system, and provide chiroptical materials for switch and

memory devices. Recently, several reports have addressed helical
induction in copolymer systems.9,10 An example of helical
superstructures of poly(styrene)-poly(isocyanodipeptide) block
copolymers in a solvent selective for one block polymer has been
reported.11

Poly(1,1-dimethyl-2,2-dihexyldisilene)-b-poly(triphenylmeth-
yl methacrylate) (PMHS-b-PTrMA, 1) was prepared by the
sequential anionic polymerization of a masked disilene2, as
shown in Scheme 1.12,13 First, anionic polymerization of2 was
initiated by butyllithium in THF. After the polymerization, (-)-
sparteine was added to the solution. Sparteine is well-known as
a chiral amine to induce optical induction.1 TrMA was added to
the reaction mixture at-78 °C and then the polymerization was
carried out for 4 h togive the block copolymer (Mn ) 1.0× 104,
Mw/Mn ) 1.5).14 The ratio of PMHS to PTrMA, estimated by1H
NMR, was 1/1.

Polysilanes with a long alkyl side chain exhibit unique
electronic spectra depending upon their conformation, which
changes with the environment, such as temperature.15 At low
temperature, the polysilane main chain adopts either anall-trans
planar conformation (dihedral angles of 180°) or atransoidhelical
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Figure 1. Schematic illustration of the helical-sense programming
throughout the block copolymer with external stimuli.

Scheme 1
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conformation (dihedral angles of 165-170°).16,17 In the temper-
ature-dependent UV spectra of the block copolymer, the spec-
troscopic features are almost the same as previously observed
for PMHS homopolymer (Figure 2).12b The block copolymer
exhibited an absorption maximum at 310 nm at room temperature
in THF, where the PMHS block adopts a random conformation.
However, the block copolymer underwent an abrupt shift in the
absorption maximum to 340 nm at temperatures below-20 °C,
where the PMHS block adopts atransoidconformation.

Figure 2 also shows the temperature-dependent circular dichro-
ism (CD) spectra18 of the block copolymer. At room temperature,
the PTrMA block chain exhibited positive Cotton signals at about
210 nm, indicating that the PTrMA chain in the block copolymer
adopts a one-handed helix chain.19 The PMHS of the block
copolymer did not show CD signals at about 310 nm under these
conditions, because the polysilane chain adopts a random-coil
conformation. However, when temperatures decreased below-20
°C, a new positive Cotton signal was observed at about 340 nm
and then the intensities of the signals increased with a decrease
in temperature, where the PMHS chain adopts atransoid
conformation. The screw sense of the PMHS of the block
copolymer is identical with that of the PTrMA chain. In the UV
spectra, no significant differences are evident. This clearly
indicates that the PMHS block chain is induced to a one-handed
helical sense at temperatures below-20 °C by the helix sense
of the PTrMA chain of the block copolymer.20

Interestingly, this helical induction of the polysilane chain is
reversible, as shown by a temperature cycling experiment (Figure
3). When the temperature changed from-50 to 25°C, the positive
Cotton signal at 340 nm disappeared, whereas the UV absorption
shifted from 340 to 310 nm, identical with that previously
observed. However, once the temperature was again decreased
to -50 °C, the positive Cotton signal again appeared at 340 nm.
Such a cycle could be repeated many times, although the
intensities were reduced somewhat step by step with succeeding
cycles. This indicates that the chiral information is encoded within
the block copolymer.

All the features of the induced CD signals were observed
independently for the solutions in concentration ranging from 10-4

to 10-3 M per Si unit,21 but in the absence of the chiral
copolymers, the CD signals observed for the PMHS at low
temperature disappeared completely. In addition, a sample of the
block copolymer with a short sequence of PTrMA units (m/n)
3, Mn ) 1.0 × 104, Mw/Mn ) 1.5) did not show CD signals,
because at least 7 or 9 monomer units are required for forming
the stable one-handed helical screw.1c

Furthermore, this unique induction of the helix sense was also
observed in a film of the block copolymer (see Supporting
Information). The CD spectra of the film, even at room temper-
ature, showed a positive Cotton signal at about 340 nm, where
the PMHS chain adopts atransoidconformation probably due to
the restriction of the conformational mobility.

The present system is a new approach in the field of helical
expression in molecular and macromolecular systems, i.e., one-
handed helical programming throughout the block copolymer.
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Figure 2. Temperature-dependent UV and circular dichroism (CD)
spectra of the polysilane-poly(triphenylmethyl methacrylate) block co-
polymer1 in THF.

Figure 3. Temperature cycling experiment from 25 to-50 °C showing
the CD spectrum intensity at 340 nm of the polysilane-poly(triphenyl-
methyl methacrylate) block copolymer1 in THF.
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