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We herein report the first example of helical-sense program-
ming through synthetic block copolymers, polysildngoly-
(triphenylmethyl methacrylate). The block copolymer has a helical
poly(triphenylmethyl methacrylate) of one particular type with a
right-handed heliX. 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 storageSome synthetic polymers
can also adopt a helical-screw conformation even in solition.
Recently, controlling the helical structure of macromolecules has
attracted a great deal of interest in chiroptical materials. Interest-
ingly, a few polymers exhibit a helixhelix transition under
appropriate stimuli, such as temperature, pH, and sofv8ittce
polysilanes have strong UV absorptions due to theo*
transition, which are sensitive to the conformational chafges,
should be interesting to investigate the optical properties of
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Figure 1. Schematic illustration of the helical-sense programming
throughout the block copolymer with external stimuli.
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memory devices. Recently, several reports have addressed helical

induction in copolymer systeni$® An example of helical

superstructures of poly(styrene)-poly(isocyanodipeptide) block

copolymers in a solvent selective for one block polymer has been

reportedt!
Poly(1,1-dimethyl-2,2-dihexyldisilend)}poly(triphenylmeth-

yl methacrylate) (PMH®-PTrMA, 1) was prepared by the

polysilanes with helical screw sense. Indeed, it has been reportedsequential anionic polymerization of a masked disiléneas

that polysilanes with chiral alkyl substituents can adopt a one-
handed helical-screw conformatiént is also reported that the
terminal chiral substituents can induce helicity in oligosilahes.

These findings indicate that polysilane can take a stable one-

handed helix sense as a result of chiral stirfuli.
We imagined that the helical sense of one polymer chain could

shown in Scheme %13 First, anionic polymerization 02 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 inductib.rMA was added to

the reaction mixture at 78 °C and then the polymerization was
carried out fo 4 h togive the block copolymem\, = 1.0 x 10,

induce a helical sense in another polymer chain throughout block M,/M, = 1.5)} The ratio of PMHS to PTrMA, estimated Bi#
copolymer systems in response to an external stimulus (FigureNMR, was 1/1.

1). Such a model would be useful as a potential information
storage system, and provide chiroptical materials for switch and
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Polysilanes with a long alkyl side chain exhibit unique
electronic spectra depending upon their conformation, which
changes with the environment, such as temperatufd. low
temperature, the polysilane main chain adopts eithellamans
planar conformation (dihedral angles of $80r atransoidhelical
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Figure 2. Temperature-dependent UV and circular dichroism (CD)
spectra of the polysilane-poly(triphenylmethyl methacrylate) block co-
polymerl in THF.

conformation (dihedral angles of 1647(¢°).16:17In the temper-
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Figure 3. Temperature cycling experiment from 25-+t&0 °C showing
the CD spectrum intensity at 340 nm of the polysilane-poly(triphenyl-
methyl methacrylate) block copolymérin THF.

Interestingly, this helical induction of the polysilane chain is
reversible, as shown by a temperature cycling experiment (Figure
3). When the temperature changed frefB0 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

ature-dependent UV spectra of the block copolymer, the spec-observed. However, once the temperature was again decreased
troscopic features are almost the same as previously observedo —50 °C, the positive Cotton signal again appeared at 340 nm.

for PMHS homopolymer (Figure 2¥° The block copolymer

Such a cycle could be repeated many times, although the

exhibited an absorption maximum at 310 nm at room temperature intensities were reduced somewhat step by step with succeeding

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 bet®0 °C,
where the PMHS block adoptsteansoid conformation.

Figure 2 also shows the temperature-dependent circular dichro-

ism (CD) spectr¥ 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 chainThe PMHS of the block

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 front 10
to 10°% M per Si unit?* 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 (r/n
3, M, = 1.0 x 104, My/M, = 1.5) did not show CD signals,

copolymer did not show CD signals at about 310 nm under these because at least 7 or 9 monomer units are required for forming
conditions, because the polysilane chain adopts a random-coilthe stable one-handed helical scréw.

conformation. However, when temperatures decreased beRfiv

Furthermore, this unique induction of the helix sense was also

°C, a new positive Cotton signal was observed at about 340 nmghserved in a film of the block copolymer (see Supporting
and then the intensities of the signals increased with a deCfeaSanormaﬁon). The CD spectra of the film, even at room temper-

in temperature, where the PMHS chain adoptstransoid
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

ature, showed a positive Cotton signal at about 340 nm, where
the PMHS chain adoptsteansoidconformation probably due to
the restriction of the conformational mobility.

The present system is a new approach in the field of helical

indicates that the PMHS block chain is induced to a one-handed expression in molecular and macromolecular systems, i.e., one-

helical sense at temperatures belew®0 °C by the helix sense
of the PTrMA chain of the block copolymé?.
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handed helical programming throughout the block copolymer.
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