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Abstract: Novel switchable chiroptical characteristics of poly(alkylarylsilane) microaggregates, controllable
by the choice of good/poor solvent ratio (solvent polarity), solvent addition order, and sample temperature are
described. The formation of stable chiral aggregates depends critically on the polysilane structure and
stereochemistry. Polgfhexyl-(p-(S)-2-methylbutoxyphenyl)silane]1f, optically inactive in molecularly
dispersed THF solution due to the existence of dynamically equivalent amounts ofR)gland left (M)-

handed screw sense helical main chain domains, shows a marked bisignate CD signal due to the formation of
chiral aggregates in good/poor cosolvent systems. The sign and magnitude of the CD signals are dependent on
solvent polarity, solvent addition order, and thermal effects. The less sterically hindered poly[npe{B)yl-(
2-methylbutoxyphenyl)silane]?] exhibits a weak, bisignate, nonswitchable CD signal in only the toluene/
acetonitrile system, and no CD signals are evident in pure toluene or THF due to masking of the helicity. In
contrast, although the even less sterically hindered, less polar poly[me#{@-2-methylbutoxyphenyl)-

silane] @) does show optical activity in pure THF or toluene (negative CD signal at 310 nm), the CD signal
disappears on formation of aggregates in good/poor cosolvent systems.

Introduction tides? polymethacrylate$ polyisocyanide$,polyisocyanateg,
o ) polyacetylene§,and polysilaneg; 1 the backbone may adopt
The search for a molecular-based chiroptical switch and g preferential screw sense helical conformation due to the side

memory that operates with efficiency, reversibility, and per- chain interactions. HoweveP—M helical inversion between
manency is currently a challenging issue in the area of
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Scheme 1.Chemical Structures of Polysilanés-3
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the two energetically accessible, opposite screw sense states og

the main chain is seldom observed in dilute solution.

Recently, we found that two types of helical polysilanes
containing enantiopure chiral side chains, poly(dialkylsilahe)s
and poly(diarylsilane)8,may exhibit a thermo-driven circular
dichroism (CD) switching effect due to suchPa-M transition
in the molecularly dispersed solution state. Poly(alkylalkoxy-
phenylsilane)s bearing enantiopure chiral substituents ipatee
position on the phenyl ring, however, in contrast to poly-
(dialkylsilane)s or poly(diarylsilane)s, were optically inactive
in dilute solution due to the presence of equivalent amounts of
P andM helical segment!

On the other hand, it has been well established for several
m-conjugated polymers bearing chiral side chains that, even
though the polymer may be optically inactive in the single
molecule state, optical activity may be observed in a microag-
gregated form due to greater ordering. Interestingly, aggregation
of chiral polymers into chiral superstructures influences the
optical and chiroptical properties of conjugated systems con-

siderably. For instance, the sign and magnitude of the bisignate

CD signal switching of polythiophe&gor poly(-aspartaté$

aggregates in response to the cooling rate and/or temperatur
of the film or the ratio of good/poor cosolvents have been
described. Concerning the analysis of optically active aggregate
and supramolecularly ordered systems in conjugated polymers
several optical measurement techniques are available: absor
tion, optical rotation (rotation of the plane of linearly polarized
light on passing through the sample), and CD spectroscopy,

which is perhaps the most appropriate technique, since it permits

the direct analysis of chiral backbone physical and electronic
structures.

Here we describe our investigations of the higher order chiral
structural changes of poly(alkylalkoxyphenylsilade)3 (Scheme
1) aggregates and their unique CD properties in detail, experi-
mentally addressing such factors as solvent polarity, thermal
effects, and the polysilane chemical structures. We also dem-
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Table 1. Synthesis and Optical Characterizati@i Polysilanes
1-3

yield? uv CD FL-EM
compd % 10°3My Mw/Mn  Amade? Amad Aed Amax
1 12 1500 2.5 359/17000 373
2 7 40 3.2  351/7400 365
3 13 850 4.4  325/8600 3090.59 352

aUV and CD data recorded in tetrahydrofuran at°25 FL data at
23—-25 °C. P Isolated yields of high molecular weight fractigiMo-
lecular weights determined by gel permeation chromatography (GPC)
and relative to polystyrene standards: eluant, tetrahydrofurafC30
4 Amax UNits, Nm;e and Ae units, (Si repeat unit} dm—3 cm™.,

onstrate the novel switchable CD effects bfaggregates,
controllable by the addition order and ratio of good/poor
solvents, as well as sample temperature.

Results and Discussion

Chiroptical Properties of Polysilane Aggregates in THF/
Methanol Cosolvents.The CD spectra of polysilarie bearing
n enantiopureS)-2-methylbutoxy group in theara position
n the phenyl ring, show no CD signal in dilute THF solution
(5 x 1075 mokL~1) even at—80 °C,'* becausel contains
dynamically equivalent amounts & and M-handed screw
sense helical main chain domains in solution, a phenomenon
reported for several polymet$!®

However, THF solutions ol containing methanol (a poor
solvent) show a marked bisignate CD signal. Figuredahows
the UV and CD spectra and CD intensitiesloaggregates at
various THF/methanol ratios at 2%C, respectively. When
methanol was gradually added into the THF solution (Method
),6 no CD band could be detected in mixtures containing less
than 30% methanol by volume. At a THF/methanol ratio of
60%/40%’¢ a well-resolved bisignate CD sigAal® was
observed (Figure 1b; positive &ty = 370 nm, negative atex
= 353 nm; a positive Cotton effect). Interestingly, this positive
Cotton effect in excess THF became a negative Cotton effect
above 60% methanol. The crossover point occurred at ca. 50%/
50% THF/methanol (Figure 1c). The bisignate CD intensities
changed continuously with increasing methanol concentration.
The UV spectra ofl aggregates with increasing methanol
radually shifted to longer wavelength and tailing, due to
recipitation of the polysilane, was observed (Figure 1a). The
results of the CD analysis df aggregates show clearly thht

Swhile optically inactive in a good solvent, formed optically
'active chiral aggregates in a good/poor mixed solvent system.
PIn addition, the chirality of the aggregates was switchable by

the solvent polarity, as has also been reported for a poly-
thiophené!2 The bisignate nature of CD spectra is considered
to be characteristic of exciton coupling between closely situated
transition dipole moments on neighboring polymer segments
in chiral configurationg®121517 |n chiral aggregates, such
coupling could result either intramolecularly, by interaction
between adjacent helical segments, or intermolecularly, by
interaction between adjacent helical main chains, such as occurs

(14) (a) Green, M. M.; Park, J.-W.; Sato, T.; Teramoto, A.; Lifson, S.;
Selinger, R. L. B.; Selinger, J. \Angew. Chem., Int. EA.999 38, 3138.
(b) Green, M. M.; Garetz, B. A.; Munoz, B.; Chang, H.<P.Am. Chem.
So0c.1995 117, 4181. (c) Green, M. M.; Khatri, C.; Peterson, N.J Am.
Chem. Soc1993 115 4941. (d) Lifson, S.; Felder, C E.; Green M. M.
Macromoleculed992 25, 4142.

(15) (a) Fiesel, R.; Scherf, Acta Polym.1998 49, 445. (b) Peeters,
E.; Delmotte, A.; Janssen, R. A.; Meijer, E. Wdv. Mater. 1997, 9, 493.

(16) Solvent addition order methods are assigned as follows: Method I,
a poor solvent was gradually added into a good solvent solution containing
1; Method II, a good solvent solution containiigwas gradually added
into a poor solvent.
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intensities of1 aggregates prepared by Method | at various THF/ Figyre 3. UV—vis and CD spectra ol aggregates prepared by
methanol ratios at 26C.

Methods | and Il at 55%/45% THF/methanol volume ratio at°20

in the packing of cholesteric liquid crysta33 To determine Figure 2a,b shows the CD spectra and CD intensitie of
the more likely origin, we measured the CD spectra of the chiral aggregates prepared by the reverse solvent addition order
aggregates after filtration using several different pore size filters. method, Method Il (THF solution of added into methanof¥,
After filtration through a 5um filter, the CD profiles were at various THF/methanol ratios at 2C, respectively. These
similar to those of unfiltered samples (though the CD intensities bisignate CD spectra . around 370 and 353 nm) show similar
decreased slightly), while after Quén filtration, no CD signals  signs and intensities to those prepared by Method | at the same
were evident. The particle size of the aggregates may thus beTHF/methanol ratios, though the band shapes between the two
estimated to be greater than Qi, indicating that the CD  methods differ slightlyexceptat a THF/methanol ratio of 55%/
effects are induced by aintermolecularchiral configuration 45% (around the CD reversal point). At this point, samples
of polymers. prepared by the two methods exhibited completely mirror image
(17) For example, if theg/d is smaller thanw, right-handed screws C_Otton effects, as _Show.n in Figure 3, though no S|gn|f|cant
generate a right-hande®)(superhelix; if the ratio ist, the screws are at  differences were evident in the UV spectra. This result indicates

90° and their disposition is not chiral; if instead the ratio is greater than  the formation of oppositely oriented chiral aggregates, controlled
right-handed screws generate a left-handépiquperhelix. See: Nakanishi,

4 : g e ety e simply by the solvent addition order. This striking CD switching
K.; Berova, N. In Circular Dichroism: Principles and Applications L .
Nakanishi, K., Berova, N., Woody, R. W., Eds.; VCH: New York, 1094; may be related to the dependence of the initially formed chiral
Chapters 5 and 13. “seed” aggregates on the solvent polattsince, comparing
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Scheme 2.Proposed Origin of the Cotton Effect of for cholesteric liquid crystal phases of DNA.Concerning
Polysilane Aggregates polysilane aggregates in a good/poor cosolvent system, the screw
@) pitch (p) of the preferential helici'Fy could be Iargely depgndent

on the amount of poor solvent since the polysilane chains may
P-chirally oriented aggregates M-chirally oriented aggregates shrink and fold p becomes shorter) in excess poor solvent. It

+ is thus considered that, also in this model, the solvent effects
\ (solvation and solvent polarity) surroundifign the aggregation
process may hold the key to determine the handedness of the

switchable chiral superstructure.
> Ay N We attempted the direct observation of the oppositely oriented
o 2 Qo chiral aggregate superstructudeasing SEM and AFM; how-

ever, no evidence of the opposite chiral superstructures at the
submicron level was obtained.

Thermal Effects on Chiroptical Properties of Polysilane
Chiral Aggregates.To investigate the thermal CD dependency
(b) of 1 chiral aggregates, we subjected the aggregates to multiple

cycles of heating (50C) and cooling {10 °C). Figure 4a,b
P-screws shows the change of CD intensities bfaggregates for both
y Methods | and Il at 60%/40% and 50%/50% THF/methanol
p - ratios in multiple thermal cycles, respectively. Interestingly, in
’i’ 4

Phalix M-halix

soivent effects

the CD spectra of aggregates at 60%/40% THF/methanol, the
bisignate Cotton effect observed at 20 completely disap-
peared at 50°C due to dissolution of the aggregates and
appeared again at10 °C on the cooling run (ca. 0.%C per s)

>
. (Figure 4a) with similaidex. and sign to that at 20C, though
the intensities were slightly weaker. These CD profiles were
> reproducible after several thermal cycles. In contrast, in the CD
M-screws

spectra at 50%/50% THF/methanol, we found an unprecedented
thermo-driven CD switching phenomenon (Figure 4b). The CD
bands at 353 and 323 nm tfaggregates for only Method Il
Methods | and I1, the only difference is the solvent polarity Were reversed after four thermal cycles and the CD profiles
surrounding the seed aggregates in the initial stage of thefinally showed similar CDlex, signs, and intensities to those
aggregation process.Here, we suggest two possible origins ofobtained by Method I (the band at 323 nm for Method II
the CD switching phenomenon (relating to the oppositely gradually appeared during thermal treatment). This CD switch-
oriented chiral seed aggregates) dependent on solvent polaritying for Method Il appears to result from the transformation of
though the detailed mechanisms are not clear at the moment:2 metastable chirdl aggregate to a stable opposite chiral state
(1) The optical inactivity ofl bearing a chiral group in a good  on application of the thermal stimulus. Presumably, in Method
solvent (due to the dynamic equilibrium betwéeandM screw Il, 1, dropped into methanol (polar, poor solvent fjr may
sense turnd}-121519may be essential for the switching phe- instantly form chiral oriented seed aggregates with intermo-
nomenon. We theoretically confirmed the existence of two lecularly folded and twisted Si main chains, even if energetically
equivalent potential energy dependencies on the backboneunfavorable (rapid coagulation process). The structure of this
dihedral angle in both isotactic and syndiotactic modelsifor ~ chiral aggregate may be thus metastable since it is affected
(H-(RiR>*Si)3¢-H, where R = n-hexyl and R* = p-(9-2- sensitively by the medium of solvation. In contrast, in Method
methylbutoxyphenyl) by force field calculations (see Supporting |, the chiral seedl aggregates grow slowly and moderately,
Information). Presumably, the helical equilibriumiimay result ~ and are therefore better able to adopt a stable structure (slow
in a preferential helical screw sengeor M, upon aggregation coagulation process). After thermal treatment, the metastable
by locking in the effects of th@-chiral ether moieties, while ~ aggregates for Method Il settle into the energetically more stable
the solvent polarity may control the slight preferencel dor chiral configurations similar to that of Method I. It is thus
P- or M-helicity. Consequently, the favorable chiral orientation suggested that the chirality of seed aggregates around 50%/
(P- or M-superhelix) ofl aggregates may be determined from 50% THF/methanol may be easily controlled by the solvent
the helicity of single molecule df (Scheme 2a). (2) The helix ~ addition order and that it is considerably sensitive to a thermal
angle ¢ governs the handedness of the packing between thestimulus.

preferential helical backbones of contiguous polysilane chains ~ Solvent Effects on Chiroptical Properties of Polysilane
(there is noP—M inversion of the helical single main chain) Chiral Aggregates. The solvent polarity and solvation seem
(Scheme 2b). In this model, the handedness of the superhelixto be critical factors in the determination of the polysilane chiral
depends on only two critical factors: the ratio of polymer helical aggregate structures. We therefore investigated the CD properties
screw pitchp, to helical diameter, as has also been proposed in another toluene (nonpolar, very good solvent fby

(18) Dielectric constante] at 25°C of solvents used in mixed solvent (20) (a) Ono, Y.; Nakashima, K.; Sano, M.; Hojo, J.; ShinkaiC&em.
systems (unit: dimensionless number): THF, 7.58; methanol, 32.7; toluene, Lett. 1999 1119. (b) Cornelissen, J. J. L. M.; Fischer, M.; Sommerdijk, N.
2.38; acetonitrile, 35.9. Thesevalues were taken from the following: A. J. M.; Nolte, R. J. M.Sciencel998 280, 1427. (c) Frankel, D. A,;
Riddick, J. A.; Bunger, W. B.; Sakano, T. KOrganic Solents Fourth O'Brien, D. F.J. Am. Chem. Sod 994 116, 10057. (d) Akagi, K.; Piao,
Edition; John Wiley & Sons: New York, 1986. G.; Kaneko, S.; Sakamaki, K.; Shirakawa, H.; Kyotani, 8tiencel998

(19) (a) Meijere, A.; Khlebnikov, A. F.; Kostikov, R. R.; Kozhushkov, 282 27. (e) Li, C. Y.; Cheng, S. Z. D.; Ge, J. J.; Bai, F.; Zhang, J. Z;
S. |.; Schreiner, P. R.; Wittkopp, A.; Yufit, D. $A\ngew. Chem., Int. Ed. Mann, I. K.; Chien, L.-C.; Harris, F. W.; Lotz, Bl. Am. Chem. So200Q
1999 38, 8, 3474. (b) Mislow, K.; Bickart, Klsr. J. Chem.1976/1977 122 72. (f) Rowan, A. E.; Nolte, R. J. MAngew. Chem., Int. EA.998
15, 1. 37, 63.
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acetonitrile (highly polar, poor solvent fd) cosolvent system,
whose dielectric constants are very differ&hEigure 5a-c
shows the CD spectra dfaggregates for both Methods | and
I, and CD intensities at various toluene/acetonitrile ratios at
20 °C, respectively. The CD spectra in toluene/acetonitrile
showed similar CDAey. around 370 and 350 nm and CD
switching phenomena with the change of cosolvent ratios as
for the THF/methanol system. However, there were two
remarkable differences between the two cosolvent systems: (1)
intense CD signals were observed even in excess toluene and
(2) much white precipitation was found in the bottom of the
cell, especially at a high acetonitrile ratio. These results suggest
that in toluene/acetonitrilel may aggregate easily due to the
strongly polar acetonitrile. In contrast, in THF/methardamhay

have an affinity for methanol, regardless of its being a poor
solvent, since poly(alkylalkoxyphenylsilane) has a polar oxygen
in the side chain, therefore, the amount of precipitation for THF/
methanol is less than that for toluene/acetonitrile.

Concerning the formation of stable chiral polysilane ag-
gregates and the chirality switching, the orthogonal arrangement
between the sterically crowded, polaalkoxy groups on the
phenyl rings and the stiff main chain may be responsible for
the unique CD properties. To test this, the chiroptical properties
of two related2 and 3 aggregates in toluene/acetonitrile were
examined. Figures 6 and 7 show the CD spectr2 aind 3
aggregates respectively for Method | at various toluene/
acetonitrile ratios at 20C. Interestingly, although no Cotton
bands of2 and 3 aggregates were detected in THF/methanol
(only a noisy peak), remarkable CD bands could be observed
in toluene/acetonitrile, indicating the ease of formation of
aggregates due to the effects of highly polar acetonitrile. As
seen in Figure 6, for the less sterically hindered palarhich
has a methyl group andchiral alkoxy group on the phenyl
ring, a weak, bisignate, nonswitchable CD signal (negative at
Aext. 365 nm, positive alex. 345 nm) appeared, though no CD
signals were evident in pure toluene or THFThe CD
intensities of2 aggregates only gradually increased/decreased
(Method I/11) on changing the toluene/acetonitrile ratio, and are
different from the CD characteristics bggregates. However,
it is clear that optically active chiral aggregates could also be
induced in a different type of chirally substitut@d

No bisignate CD signals arising from aggregates could be
detected for the even less sterically hindered, less p&lar
however, which has m-chiral alkoxy group on the phenyl ring

310 nm when molecularly dispersed in pure THF or tolu€ne.
Indeed, force field calculations for representative isotactic and
syndiotactic models a3 afforded asymmetric potential curves,
indicating that the imbalance of energies Bfand M screw
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. . . . . Figure 5. CD spectra oflL aggregates prepared by Methods (a) | and
(Figure 7), despite the observation of a negative CD signal at yy || and (c) a plot of CD intensities at various toluene/acetonitrile

ratios at 20°C.

senses should theoretically manifest itself in a preference for
one screw sense over the other as observed for the experimental
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20,000 + - . L 1.5 position of polar ether oxygen). We believe that such detailed
- Ly T experimental investigations of polysilane aggregates may help
£ 15.000 L 05 mé in the design of future generations of synthetic polymers with
T SR unigue and functional chiroptical properties.
» oo 00 T
§ 10,000 Toluene/CHJCN ratio L -0.5 § COﬂC'USIOnS
Ed —e—sOwMO% | g In summary, we succeeded in controlling the chiroptical
5 13231:21 & characteristics of microaggregates of poly(alkyl-alkoxyphenyl-
@ 5,000 o sowmon F 1.5 3, silane)s by choice of good/poor solvent ratio (solvent polarity),
W —o—rowson | 2.0 4 solvent addition order, and temperature. It is clear that these
0 o~ 25 CD properties result from chiral intermolecular interactions
300 350 400 450 between helical polymers. The CD spectrd @fggregates with
Wavelength [nm] a dynamic equilibrium ofP and M screw sense turns, were
Figure 6. UV—vis and CD spectra ¢ aggregates prepared by Method ~ SWitched easily by selection of the good/poor solvent ratio and/
| at various toluene/acetonitrile ratios at 20. or solvent addition order. In addition, the CD properties were
also switchable thermally. The aggregates of less sterically
20,000 : ! . —+ 1.0 hindered2, which has gara chiral alkoxy group on the phenyl
— ~ - ring, exhibited a weak, bisignate, nonswitchable CD signal in
€ 15 000 i 03 mg only the toluene/acetonitrile system, with no CD signals evident
= o0 5 in pure toluene or THF due to maskmg _of the helicity. In
o - contrast, although the even less sterically hindered, less polar
-'f—;‘ 10,000 —osouiton [-0.5 § which has ametachiral alkoxy group showed optical activity
; BN A kS when mplecularly dispersed in pure THF or tolu_ene, the CD
4 —e—sowiaon 1.0 & signal disappears on formation of aggregates in good/poor
% 5,000+ - VIR s % cosolvent systems.
@ St < Experimental Section
04— . - L-2.0
00 350 400 Analysis. Al UV and CD absorption spectra were recorded
Wavelength [nm] simultaneously on a JASCO J-725 spectrometer equipped with a Peltier
Figure 7. UV—vis and CD spectra & aggregates prepared by Method ~ controller for temperatures from 50 tal0°C (1 cm path length quartz
| at various toluene/acetonitrile ratios at 20. cell). Scanning conditions were as follows: a scanning rate of 50 nm

per min, bandwidth of 1 nm, response time of 1 s, and double or single

. . . accumulations. The weight-average molecular weight)( number-
molecularly disperse CD data (see Supporting Information). The average molecular weightA;), polydispersity, and in-line absorption

UV spectra of3 aggregates char_lg_ed peculiarly with increasing gpectra of the polysilanes were determined by gel permeation chro-
acetonitrile and much white precipitate was observed above 30%matography on Shodex mixed gel KF80OM as the GPC column and

acetonitrile. These results show that the optical activit® of tetrahydrofuran as eluent at 3@ (Shimadzu A10 series HPLC
a good solvent solution disappeared in the aggregates in goodapparatus equipped with a diode array detector, deaeration unit, and
poor cosolvents, in contrast to the behavior foor 2 chiral double-plunger pump), based on a calibration with polystyrene stan-

aggregates. Polysilarsoriginally has a preferential helical main ~ dards. NMR spectra of the dichlorosilane monomers were recorded on
chain and a slanting arrangement of the oxygen dipole to the & Varian U_mty-300 NMR spectrometer relative to internal TMS_ in
Si main chain axis. Themetaposition of the side chains CDC_I3 for silicon at 59.59 MHz and for carbqn at 75.43 MHz. Optical
sterically may obstruct the molecular packing of the chains, rotation at the Na-D line was measured in the neat state at room

A . temperature with a JASCO DIP-370 polarimeter using a quartz cell
thereby inhibiting the formation of stable aggregates of pref- withpa path length of 10 mm. P gad
erential chirality.

Monomer Synthesis.The desired substituted dichlorosilane mono-

Considering the difference of CD properties ®»fand 3 mers were prepared by the condensation of the correspon8isf; (
aggregates no CD switching3, CD disappearance) to those methylbutoxy-substituted phenyl Grignard reagent with the correspond-
of 1 aggregates, the macroscopic conformations of polysilanesing alkyltrichlorosilanes. Enant_iopure chigzdra- andmetas_,ubstituted _
may also p|ay an |mp0rtant r0|e |n the forma“on of Stab'e (S-Z-methylbUtOXyphenberOmldeS were custom SynthESIzed by Chemi-
aggregates and, when chiral substituents are attached, presergla(I s?%ﬁn?é){ﬁ;gﬁtg'xjgﬁzgy@?fhm?ggEﬁéﬁaﬁﬁﬁgwI-IDS:)EQ%'

e . . . . . - -4~ . 0,

the possibility of interesting C_D switching p_henom_ena. Polysi- 145 °C/0.35 mmHg?Si NMR 19.28 ppm:C NMR 11.30, 14.05,
lanes2 and 3 have sterically imbalanced side chains, a small

16.51, 20.01, 22.49, 22.54, 26.15, 31.33, 32.11, 34.69, 72.79, 114.61,
methyl group and a bulkyg-2-methylbutoxyphenyl group, and 153 47, 135,14, 162.10 ppmot% +6.09 (neat). Methylp-(S)-2-

may adopt conformations with macroscopically random and methylbutoxyphenyldichlorosilan@); yield 47.2%; bp 122125 °C/
shrunk coils. In contrast, with well-balanced-hexyl and §)- 1.0 mmHg;2°Si NMR 18.64 ppmi3C NMR 5.71, 11.28, 16.49, 26.11,
2-methylbutoxyphenyl groups adopts a stiffer coil. The extended 34.65, 72.77, 114.61, 124.15, 134.82, 162.15 pp{#4 +7.51° (neat).

Si main chain conformation and high spatial freedom between Methyl-m-(S)-2-methylbutoxyphenyldichlorosilan@) yield 64.6%; bp

the bulky side chains may favor the formation of well-balanced, 110-115°C/0.8 mmHg;?Si NMR 18.20 ppm*C NMR 7.04, 11.25,
chirally oriented aggregates and permit chirality switching. ~ 16-79,26.11,34.73, 73.10, 110.65, 120.60, 133.73, 135.75, 163.50 ppm;

2
Consequently, it is clear that the formation of polysilane [0]*p +6.23 (nea).

A d th f ind d itchable CD Polymer SynthesisPolymerization of purified dichlorosilanes was
aggregates an € appearance ol induced swilchable performed according to the conventional Wurtz-type condensation as
properties in good/poor cosolvent systems involves various fyjiows. The synthesis of is representative. To a mixture of 8.0 mL

factors, including, for example, solvent polarity, solvation, of dry toluene was added 0.50 g (23L02 mol) of sodium dispersion
solubility, solvent addition order, thermal effects, and polysilane surface-activated by diglyme (10.) and 2.0 g (5.8< 10-3 mol) of 5
structure and stereochemistry (side chain balance and thedropwise under an argon atmosphere. The mixture was stirred slowly
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at 110°C, monitoring the molecular weight periodically. After 1 h, module, Ver. 4.00, on Silicon Graphics Indigo Il XZ based on standard
0.1 equiv of trimethylchlorosilane was added as terminator and stirring default parameters with a-S8i bond length of 2.34 A and a SBi—
continued for a further 30 min. The viscous purple mixture was diluted Si bond angle of 11°1 using the MSI pcff force field. For this
with toluene and filtered through a 1@m Teflon filter. The high calculation, the MSI built-in functions of simple-minimization and
molecular weight Il,,) fraction (M, = 1 500 000; yield 12%) was simple-dynamics were used with setup parameters which included 1.00
isolated by centrifugation after fractional precipitation in a mixed for the final convergency and a temperature of 300 K for the dynamics.
2-propanot-toluene solution and vacuum dried at @ overnight. The

yields and some properties of polysilarfes3 obtained in this work

are summarized in Table 1. We also gttempt_ed to synthea;i@-zt Acknowledgment. The authors would like to thank Drs.
methylbutoxyphenyl-substituted polysilane with a long alkyl chain by Hideaki Takayanagi, Masao Morita, and Keiichi Torimitsu for
a similar method: poly}-hexylm-(§-2-methylbutoxyphenylsilanefj. support. Dr. Akihiro Ohira is acknowledged for the molecular

High molecular weight polymers were not obtained, however, presum- ,acnanics calculations. This work was supported by CREST

ably due to high steric hindrance. (In this work, we also desired to (Core Research for Evolutional Science and Technology) of JST
investigate the molecular weight and polydispersity dependency of the 3 Sci d Technol C ti
observed chiral assembly phenomena; however, we could not extract( apan Science and Technology Corporation).

purified low molecular weight components of polysilaries3 by the

toluene/alcohol separation method due to the high solubility of the . . . ) .
products.) Supporting Information Available: Force field-calculated

Preparation of Polysilane AggregatesPolysilane aggregates were ~ Potential energy as a function of backbone dihedral angle for
prepared according to two methods. Method |1 The polysilane was isotactic and syndiotactic models fb{H-(R;Rz*Si)3c-H, where
initially dissolved in a good solvent (THF or toluene; concentrated, 1 R; = n-hexyl and R* = p-(9-2-methybutoxyphenyl), the
x 10~ mol-L~%). A poor solvent (methanol or acetonitrile) was then representative isotactic and syndiotactic models 3ofH-
gradually added into the solution containing the polysilane with (R;R,*Si)30-H, where R = methyl and R* = m-(9-2-
moderate stirring at room temperature. Method Il: A good solvent methybutoxyphenyl) and UV and CD spectra fand 3
solution containing the polysilane was gradually added into a poor aggregates at various toluene/acetonitrile ratios (Method 1)

solvent (the reverse solvent addition order method). After the samples B . : :
prepared by both methods were stirred for 3 min,-tNs/CD spectra ;T?Ez).';gl:%?:::esrgg;s available free of charge via the Internet

were measured.
Molecular Mechanics Calculation. Molecular mechanics calcula-
tions were performed using the Molecular Simulation Inc., Discover 3 JA00O0869H



