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Abstract: Three chiral N-methylfulleropyrrolidine bisadducts were prepared, isolated, and completely
resolved into each enantiomer using a chiral HPLC column, which were then converted to the corresponding
optically active, cationic Cso-bisadducts to investigate if they could act as a macromolecular helicity inducer
in a poly(phenylacetylene) bearing an anionic monoethyl phosphonate pendant (poly-1) in agqueous solution.
Upon complexation with the chiral Cgo-bisadducts, only the trans-3 bisadduct exhibited the characteristic
induced circular dichroism (ICD) in the UV—visible region of the polymer backbone in dimethyl sulfoxide—
water mixtures due to the predominantly one-handed helix formation of poly-1, while the trans-2 and cis-3
bisadducts induced almost no apparent CD in the same region. These results indicate that the helicity
induction on poly-1 is highly sensitive to the structure and geometry of the cationic Cgo-bisadducts with a
different distance between the separated charges.

Introduction

Recently, much attention has been paid to the design and
synthesis of ggcontaining polymers with a well-defined
structure because of their possible applications in the fields of
material and biological sciences.Varieties of Gg-based
polymers have been usually prepared by the polymerization or
copolymerization of the correspondinggbased monomers or fSA-cis-3 £sA-trans-2 £SA-trans-3
by the reaction of functional é derivatives with polymers,  Figure 1. Double-addition patterns of chiralsgbisadducts.
through which Go molecules can be incorporated in the polymer
main chain or the pendants, and their structures and propertieg?0ly(phenylacetylene) bearing a bulky 18-crown-6 ether pendant
then investigated in the bulk state or as thin filk#sVe have ~ upon complexation with.- or p-amino acids' These Go
previously developed useful methods for constructing novel containing polymers formed a predominantly one-handed helical
helical poly(phenylacetylenes) with pendang,@olecules in structure induced by the covalently bonded optically active
a one-handed helical array; one is the copolymerization of an substituents or noncovalent bonding chiral interactions between
achiral Gg-bound phenylacetylene with optically active phe- the crown ether pendants and amino acids, respectively, and
nylacetylenesand the other is the helicity induction on g€ the pendant fullerenes arranged in a helical array along the

based optically inactive, but dynamically racemic helical Polymer backbones, thus exhibiting a characteristic induced
circular dichroism (ICD) in the achiral fullerene chromophore

TNagoya University. region as well as in the main chain region.
* Gunma University. Here we report a novel method to construct a helical array
(1) For recent reviews, see: (a) Prato, 81.Mater. Chem1997, 7, 1097— . .
1109. (b) Chen, Y. Huang, Z.; Cai, R. F.; YU, B. Eur. Polym. J1998 of Cgo molecules along a polymer backbone using optically
34, 137-151. (c) Prato, M.; Maggini, MAcc. Chem. Re4998 31, 519~ active, cationic Ggrbisadducts as a helicity inducer in a
526. (d) Cravino, A.; Sariciftci, N. SJ. Mater. Chem2002 12, 1931~ i GO— . y .
1943. dynamically racemic helical poly(phenylacetylene) with an
(2) (a) Jensen, A. W.; Wilson, S. R.; Schuster, Biborg. Med. Chem1996 ioni i i i
767779, (b) Cassell A M Scrivens. Wi A Tour. 3. Ringew. Chem. aplonlc phosphonate pendant capable of interacting with ge C
Int. Ed. 1998 37, 1528-1531. (c) Nakamura, E.; Isobe, H.; Tomita, N.;  bisadducts.
Sawamura, M.; Jinno, S.; Okayama, Ahgew. Chem., Int. EQ00Q 39, ; H ;
22544258, (d) Isobe, H.: Sugiyama, S. Fukui, K. lwasawa, Y. The preparatlon.and cha}racterlgat|on Qf the-kisadducts
Nakamura, EAngew. Chem., Int. E@001, 113 3468-3471. (e) Ros, T. have aroused considerable interest in the field of fullerene chem-

D.; Bergamin, M.; Vaquez, E.; Spalluto, G.; Baiti, B.; Moro, S.; Boutorine, ; ; B ;
A Praio, MLEUr. J. Org, Chem2002 405413, (f Nakamura, .. Isobe, istry and advanced materials scieficehe Gso-bisadducts have

H. Acc. Chem. Re003 36, 807—815.
Nishimura, T.; Takatani, K.; Sakurai, S.; Maeda, K.; Yashimaikgew. (4) Nishimura, T.; Ohsawa, S.; Maeda, K.; YashimaCBem. Commur2004
Chem., Int. Ed2002 41, 3602-3604. 646-647.
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poly-3 DMSO/water

Induced one-handed helical structure
Figure 2. Schematic representation of the macromolecular helicity induction onuligh optically activesA-2a (trans-3).

eight regioisomers in principle, and among them, tifaes-3, trans-3
trans-2, andcis-3 regioisomers have &@,-symmetry and are

chiral due to their addition pattern (Figure 1). The complete trans-2 trans-4

isolation and characterization of eight regioisomers for tkge C 's ( cis-2
benzyne bisadducts have been achiévadd several enantio- . |
merically puretrans3, trans2, and cis-3 bisadducts were g F
obtained by using a tether-constraint methodby chromato-
graphic enantioseparation using chiral HPLC coluthihe
unique chiroptical properties of the chirakg&bisadducts and
their availability stimulated us to synthesize optically active,
cationic Gg-bisadducts 4) and investigate if such optically cis-1

active Go-bisadduct2 could induce macromolecular helicity jL ju . /L
on an optically inactive poly(phenylacetylene) bearing an anioniC o e e e e
monoethyl phosphonate residue (p8)-in aqueous solution ~ 3-2 3.1 3.0 2.9 28 5(ppm)27
(Figure 2). Poly3 is highly sensitive to the chirality of amines
and amino acids in organic solvettand watef respectively,
and the complexes show ICDs in the polymer backbone region; Results and Discussion
the Cotton effect signs corresponding to the helix-sense ofpoly-
can be used as a novel probe for the chirality assignments of
the chiral molecule%1°We anticipated that the cationic quater-
nary ammonium ions of the bis;N-dimethylfulleropyrrolidine
ammonium iodideZ) can bind to the oppositely charged poly- : .
electrolyte poly3 through electrostatic interactions in aqueous € Presence of sarcosine and paraformaldehyde, from which

solutions, leading to an excess of the one-handed helical sensé® chiral regioisomersla (trans-3) and 1b (trans-2), were
in the polymer backbone induced by the chirality of the bound isolated by HPLC according to the procedure reported by Prato

Ceo-bisadducts, which simultaneously results in a helical array ©t alt _ _ o _

of the Gsr-bisadducts along the polymer backbone with a pre-  However, the chirallc (cis-3) regioisomer was not isolated
dominant screw-sense. A similar helical array of achiral and N the literaturel? although three similar chiral bisadducts
cationic Go-monoadducts through electrostatic interactions with including acis-3 of N-(triethylene glycol mono methyl ether)-
the phosphate groups along the DNA backbone was reportedftlleropyrrolidine N-mTEG) prepared by a similar Prato
by Tour and co-worker& However, the chiroptical property ~ reaction were successfully isolat&We then carefully exam-

cis-J

trans-1

Figure 3. H NMR spectrum of the bisaddudtmixture before isolation.

Synthesis and Isolation of Chiral Goe-Bisadducts.Optically
active trans-3, trans2, and cis-3 Cgp-bisadducts Z) were
prepared according to Scheme 1. Thenethylfulleropyrrolidine
bisadducts 1) were synthesized by the Prato reaction ef i@

of the complex has not yet been reported. ined the!H NMR spectrum of the g-bisadducts 1) before
separation into the regioisomers. Th¢ NMR spectrum of the
(5) Reviews: (a) Hirsch, A'LOP- Curr. Chem1999 199, 1-65. (b)kDiederich,_ bisadduct mixtureX) showed nine proton peaks (two feyin
sz*;&vis,”kg_?hiﬁﬁﬁi,g, o, Red99d 2%5%1,,55‘33‘%“8%;'33;?’ Y5 theirN-methyl proton resonance regions (Figure 3). This clearly

(6) Nakamura, Y.; Takano, N.; Nishimura, T.; Yashima, E.; Sato, M.; Kudo, indicates that all eight possible regioisomers of the bisadducts
T.; Nishimura, JOrg. Lett.2001, 3, 1193-1196. includi heci iah . h
(7) (a) Nakamura, E.; Isobe, H.; Tokuyama, H.; SawamuraCvem. Commun. including thecis-3 (1) might be produced during the Prato

1996 1747-1748. (b) Nierengarten, J.-F.; Gramlich, V.; Cardullo, F.;  reaction (Chart 1). We then tried to isolate each regioisomer
Diederich, FAngew. Chemint. Ed. Engl.1996 35, 2101-2103. (c) Taki, ( ) 9

M.: Nakamura, Y.: Uehara, H.: Sato, M. NishimuraEhantiomer1998 using a recycling HPLC system and successfully isolated the
3, 231-239. (d) Ishi-i, T.; Nakashima, K.; Shinkai, S.; Ikeda, A.Org. i ioi i i s i i
Chem.1999 64, 984-990. (e) Kessinger, R.; Thilgen, C.; Mordasini, T.; elght regioiIsomers I.nCIUdmg t 3 anc_ic]srl. The assignments
Diederich, F.Helv. Chim. Acta200Q 83, 3069-3096. (f) Sergeyev, S.; Were performed witftH NMR, UV—visible, and mass spec-
Diederich, F.Angew. Chem Int. Ed. Engl.2004 43, 1738-1740. P _ i ini

(8) Nakamura, Y.; O-kawa, K.; Nishimura, T.; Yashima, E.; Nishimural, J. troscoples. The FA,B MS measurements of all EIgh'[ _reg|0|somers
Org. Chem2003 68, 3251-3257, and references therein. gave a molecular ion peak afiz= 834 corresponding to the

© 704{1{’;0“" H.; Maeda, K.; Yashima, £.Am Chem Soc 2001, 123 7441~ desired bisadduct. Therefore, the eighmethyl proton peaks

(10) (a) Onouchi, H.; Kashiwagi, D.; Hayashi, K.; Maeda, K.; Yashima, E.
Macromolecule004 37, 5495-5503. For the helicity induction on pol§- (11) Pasimeni, L.; Hirsch, A.; Lamparth, I.; Herzog, A.; Maggini, M.; Prato,
upon complexation with optically active glutamate-based dendrons in M.; Corvaja, C.; Scorrano, G. Am. Chem. Sod997, 119, 12896-12901.
DMSO, see: (b) Kamikawa, Y.; Kato, T.; Onouchi, H.; Kashiwagi, D.;  (12) Kordatos, K.; Bosi, S.; Ros, T. D.; Zambon, A.; Lucchini, V.; Prato,JM.
Maeda, K.; Yashima, EJ. Polym. Sci., Part A: Polym. Chenin press. Org. Chem 2001, 66, 2802-2808.

11712 J. AM. CHEM. SOC. = VOL. 126, NO. 37, 2004



Ceo-Bisadduct Macromolecular Helicity Induction

ARTICLES

Scheme 1.

CHgl

Synthesis of f$A- and "sC-2a (trans-3), -2b (trans-2), and -2c (cis-3)

Separation by HPLC  Resolution by

chiral HPLC

Silica gel column

HaC fsa-2b tsc-2p CHs

in Figure 3 can be finally assigned. On the basis of the integral the Gso-bisadducts in the Prato reaction are estimated to be
ratio of theN-methyl proton resonances, the relative yields of trans1:trans2:trans3:trans-4:equatorialcis-3:.cis-2.cis1 =

25

22.9 B N-methyl
20.4 I:I N-mTEG
50 19.8 0 19.8
. 17.0 17.7
& 15.3
o
-
@
2 104
5 10 8.2
[:1]
o
53737 46
] 1.61.4
0 —

A % i@ LN ) A
R o7 o “a“ﬁh P A A

Figure 4. Relative yields of the gg-bisadductsN-methylfulleropyrrolidine
(1 in Scheme 1) and\-(triethylene glycol mono methyl ether)fulleropyr-
rolidine (N-mTEG). The relative yields df were estimated by the integral
ratio of theirN-methyl proton resonances in thd NMR spectrum of the
mixture (Figure 3) and those &-mTEG were cited from ref 12.

3.7:17.0:19.8:15.3:19.8:8.2:14.9:1.4 (Figure 4). This regiose-
lectivity in the formation of theN-methyl Prato reaction was
similar to that of the previously reportédttmTEG (Figure 4):2

The isolated racemita, 1b, and1lcwere completely resolved
into their enantiomers™¥A- and "sC-enantiomers) by chiral
HPLC using Chiralpak AD-Ff as the chiral stationary pha%e.
The representative chromatograms for the resolution of each
chiral bisadduct are shown in Figure 5. The separation factors
(o) are 1.28 (&), 1.30 @b), and 1.96 {0), respectively, and
the base-line separation of the enantiomers was attained for all
the regioisomers. The resolved enantiomers were then treated
with an excess amount of iodomethane to give the corresponding
quaternary ammonium salg, 2b, and2c (Scheme 1} which

(13) (a) Yashima, E.; Okamoto, Bull. Chem. Soc. Jpnl995 68, 3289—
3307 (b) Yashima, E.; Yamamoto, C.; Okamoto, Synlett1998 344—
360. (c) Okamoto, Y.; Yashima, Bngew. Chem., Int. EA998 37, 1020~
1043. (d) Yamamoto, C.; Okamoto, Bull. Chem. Soc. Jpr2004 77,
227-257.

(14) Bullard-Dillard, R.; Creek, K. E.; Scrivens, W. S.; Tour, J. Bioorg.
Chem.1996 24, 376-385.
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Figure 5. HPLC chromatograms for the enantioseparation gftfisadductsla (A), 1b (B), and1c (C) using a chiral column (Chiralpak AD-H) with
hexane/2-propanol (9/1 (v/v)) as the eluent.
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Figure 6. CD spectra of thésA- and’sC-enantiomers oa (A), 2b (B), and2c (C) in DMSO (0.5 mg/mL) at 25C.

Chart 1. Structures of the possible eight regioisomers of 1

N
CHjz
trans-1 £SA-trans-2
1d) (1b) (1a) (1e)

equatorial £3A-cis-3 cis-2 cis-1

(1f) (1c) (1g) (1h)

are soluble in dimethyl sulfoxide (DMSO) and DMS@ater bisadducts are determined by the addition pattern, independent
mixtures, but insoluble in pure water. The CD spectra of these of the substituents.

optically active, cationic gg-bisadduct®a, 2b, and2cin DMSO Helicity Induction on a Poly(phenylacetylene) with Chiral

are shown in Figure 6. Each pair of enantiomers clearly Cgp-Bisadducts.We then measured the CD spectra of p8ly-
exhibited mirror image CDs from each other. The absolute (its number average molecular weight was £.90%%1%in the
configurations of the enantiomeric pairsid, 1b, andlcwere presence ofsA- and’sC-2a ([2&]/[poly-3] = 0.1) in a DMSCG-
assigned as shown in Figures 5 and 6 on the basis of their CDwater mixture (1/1 (v/v)) (Figure 7A). Figure 7B shows the
patterns of the optically purans3, trans2, andcis-3 Cgo- differential CD spectra, where the contributions arising from
benzyne bisadducts, since the CD patterns of the chiral the CD absorption due to the optically acti2e's themselves

11714 J. AM. CHEM. SOC. = VOL. 126, NO. 37, 2004
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Figure 7. CD spectra of pol\3 (A) in the presence ofSC-2a at 25°C (blue line) and*A-2a at 25 (red line) and OC (green line) (al/[poly-3] = 0.1,
[poly-3] = 0.5 mg/mL) in DMSO-water (1/1 (v/v); pH 9.5) and the differential CD spectra (B) between the pely-complexes and the corresponding

fsC-2a at 25°C (blue line) andsA-2a at 25 (red line) and OC (green line).

are subtracted from the observed CD spectra of the pol¥-
complexes in Figure 7A. The poly-complexed with"SA-2a
and fsC-2a exhibited intense and characteristic ICDs in the
m-conjugated polymer backbone region (3800 nm) in the
DMSO—water mixture (1/1 (v/v)), and the ICDs are mirror
images of each other (Figure 7B). The differential CD spectral
patterns are in fair agreement with those of the helical Soly-
induced by optically active amines and amino acids in DMSO
and water, respectivelf.Moreover, the differential CD mag-
nitude of the poly3—"sA-2a complex in the polymer backbone

region increased with the decreasing temperature, whereas the

CD spectra of thé'sA-2a hardly changed with temperature.
These results indicate that a predominantly one-handed helical
conformation is induced on pol§-through a noncovalent
bonding interaction with the chiralggbisadducts and the single-
handedness excess in pdylso increased with the decreasing
temperature, although the temperature effect was not significant.
Previously, we demonstrated that dynamic helical poly(pheny-
lacetylene)s including polg-are highly sensitive to a chiral
environment, and a small chiral bias, such as the addition of a
small amount of chiral molecules that can interact with the
polymer’s side groups, significantly enhances the macromo-
lecular helicity with a large amplificatioh?15

The CD titration using-A-2a was then performed in order
to investigate if such a chiral amplification process during the
helix induction in the polymer backbone of pdywith 2a could
be possible, resulting in the helical array2# (Figure 8). The
CD intensity derived from the induced helical p@yncreased
with an increase in the concentration’®.-2a and reached an
almost constant value atsp-2a]/[poly-3] = 0.2. Plots of the
differential CD intensities of the second Cotton at 370 nm
([0]370) of the poly3—sA-2a complex as a function of the
concentration ofsA-2a gave a saturation binding isotherm. The
Hill plot analysis of the data resulted in the apparent binding

(15) (a) Nonokawa, R.; Yashima, E.Am. Chem. So2003 125, 1278-1283.
(b) Nonokawa, R.; Oobo, M.; Yashima, Blacromolecules2003 36,
6599-6606. For reviews: see: (c) Green, M. M.; Peterson, N. C.; Sato,
T.; Teramoto, A.; Cook, R.; Lifson, Sciencel995 268 1860-1866. (d)
Green, M. M.; Park, J.-W.; Sato, T.; Teramoto, A.; Lifson, S.; Selinger, R.
L. B.; Selinger, J. VAngew. Chem., Int. EdL999 38, 3138-3154. (e)
Nakano, T.; Okamoto, Y.Chem. Re. 2001 101, 4013-4038. (f)
Cornelissen, J. J. L. M.; Rowan, A. E.; Nolte, R. J. M.; Sommerdijk, N. A.
J. M.Chem. Re. 2001, 101, 4039-4070. (g) Brunsveld, L.; Folmer, B. J.
B.; Meijer, E. W.; Sijpbesma, R. Ehem. Re. 2001, 101, 4071-4097. (h)
Fujiki, M. Macromol. Rapid Commur2001, 22, 539-563. (i) Yashima,
E.; Maeda, K.; Nishimura, TChem. Eur. J2004 10, 42—-51.

+»—0.01

[6l370 X 10 (degree cm? dmol)

0

T T T
005 01 0.5 02 025
Molar ratio of SA-2a to poly-3

Figure 8. Plots of [f]s7ofor the induced helical polg-(0.5 mg/mL) versus
the concentration dffA-2ain DMSO—water (1/1 (v/v); pH 9.5) at 25&)

and 0°C (O). The pH was adjusted with NaOH at room temperature. A
curve in the plots at 28C was calculated using parameters determined
from the fits to the solid lines in the Hill plots.

0

constantK) of 5.0 x 10* M1 at 25°C with a Hill coefficient
of 1.1416

On the other hand, the magnitude of the ICD in the @®ly-
main chain region decreased by adding NaCl and was signifi-
cantly influenced by the pH as shown in Figure 9A, B,
respectively, which indicates that the nature of the interaction
between poly3 and 2a may be mainly ionic rather than
hydrophobic in an aqueous soluti®#’

A possible model for the induced helical structure of p8ly-
complexed with"sA-2a is shown in Figure 2, in which the
fullerenes arrange in a helical array along the polymer backbone.
The molecular model indicates that the two quaternary am-
monium ion residues on theggsurface bind to the oppositely
charged phosphonate pendants of pdlir a chelation-type
binding manner through electrostatic interactions (Figure 10A).

We then performed the same helicity induction experiments
for poly-3 using the other chiral §-bisadducts Zb and 2¢).
However, the addition of the optically actisans2-2 ("SA- or
fsC-2b) to poly-3 ([2b]/[poly-3] = 0.1) resulted in the precipita-

(16) (a) Connors, K. ABinding ConstantsWiley: New York, 1987. (b)
Yashima, E.; Maeda, K.; Sato, @. Am. Chem. SoQ001, 123 8159-
8160.

(17) Saito, M. A.; Maeda, K.; Onouchi, H.; Yashima,Macromolecule200Q
33, 4616-4618.
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Figure 9. (A) Dependence of ICD intensity f]s70) of the induced helical pol-on NaCl concentration in the complexation of p@y©.5 mg/mL) with

fsA-2a ([FsA-2a)/[poly-3] = 0.1) in DMSO-water (1/1 (v/v)) at 23C. The solution pH values are shown in the parentheses. (B) The pH dependence of ICD
intensity ([]z70) of the induced helical polg-in the complexation of poly3 (0.5 mg/mL) with"sA-2a ([FsA-2a]/[poly-3] = 0.1) in DMSO-water (1/1 (v/v))

at 25°C. The pH was adjusted with HCI and NaOH aqueous solution at room temperature.

Figure 10. Possible interaction models of poBmwith optically activetsA-2a (trans-3) (A), fsC-2b (trans-2) (B), and"sA-2¢ (cis-3) (C). The methyl groups
on the nitrogens are omitted for clarity.

tion of the poly3—2b complex in DMSG-water mixtures. This located together. The polg—2c complex ([poly3] = 0.5 mg/
may be because the two cationic quaternary ammonium groupsmL; [2c)/[poly-3] = 0.1 and 0.7), however, did not show any
of 2b are separated from each other, and a similar chelation- CD in the polymer backbone region in a DMS@ater mixture
type binding to the poly8 pendants as seen in the pdy-2a (1/1 (v/v)). The reason for this is not clear at this time, but
complex seems to be difficult, so th2ib may intermolecularly molecular modeling studies suggest that the chirally arranged,
interact with poly3, which leads to the precipitation of the two ammonium groups a2c may not be favorably located to
complexes. The mixture was then diluted ([p&ly= 0.02 mg/ form a complex with poly3 in such a way that both of the two
mL; [2b]/[poly-3] = 0.1) to measure the CD of the transparent ammonium groups form simultaneous ionic bonding to the
solution, but we could not observe any apparent CD in the neighboring two phosphonate groups of p8ljike the poly-
polymer backbone region. We note that the pdty2a complex 3—2a complexation (Figure 10A). Probably, only one am-
exhibited almost the same CD spectrum under the same dilutedmonium group ofc may participate in the ionic complexation
conditions. with one phosphonate group in pay¢Figure 10C), because
Thecis-3 bisadduc®c was first considered to be more effec-  the distance of the two ammonium groupLiis 7.2 A (Figure
tive than2a for the helicity induction on poly3, since the two 10C), which is longer than that of the nearest adjacent two
quaternary ammonium groups o2c are more closely phosphonate groups of poB/{4.9 A) and shorter than that

11716 J. AM. CHEM. SOC. = VOL. 126, NO. 37, 2004
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Figure 11. Tapping-mode AFM height images of poB/A) and poly3—"sC-2a complex (B) cast from a dilute solution (0.02 mg/mL (A) and 0.05 mg/mL
(B)) in a DMSO-water mixture (1/1 (v/v)) on mica. The height profiles measured along the green lines in the images are also shown (bottom).

of the two phosphonate groups of p@y©.6 A; Figure 10).
Similarly, for thetrnas2 bisadduct Zb), the distance of the
two ammonium groups of which (11.7 A) is too long to form
a geometrically fitted, chelation-type complexation with the two
phosphonate groups in poB/{Figure 10B). Since these bis-
adducts are rigid and have no flexibility, and a structural speci-
ficity or geometric fitness is required for thes&bisadducts to
form a complex with poly3, resulting in an induced macro-
molecular helicity with a one-handed helical array of the
bisaddductg?

Atomic force microscopy (AFM) measurements were carried
out to gain an insight into the structure and morphology of the
poly-3—fsC-2acomplex. Figure 11 shows typical AFM images
of poly-3 with and without'sC-2a deposited on a freshly cleaved

inducer to produce a predominantly one-handed helical poly-
(phenylacetylene) in DMS©water mixtures. This is the first
example of the prevailing helix formation of an optically inactive
polymer induced by chiral é&-bisadducts through noncovalent
bonding interactions, which further results in a helical array of
the Gsg-bisadducts with a predominant screw-sense along the
polymer backbone. We have recently reported that the macro-
molecular helicity of poly3 induced by chiral amines can be
effectively “memorized” when the chiral amines are replaced
by achiral amine&% Therefore, this memory effect combined
with the present results implies that the macromolecular helicity
of poly-3 induced by chiral g-bisadducts may be memorized
by achiral Go derivatives, which will offer another useful
method to arrange §g molecules in a helical array with a

mica surface. Individual polymer chains can be seen in each predominantly one-handed screw-sense.

image. The height profiles of the cross-sections of the complexes

in Figure 11B are uneven; low (0-®.6 nm) and high (1.6
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Conclusions

In summary, we have found that the geometrically favorable,
chiral cationic Gg-bisadduct can be used as a novel helicity
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