7098

Macromolecule2007,40, 7098-7102

Helix-Sense Tunability Induced by Achiral Diene Ligands in the
Chiral Catalytic System for the Helix-Sense-Selective Polymerization
of Achiral and Bulky Phenylacetylene Monomers

Takashi Kaneko,*T Yasuhiro Umeda} Honge Jia} Shingo Hadano!§
Masahiro Teraguchi,"*” and Toshiki AokiT+8H

Center for Transdisciplinary Research, and Graduate School of Science and Technology, and
Venture Business Laboratory, and Department of Chemistry and Chemical Engineering,
Faculty of Engineering, Niigata Unersity, lkarashi 2-8050, Niigata 950-2181, Japan

Receied June 22, 2007; Resed Manuscript Receed July 20, 2007

ABSTRACT: Helix-sense-selective polymerization{df-[(3,5-ditert-butyl-4-hydroxyphenyl)(3,5-diert-butyl-
4-oxo-cyclohexa-2,5-dienylidene)methyl]phefadetylene (abbreviated as (4-ethynylphenyl)hydrogalvinoxyl) was
promoted by [Rh(cod)Cj]and [Rh(nbd)CH catalyst in the presence dR)-(+)-1-phenylethylamine or§)-(—)-
1-phenylethylamine (PEA). The [Rh(cod)gHatalyst system gave red polymers whose CD spectra showed the
stronger Cotton effect though the yield{2%) and molecular weight{, = (1.1-1.4) x 10*) were lower than

those of polymers obtained by [Rh(nbd)CIMoreover, we investigated the effect of bulkiness of the catalyst,
cocatalyst, and monomer on helix-sense-selective polymerization of (4-ethynylphenyl)hydrogalvinoxyl in the
presence of §)-PEA. The CD patterns of polymers obtained by [Rh(nbd)@hd [Rh(cod)CH were nearly

mirror image of each other, except for the magnitudes of the signals in spite of the same chiral condition, i.e., in
the presence ofR)-PEA. That is, [Rh(nbd)C}] and [Rh(cod)CH catalysts generateB-helix and M-helix,
respectively. This is a novel result, since the control of helix sense is usually achieved by enantiomeric moieties
of catalysts or initiators for the helix-sense-selective polymerization.

Introduction Scheme 1

The synthesis and processing of optically active helical \\
polymers (OAHPs) are some of the most fascinating subjects R Chiral amine
in the field of intelligent polymer architecturé©AHPS promise
interesting technological applications in optical resolufion,
chiral sensor8,chiroptics? microelectronic$,and chiral mag- R= OH
net$ due to the disymmetric nature of one-handed helical sense. 0C1zHas
Helix-sense-selective polymerization, using chiral catalysts or O /
chiral initiators, is a possible method of obtaining various one- OH
handed helical polymers since the process demands no chiral
moiety in the monomer, giving increased flexibility to monomer

Rh complex

design. We have already succeeded in the helix-sense-selective 2 ox
polymerization of achiral phenylacetylenes, using the catalyst a:X=—H
[Rh(nbd)CI} (nbd = 2,5-norbornadiene), in the presence of b X = —C
optically active 1-phenylethylamine (PEA)1° For example, T ToH,

monomerl gave the corresponding polymer pdly( which
showed clear Cotton effects in the CD spectrum attributed to
rigid and one-handed helical conformation in solution and whose
conformation is kinetically stabilized by intramolecular hydrogen
bonds among hydroxyl groups in poly("-¢ Monomer2a also
polymerized to give the corresponding polymer p2bj( also
showing Cotton effects in the CD spectrum, though pedy(

has no intramolecular hydrogen bonds in the polyPi&rn

this study, we investigated, in detail, the effect of bulkiness of PEA. This is a novel result, since the control of helix sense is
the catalyst, cocatalyst, and monomer on helix-sense-selectiveysually achieved by enantiomeric moieties of catalysts or
polymerization and found that the helix sense was controlled initiatorsi4-17 for the helix-sense-selective polymerization.

by achiral diene ligands despite using the same enantiomer of

Experimental Section

* To whom correspondence should be addressed. E-mail: kanetaka@ Materials. Monomer 1 was synthesized as previously de-
gs.Tnugata-uf.ac.Jp. discipli h Ni o scribed!® (Bicyclo[2.2.1]hepta-2,5-diene)chlororhodium(l) dimer
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ene)rhodium(l) dimer (Kanto Chemical Co.) were used without

o Department of Chemistry and Chemical Engineering’ N||gata Univer- further purification. Other conventional I’eagents were used as-

sity.

received or purified by conventional methods.
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Table 1. Helix-Sense-Selective Polymerization of Phenylacetylene Derivatives Using [Rh(®od nbd?)Cl], in the Presence of Chiral Amine$

[0]mad (10 deg cnd dmol-?)

no. diene ligands monomers solvents yi¢td) Mnd (x 10% My/Mpd at 400 nm at 530 nm
1 cod 2a (R)-PEA2 3 11 15 2.1 -1.0
2 (9-PEA 2 1.4 1.4 2.0 0.99
3 CHCL/(R)-PEA! 2 0.95 4.5 —2.8 -1.6
4 EtOH/R)-PEA! 6 1.6 1.7 —2.8 -1.3
5 EtOH/R)-PEAY 4 0.9 1.4 -27 -1.3
6 EtOH/R)-NEA2f 3 1.9 14 —-3.3 -15
7 2b CHCIy/(R)-PEAf 2 11 1.8 -1.2 -0.37
8 3 (R-PEA 2 36 2.2
9 EtOH/R)-PEA 16 3.3 2.0

10 nbd 2a (R)-PEA 10 4.4 1.8 0.76 0.41

acod = 1,5-cyclooctadiene, nbek 2,5-norbornadiene, PEA: 1-phenylethylamine, and NEA: 1-(1-naphthyl)ethylaming’ [Monomer} = 0.1 M,
[monomer/[cat.Jo = 50, 25°C, 0.5 h.c Hexane-insoluble fraction fd?a and2b and methanol-insoluble fraction f@ 9 Measured by GPC calibrated with

polystyrene standar&Molar ellipticity maxima at 20C in chloroform, except for no. 7 (in tetrahydrofurahNon-amine/amine= 9:1 (v/v). 9 Non-amine/
amine= 99:1 (V/v).
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Figure 1. CD and UV~vis absorption spectra of poB#) and poly- .
(3) at 20°C in chloroform (1.0 mM). Solid line: polya) obtained by Sﬂ‘
the polymerization using [Rh(cod)Glin (9-PEA, no. 2 in Table 1.
Dashed line: polyg) obtained by the polymerization using [Rh(cod)- '

Cl]z in (R)-PEA, no. 8 in Table 1. Figure 2. Mirror images of (a) polyZa) and (b) polyB8) with cis-

transoidal helical conformation. Full racemization of pajg)requires
Polymerization. An appropriate amount of (typically, 0.5 not only helix inversion but also inversion of the galvinoxyl moiety.

1.0 g) was placed in a Schlenk tube equipped with a three-way i )
stopcock, a rubber septum, and a Teflon-coated magnetic stirring R€sults and Discussion

bar. The tube was placed under vacuum, followed by a nitrogen  The monomers were polymerized by [Rh(cod)Qod =

backflush. Solvent was transferred to the tube, and the monomer, - ; ; : :
was dissolved with stirring. Predetermined amounts of the Rh 1,5-cyclooctadiene) in the presence of chiral amine cocatalysts

complex catalyst dissolved in the solvent were added to the stirred(SCheme 1). The pplym_enzatlon data for _these resultant
solution of monomers. Details of the polymerization conditions are POlymers are summarized in Table 1. A red solid polymer poly-
tabulated in Table 1. The reaction solution was poured into hexane (28) was obtained by precipitation from the polymerization
to yield polymer precipitate, and then the precipitate was washed Mixtures into hexane. There, negative and positive Cotton effects
with hexane and then dried in vacuo to give a red polymer. were observed for the polymers obtained by polymerization
Measurements.Average molecular weightdv, andM,,) were using R)-PEA and §-PEA as solvent in the absorption region
evaluated by GPC using Hitachi 655A-11 liquid chromatograph (450-600 nm) of the backbone chromophore, respectively,
instruments (polystyrene gel columns (Shodex KF-806L), THF indicating an excess of one-handed helical polyacetylene
eluent, polystyrene calibration). CD and YVis absorption spectra  backbone. Split-type-induced CD signals, which are mirror
were recorded using a Jasco J-720WI spectropolarimeter with ajmages of each other, also appear in the absorption region
Peltier controller for temperatures at 20 (a quartz cell of 1 mm (420 nm) of the hydrogalvinoxyl chromophore. It is clear that
path length; sample concentration 0.1-1 mM based on the  |qjiy_sense-selective polymerization occurred in the presence
monomer unit) and were analyzed using the associated J-700 e chiral PEA because no Cotton effects were observed for
software. . . . . .
the solution of achiral or racemic polymers, which were obtained

carried out on a PC equipped with an Intel Pentium D processor from polymerization in the presence of achiral triethylamine or
(3.0 GHz) using Spartan '04 for Windows (Wavefunction Inc., rad%ergli: F;EA elwt—:‘_n when excess amounts RIFREA were
Irvine, CA). Each reaction in the plausible polymerization mech- adaded to the solu |0n._ ) o )
anism was characterized at the PM3 level, as shown in the There are two possible reasons for helix selectivity during
Supporting Information. polymerization: one is an interaction between the Rh complex

Semiempirical Calculations.Semiempirical calculations were
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Figure 3. CD and UV-vis absorption spectra of poB#) at 20°C in
chloroform (1.0 mM). Solid line: polymer obtained by polymerization
using [Rh(cod)CHin (R)-PEA, no. 1 in Table 1. Dashed line: polymer
obtained by polymerization using [Rh(nbd)€ih (R)-PEA, no. 10 in
Table 1.
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role in helix-sense-selective polymerization. Pab)((Table 1,
nos. 3-5), which was obtained by polymerization in chloroform
or ethanol as solvents, showed similar or larger Cotton effects
than poly@a) of no. 1 in Table 1. The hydroxyl group &a
interacted most with the chiral amine in the monomer, which
was explained by the bluish PEA solution, indicating the
formation of phenolate anionic species @b However,
monomer2b, whose hydroxyl group was protected by an acetyl
group compared t@a, also polymerized to give pol2b), which
showed clear and similar Cotton effects in tetrahydrofuran
solution. The polymerization a2a in the presence ofR)-1-
(2-naphthyl)ethylamine, which is more bulky thaR){PEA,
gave polyRa) with larger Cotton effects compared to p&g{

of no. 4 in Table 1.

Additionally, when excess amounts d&R)(PEA were added
to the solution of polyZa) of no. 2 in Table 1, the CD signal
intensity did not change. This behavior is in contrast to poly-
((4-carboxyphenyl)acetylene), whose helical conformation was
easily inverted by the addition of chiral amin€st can be seen
that the chiral catalyst system, the chiral amine coordination
Rh complex, promotes the helix-sense-selective polymerization
of achiral monomeRa, and the one-handed helical conformation
of the resultant polymer pol28) was kinetically stabilized by
the achiral side group’s own bulkiness, as observed from the

of the propagating point and the chiral amine; another is an Cotton effect in the CD spectrum. The effect of bulkiness on
interaction between the monomer and chiral amine. However, stability of the helical conformation is discussed in the following
the experimental results indicate that the former play a major section.

Figure 4. Plausible propagation mechanism for the helix-sense-selective polymerizatRausing (a) [Rh(nbd)C} and (b) [Rh(cod)CH in

(R)-PEA and PM3-optimized structure of polymerization intermediates for the Rh complexes with (c) nbd and (d) cod ligands which coordinate

(R)-PEA, phenylacetylene, and MMFF94-optimized poly(phenylacetylene) with four monomer units.
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We previously reported success in the polymerization of selective polymerization was controlled by the bulkiness of
phenylacetylene monomers with very bulky dendritic side achiral diene ligands in combination with chiral PEA as chiral
chains, constructed of the phenyleneethynylene repeatingbias?®
units using [Rh(nbd)C}] catalyst, to yield the corresponding
poly(phenylacetylene)s with extraordinary high degrees of
polymerizationt®~?? One of them, monome3,'*?was polym- Grant-in-Aid for Exploratory Research (No. 14655344, 16655083,
erized by [Rh(cod)C}jin the presence oRR)-PEA to give poly- and 15655039), for Science Research in a Priority Area “Super-
(3). However, the CD spectrum of the obtained polymer almost Hierarchical Structures” (No. 19022009 and 19022010), and for
never showed clear Cotton effects compared to @alyand Young Scientists (A) (No. 17681010) from Ministry of Educa-
poly(2b) (Figure 1). Although both poly@) and polyB) have tion, Culture, Sports, Science and Technology, by a Grant-in-
very bulky side groups bearing fotert-butyl groups, poly2a) Aid for Scientific Research (No. 16350061) from JSPS, by a
has geometrical characteristics where the rotational conformationGrant for the Promotion of Niigata University Research Projects,
changing at the quinone methide moiety is inhibited by its own by Mukai Science and Technology Foundation, and by the Asahi

Acknowledgment. This work was partially supported by a

double bond, and the bond axis connected to backbone chainGlass Foundation.

has no rotational symmetry for the side group. The former

enhances the effect of steric hindrance and the latter indicates Supporting Information Available: CD and UV-vis absorp-
that helix inversion does not lead to the enantiomer unless thetion spectra of poly) in Table 1; semiempirical calculation analysis

galvinoxyl moiety rotates 180around the bond axis connected
to the backbone chain or the proton exchange of hydrogalvinoxyl
arises between the hydroxyl group and the quinone methide
moiety (Figure 2). These facts may be why the Cotton effects
were observed only in the CD spectra of p@ig( and poly-
(2b).

The [Rh(cod)Cl} catalyst system for the polymerization of
2 yielded a red polymer, whose CD spectrum showed a larger
Cotton effect though the yield and molecular weight were lower
than those of the polymer obtained by the [Rh(nbd)Cditalyst
system. Moreover, the CD signals of the polymers obtained by
polymerization using [Rh(cod)Gland [Rh(nbd)CH were nearly
mirror image of each other, except for the magnitudes of the
signals, despite using the same chiral environment, i.e., in the
presence of R)-PEA (Figure 3). It is known that some
polyisocyanidedl-1* polymethacrylate$?15 polyaldehyded?®
poly(2,3-quinoxaline)3’ and polyguanidiné$ were obtained
by the helix-sense-selective polymerization of achiral monomers
using chiral catalysts or chiral initiators. Their helix sense was
controlled by the chirality of the enantiomeric units in the
catalysts or initiators, except for some polymethacrylates whose
sense-selective mechanisms were unkn&i¥ar poly@a), we
have already reported the relationship between its helical
conformation and CD spectrum using the molecular modeling
and the exciton chirality methdd.The results indicated that
poly(2a), with the positive second Cotton effect attributed to
the hydrogalvinoxyl chromophore at 400 nm, possessed the
positive dihedral angle between the double bonds of backbone,
i.e., P-helix (right-handed helix). Therefore, for polymerization
in the presence ofR)-PEA, poly@a) from [Rh(nbd)CI} and
[Rh(cod)CI}L were assigned tB-helix andM-helix, respectively.
On the basis of the above results and the polymerization
mechanism using Rh complex catalyst, which was investigated
in detail?*28 the plausible polymerization mechanism related
to the helix-sense selectivity is shown in Figure 4. In the
schematic drawing, each phenyl group of PEA is placed on the
near side of the smaller nbd and the opposite side of the larger
cod. This speculation was supported by semiempirical molecular
orbital calculation as described in the Supporting Information.

Conclusions

We have succeeded in the helix-sense-selective polymeriza-
tion of 2a and2b using [Rh(cod)CH and [Rh(nbd)C} in the
presence of chiral amines. The CD patterns of the polymers
given by [Rh(cod)CH and [Rh(nbd)CH were nearly mirror
image of each other, except for the magnitudes of the signals,
despite the same chiral condition, i.e., in the presenc&)pf (
PEA. This indicates that the helix sense in the helix-sense-

for the helix-sense selectivity related to the plausible polymerization
mechanism. This material is available free of charge via the Internet
at http://pubs.acs.org.

References and Notes
(1) Forrecentreviews, see: (a) Aoki, Frog. Polym. Sci1999 24, 951.

(b) Feringa, B. L.; van Delden, R. A.; Koumura, N.; Geertsema, E.
M. Chem. Re. 200Q 100, 1789. (c) Pu, LMacromol. Rapid Commun.
200Q 21, 795. (d) Cornelissen, J. J. L. M.; Rowan, A. E.; Nolte, R.
J. M.; Sommerdijk, N. A. J. MChem. Re. 2001, 101, 4039. (e)
Nakano, T.; Okamoto, YChem. Re. 2001, 101, 4013. (f) Green, M.
M.; Cheon, K.-S.; Yang, S.-Y.; Park, J.-W.; Swansburg, S.; Liu, W.
Acc. Chem. Re2001, 34, 672. (g) Hill, D. J.; Mio, M. J.; Prince, R.
B.; Hughes, T. S.; Moore, J. Ehem. Re. 2001, 101, 3893. (h) Fujiki,

M. Makromol. Chem., Rapid Commu2001, 22, 539. (i) Yashima,
E.; Maeda, K.; Nishimura, TChem—Eur. J.2004 10, 42. (j) Aoki,

T.; Kaneko, T.; Teraguchi, MPolymer2006 47, 4867.

(2) (a) Aoki, T.; Shinohara, K.; Oikawa, BMakromol. Chem., Rapid

Commun.1992 13, 565. (b) Aoki, T.; Kokai, M.; Shinohara, K.;
Oikawa, E.Chem. Lett.1993 2009. (c) Shinohara, K.; Aoki, T;
Oikawa, E.Polymer1995 36, 2403. (d) Aoki, T.; Shinohara, K;
Kaneko, T.; Oikawa, EMacromoleculesl996 29, 4192. (e) Aoki,
T.; Kobayashi, Y.; Kaneko, T.; Oikawa, E.; Yamamura, Y.; Fujita,
Y.; Teraguchi, M.; Nomura, R.; Masuda, Macromoleculesl999
32, 79. (f) Shinohara, K.; Aoki, T.; Kaneko, T. Polym. Sci., Polym.
Chem. Ed2002 40, 1689. (g) Teraguchi, M.; Suzuki, J.; Kaneko, T.;
Aoki, T.; Masuda, TMacromolecule2003 36, 9694. (h) Aoki, T.;
Fukuda, T.; Shinohara, K.; Kaneko, T.; Teraguchi, M.; Yagi, M.
Polym. Sci., Polym. Chem. EA004 42, 4502. (i) Teraguchi, M.;
Mottate, K.; Kim, S.-Y.; Aoki, T.; Kaneko, T.; Hadano, S.; Masuda,
T. Macromolecule005 38, 6367. (j) Aoki, T.; Kaneko, TPolym.

J. 2005 37, 717.

(3) (a) Green, M. M.; Peterson, N. C.; Sato, T.; Teramoto, A.; Cook, R.;

Lifson, S. Sciencel995 268 1860. (b) Yashima, E.; Matsushima,
T.; Okamoto, Y.J. Am. Chem. S0d997 119, 6345. (c) Nakashima,
H.; Koe, J. R.; Torimitsu, K.; Fujiki, MJ. Am. Chem. SoQ001
123 4847. (d) Shinohara, K.; Aoki, T.; Kaneko, T.; Oikawa, E.
Polymer2001, 42, 351. (e) Miyagawa, T.; Furuko, A.; Maeda, K.;
Katagiri, H.; Furusho, Y.; Yashima, B. Am. Chem. So005 127,
5018 and references therein.

(4) (a) Ueno, A.; Takahashi, K.; Anzai, J.; Osa,J.Am. Chem. Soc.

1981 103 6410. (b) Langeveld-Voss, B. M. W.; Janssen, R. A. J.;
Christiaans, M. P. T.; Meskers, S. C. J.; Dekkers, H. P. J. M.; Meijer,
E. W.J. Am. Chem. S0d.996 118 4908. (c) Li, J.; Schuster, G. B.;
Cheon, K.-S.; Green, M. M.; Selinger, J. ¥.Am. Chem. So200Q
122, 2603. (d) Mayer, S.; Zentel, Rlacromol. Rapid Commu2000

21, 927. (e) Geng, Y.; Trajkovska, A.; Katsis, D.; Ou, J. J.; Culligan,
S. W.; Chen, S. HJ. Am. Chem. So002 124, 8337. (f) Oda, M.;
Nothofer, H.-G.; Scherf, U.; Sunjic, V.; Richter, D.; Regenstein, W.;
Neher, D.Macromolecule002 35, 6792. (g) Goto, H.; Yashima,
E. J. Am. Chem. SoQ002 124, 7943. (h) Jaycox, G. DJ. Polym.
Sci., Polym. Chem. EQ004 42, 566. (i) Ohira, A.; Okoshi, K.; Fuijiki,
M.; Kunitake, M.; Naito, M.; Takahiro, HAdv. Mater.2004 16, 1645.

() Agata, Y.; Kobayashi, M.; Kimura, H.; Takeishi, MRolym. Int.
2005 54, 260. (k) Tabei, J.; Nomura, R.; Shiotsuki, M.; Sanda, F.;
Masuda, TMacromol. Chem. Phy2005 206, 323. (I) Onouchi, H.;
Miyagawa, T.; Furuko, A.; Maeda, K.; Yashima, E. Am. Chem.
Soc.2005 127, 2960 and references therein.

(5) (a) Akagi, K.; Piao, G.; Kaneko, S.; Sakamaki, K.; Shirakawa, H.;

Kyotani, M. Sciencel998 282, 1683. (b) Hida, N.; Takei, F.; Onitsuka,



7102 Kaneko et al.

K.; Shiga, K.; Asaoka, S.; lyoda, T.; Takahashi,gew. Chem.
Int. Ed. 2003 42, 4349. (c) Yuan, G.-L.; Kuramoto, NVMlacromol.
Chem. Phys2004 205, 1744.

(6) (a) Kaneko, T.; Yamamoto, T.; Aoki, T.; Oikawa, Ehem. Lett1999
623. (b) Murata, H.; Miyajima, D.; Nishide, HMacromolecule2006
39, 6331.

(7) Aoki, T.; Kaneko, T.; Maruyama, N.; Sumi, A.; Takahashi, M.; Sato,
T.; Teraguchi, M.J. Am. Chem. SoQ003 125, 6346.

(8) Sato, T.; Aoki, T.; Teraguchi, M.; Kaneko, T.; Kim, S.-Polymer
2004 45, 8109.

(9) Umeda, Y.; Kaneko, T.; Teraguchi, M.; Aoki, Them. Lett2005
34, 854.

(10) Kaneko, T.; Umeda, Y.; Yamamoto, T.; Teraguchi, M.; Aoki, T.
Macromolecule2005 38, 9420.

(11) (a) Nolte, R. J. M.; van Beijnen, A. J. M.; Drenth, \l.. Am. Chem.
So0c.1974 96, 5932. (b) Deming, T. J.; Novak, B. M. Am. Chem.
Soc.1992 1992 7926.

(12) (a) Okamoto, Y.; Suzuki, K.; Ohta, K.; Hatada, K.; Yuki, H.Am.
Chem. Soc1979 101, 4763. (b) Okamoto, YJ. Polym. Sci., Polym.
Chem. Ed2004 42, 4480 and references therein.

(13) (a) Tian, G.; Lu, Y.; Novak, B. MJ. Am. Chem. SoQ004 126,
4082. (b) Tang, H.-Z.; Boyle, P. D.; Novak, B. M. Am. Chem. Soc.
2005 127, 2136.

(14) Kamer, P. C. J.; Nolte, R. J. M.; Drenth, \l.Am. Chem. S0d.988
110 6818.

(15) (a) Nakano, T.; Okamoto, Y.; Hatada, K. Am. Chem. Sod 992
114, 1318. (b) Nakano, T.; Shikisai, Y.; Okamoto, Rolym. J.1996
28, 51.

(16) (a) Corley, L. S.; Vogl, OPolym. Bull. (Berlin)198Q 3, 211. (b)
Vogl, O.J. Polym. Sci., Polym. Chem. E200Q 38, 2623.

(17) (a) Ito, Y.; Ohara, T.; Shima, R.; Suginome, M.Am. Chem. Soc.
1996 118 9188. (b) Ito, Y.; Miyake, T.; Hatano, S.; Shima, R.; Ohara,
T.; Suginome, MJ. Am. Chem. S0d.998 120, 11880.

(18) Yashima, E.; Maeda, K.; Okamoto, Xature (London)1999 399,
449,

(19) Kaneko, T.; Horie, T.; Asano, M.; Aoki, T.; Oikawa, Elacromol-
ecules1997 30, 3118.

(20) Kaneko, T.; Horie, T.; Asano, M.; Matsumoto, S.; Yamamoto, K.;

Aoki, T.; Oikawa, E.Polym. Ad. Technol.200Q 11, 685.

Macromolecules, Vol. 40, No. 20, 2007

(21) Kaneko, T.; Horie, T.; Aoki, T.; Oikawa, BSobunshi Ronbunshu
200Q 57, 672.

(22) Kaneko, T.; Asano, M.; Yamamoto, K.; Aoki, Polym. J.2001, 33,
879.

(23) Nakano, T.; Tsunematsu, K.; Okamoto,Ghem. Lett2002 31, 42.

(24) Kern, R. JJ. Polym. Sci., Polym. Chem. Et969 7, 621.

(25) (a) Furlani, A;; Licoccia, S.; Russo, M. Y. Polym. Sci., Polym. Chem.
Ed. 1986 24, 991. (b) Furlani, A.; Napoletano, C.; Russo, M. V.;
Feast, W. JPolym. Bull. (Berlin)1986 16, 311. (c) Furlani, A.;
Napolentano, C.; Russo, M. V.; Camus, A.; Marsich, N Polym.
Sci., Polym. Chem. EA.989 27, 75.

(26) (a) Tabata, M.; Yang, W.; Yokota, ®Rolym. J.199Q 22, 1105. (b)
Yang, W.; Tabata, M.; Kobayashi, S.; Yokota, K.; ShimizuPslym.

J. 1991, 23, 1135. (c) Tabata, M.; Yang, W.; Yokota, K. Polym.
Sci., Polym. Chem. EA994 32, 1113. (d) Tabata, M.; Sadahiro, Y.;
Nozaki, Y.; Inaba, Y.; Yokota, KMacromoleculesl996 29, 6673.

(27) (a) Kishimoto, Y.; Eckerle, P.; Miyatake, T.; Ikariya, T.; Noyori, R.
J. Am. Chem. Sod994 116 12131. (b) Kishimoto, Y.; Itou, M,;
Miyatake, T.; Ikariya, T.; Noyori, RMacromoleculed995 28, 6662.

(c) Kishimoto, Y.; Miyatake, T.; Ikariya, T.; Noyori, RMacromol-
ecules1996 29, 5054. (d) Kishimoto, Y.; Eckerle, P.; Miyatake, T.;
Kainosho, M.; Ono, A.; Ikariya, T.; Noyori, Rl. Am. Chem. Soc.
1999 121, 12035. (e) Tang, B. Z.; Poon, W. H.; Leung, S. M.; Leung,
W. H.; Peng, H.Macromoleculesl997 30, 2209. (f) Saito, M. A,;
Maeda, K.; Onouchi, H.; Yashima, Elacromolecule®00Q 33, 4616.

(28) (a) Misumi, Y.; Masuda, TMacromoleculed998 31, 7572. (b) Kanki,

K.; Misumi, Y.; Masuda, T.Macromoleculesl999 32, 2384. (c)
Misumi, Y.; Kanki, K.; Miyake, M.; Masuda, TMacromol. Chem.
Phys. 2000 201, 2239. (d) Miyake, M.; Misumi, Y.; Masuda, T.
Macromolecule200Q 33, 6636.

(29) This helix-sense tunability due to the cod and nbd ligands was also
observed for other achiral monomers which gave the corresponding
optically active helical poly(phenylacetylene)s by the helix-sense-
selective polymerization. The results will be discussed in more detail
in a subsequent paper.

MAOQ713963



