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Communications to the Editor

Synthesis of Optically Active Helical dation of o,3-unsaturated ketones, such as chalcone, with
Poly(phenylacetylene)s Bearing Oligopeptide hydrogen peroxide in alkaline watgiThe a-helical structures
Pendants and Their Use as Polymeric seem to be essential for their high enantioselectivifids.the

present study, we synthesized a series of optically active,
dynamic helical poly(phenylacetylene)s bearing oligopeptide
Katsuhiro Maeda, Kiyoshi Tanaka, pendants (from monomer to trimer) consisting of a combination
Kazuhide Morino, and Eiji Yashima* of L-alanine (-Ala) and achiral glycine (Gly) residu€sand
investigated their abilities as asymmetric polymeric organo-
catalyst$? for the epoxidation of chalcone derivatives with
hydrogen peroxide in alkaline water.

Six optically active phenylacetylenes bearing oligopeptide
pendants1-H—6-H) were synthesized and polymerized with a
water-soluble rhodium catalyst, [Rh(cglBF,4 (cod: cycloocta-
L . . ) ) diene), in water in the presence of sodium hydroxide as a base

Bioinspired by the exquisite helical structures of the biological according to the previously reported method (Schenié The
macromolecules, chemists have been challenged to constructagits of the polymerization af-H—6-H are summarized in
artificial helical polymer’ and oligomers (foldamer$)with Table 114 All the polymerization reactions proceeded homo-
cpntro_lled he!|C|ty that not only to mimic _the SIFUCFUFGS 9f geneously and afforded high-molecular-weight stereoregular
b|0loglcal hellces, but also to develop chiral materials with (CiS-tranSOida') pO'ymerS (pOl;(—Na_pOW'G'Na) in hlgh yle|d14
functionality. One possible application of helical polymers . L -
involves the enantiomer separation of racemic compounds by 'F‘ order to characterize the chiroptical properties of _the
high-performance liquid chromatography (HPLC) where opti- optically active pqu(phenylacetylene)s, the mrculay dichroism
cally active helical polymers have been used as chiral stationary(CD) and absorptpn spectra of palyNa—poly-6-Na in water

were measured. Figure 1 shows the CD spectra of pdla—

phases. Another attractive application for helical polymers is v-6-N h ith th ical ab ; |
use as an asymmetric catalysis, but successful examples are quit oly-6-Na together with the typical absorption spectrum (poly-
-Na) in water. All the polymers exhibited similar induced CDs

rare~7 Reggelin et al., recently reported the first catalytic . hei di ites in th . d ool

asymmetric allylic alkylation reaction using fully one-handed In their patterns and intensities in the conjugated polyene

helical polymethacrylatég?8complexed with palladium as the chromophore regions irrespective of the differences in the size
of the oligopeptides and their sequences, indicating that these

catalyst! They also utilized a dynamic helical polyisocyanate | domi I handed helical ;
composed of chiral and achiral isocyanates bearing an achiralPO'YMErS POSSEsS a pre pmlnanty one-nanded hetical contor-
mation with the same helical sense biased by the inn&la

phosphine pendant complexed with rhodium for an asymmetric ' ) i . . .
hydrogenation reaction as cataly&these static and dynamic residue incorporated in the pendant oligopeptides. We antici-
pated that the pendant oligopeptide residues may arrange in a

helical polymeric catalysts showed enantioselectivity mainly helical ith dorm | h |
based on their helical chirality, thus producing optically active €lical array with a predominant screw-sense along the polymer
backbones, and the polypeptides were then used as optically

products with a modest enantiomeric excess (ee). : . . :
On the other hand, the polypeptide and oligopeptide are active organocatalysts for the asymmetric epoxidation reaction
' of chalcone T-H) (Table 2).

known to be versatile organocatalysts for the asymmetric epoxi-
Table 2 shows the results of the asymmetric epoxidation of

*To whom correspondence should be addressed. E-mail: yashima@ /-H With hydrogen peroxide in alkaline water using pdly-
apchem.nagoya-u.ac.jp. Na—poly-6-Na as well as the corresponding monomérs|—
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Scheme 1. Synthesis and Structures of Poly(phenylacetylene)s
Bearing Oligopeptide Pendants
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L-Ala-L-Ala-L-Ala-OH : 6-H

NaOH/water, 30 °C, 15 h R

o
R =L-Ala-ONa : poly-1-Na
L-Ala-Gly-ONa : poly-2-Na
L-Ala-L-Ala-ONa : poly-3-Na
L-Ala-Gly-Gly-ONa : poly-4-Na
L-Ala-L-Ala-Gly-ONa : poly-5-Na
L-Ala-L-Ala-L-Ala-ONa : poly-6-Na

Table 1. Polymerization of Phenylacetylenes Bearing Oligopeptide
Pendants (1-H-6-H) with [Rh(cod),]BF4 in Water at 30 °C for 15 h?

yield [6]seconax 1074
run  monomer (%)° M, x 1075¢  My/M° (4, nmy
1 1-H 97 1.8 1.8 1.63 (373)
2 2-H 100 2.1 2.4 1.67 (377)
3 3-H 99 1.8 1.9 1.56 (374)
4 4-H 86 2.2 2.1 1.32 (377)
5 5-H 97 1.8 2.2 1.58 (374)
6 6-H 97 1.4 1.7 1.12 (375)

aPolymerized under nitrogen; [monomer] 0.43 M (runs 1-3, 6) or
0.29 M (runs 4, 5), [monomer]/[Rhf 200, [NaOH]/[monomer}= 1.5.
b Ethanol-insoluble part Determined by SEC using DMF containing 10
mM LiCl as the eluent at 40C (PEO and PEG standards) as its methyl
ester.d Second Cotton intensity of the polymers measured in water at
25°C.
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Figure 1. CD spectra of polyt-Na—poly-6-Na ([polymer] = 1.0
mg/mL) (a—f) in water at 25°C (pH 8). Absorption spectrum of poly-
6-Na is also shown in part g.

6-H, as the catalyst¥. The epoxidation reaction proceeded in

the presence of pol§-Na—poly-6-Na, giving the desired
epoxide 8-H) in different yields (8-82%) depending on the
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Table 2. Results of Asymmetric Epoxidation of Chalcone Derivatives
(7) at Room Temperature (ca. 22-25 °C)2

o) o)
= catalyst 0
7 Q0 oo, (7700

X toluene, rt X

7-H X=H 8H

7-Cl X =Cl 8-Cl

7-OMe X =0OMe 8-OMe

7-Me X =Me 8Me

7-Nap X = p-Naphthyl 8-Nap
run catalyst chalcone solvent time (day) vyield (%) ee%(%)
1 none 7-H toluene 3 c
2 1-H 7-H toluene 3 26 ca.0
3 2-H 7-H toluene 3 42 ca.0
4 3-H 7-H toluene 3 39 ca.0
5 4-H 7-H toluene 3 44 ca.0
6 5-H 7-H toluene 3 69 <2
7 6-H 7-H toluene 3 55 <2
8 poly-1-Na  7-H toluene 3 8 5
9 poly2-Na  7-H toluene 1 30 21
10 poly3-Na 7-H toluene 3 17 25
11 poly4-Na 7-H toluene 1 81 24
12 poly4-H 7-H toluene 1 82 25
13 poly5-Na  7-H toluene 1 27 30
14 poly6-Na 7-H toluene 3 36 34
158 poly-6-Na  7-H toluene 6 60 38
16° poly-6-Na  7-H EtO 1 40 32
17 poly-6-Na 7-H hexane 1 52 2
18" poly-6-Na  7-H CHCl; 4 72 31
19 poly6-Na 7-Cl toluene 3 42 12
20 poly6-Na 7-OMe toluene 3 69 2
21 poly6-Na 7-Me toluene 3 51 10
22 poly6-Na 7-Nap toluene 3 56 7

a8 Reactions were carried out in agueougihl(35%) containing NaOH
(2 M)—solvent (1/1, v/v) in the presence of chiral catalysts ((monomer unit)/
[chalcone]= 1.2).° Determined by chiral HPLC analysis using a chiral
column (CHIRALPAK AD) with hexane/ethanol (9/1, v/v) as the eluent at
the flow rate of 1.0 mL/min¢ No reaction9 At 0 °C.

demonstrate that the helical structures of the poly(phenylacety-
lene)s in which the pendant oligopeptide residue are aligned in
a one-handed helical array are indispensable for the effective
asymmetric epoxidation of-H. This speculation is supported
by the previously reported facts that alanine dimer gAknd
pentamer (Alg) with no secondary structure produc&e with

quite a low ee (2 and 11% ee, respectively), whereas the
o-helical alanine decamer (Alg gave 93% ee 08-H in the
asymmetric epoxidation reaction @fH.10ab

We further investigated the effects of temperature and organic
solvents on the enantioselectivity of the asymmetric epoxidation
of 7-H in the presence of polg-Na as the catalyst (runs 15
18 in Table 2). The enantioselectivity slightly increased at 0
°C (38% ee, run 15 in Table 2) compared to that at room
temperature (ca. 2225 °C) (34% ee, run 14 in Table 2) when

structures of the pendant oligopeptides. Among the polymers, toluene was used as a cosolvent. But, the enantioselectivity

poly-4-Na and poly4-H showed a remarkably high catalytic
activity (runs 8-14 in Table 2), while no reaction occurred in

became quite low in hexane (run 17 in Table 2). The reason is
unclear at the present stage, but a similar organic solvent effect

the absence of the catalyst (run 1 in Table 2). The enantiose-was reported for the asymmetric epoxidatiorvefl with poly-

lectivity of the helical polymers tended to increase with an

(L-alanine) as the cataly¥¥ The effect of substituents on the

increase in the length of the pendant oligopeptides even thoughPhenyl group of chalcone7{Cl, 7-OMe, 7-Me, and7-Nap in

some helical polymers possessed one (lya and polys-
Na) or two (poly4-Na) achiral Gly residues as the component

Table 2) on the enantioselectivity was also investigated with
poly-6-Na as the catalyst (runs 22 in Table 2). Introducing

in the pendant 0|igopeptides_ Among the helical po]ymersl po]y_ either electron donating or WithdraWing substituents Significantly
6-Na gave the highest enantioselectivity in the asymmetric reduced the enantioselectivity, and the highest enantioselectivity

epoxidation of7-H (34% ee)t® In sharp contrast, the corre-
sponding monomersl{H—6-H) showed almost no enantiose-
lectivity (<2% ee) (runs 27 in Table 2). These results clearly

was observed for-H.

In summary, we have found that optically active, dynamic
helical poly(phenylacetylene)s bearing optically active oligopep-
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tide pendants are effective for the asymmetric epoxidation of

chalcone as polymeric organocatalysts. The one-handed helical

array of the pendant oligopeptide residues along the polymer
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(7) (a) Reggelin, M.; Schultz, M.; Holbach, M\ngew. Chem., Int. Ed.
2002 41, 1614-1617. (b) Reggelin, M.; Doerr, S.; Klussmann, M.;
Schultz, M.; Holbach, MProc. Natl. Acad. Sci. U.S./2004 101,
5461-5466.

backbones seems to be essential, since the corresponding (g) (a) Okamoto, Y.; Suzuki, K.; Ohta, K.; Hatada, K.; Yuki, #.Am.

monomers showed almost no enantioselectivity. To the best of
our knowledge, this may be the first example of asymmetric
polymeric organocatalysts based on dynamic helical polymers.
The most striking feature of dynamic helical polymers is their
high sensitivity to a chiral environment, and therefore, a
predominantly one-handed helical conformation can be induced
in the presence of a small amount of covalently bonded chiral
residue as the pendants or terminal ehtée anticipate that a
more efficient asymmetric polymeric catalyst may be created
based on a dynamic helical polyacetylene prepared by the
copolymerization of a small amount of chiral monomer and
achiral one bearing achiral oligoglycines as the pendants, which

Chem. Soc1979 101, 4763-4765. (b) Okamoto, Y.; Mohri, H.;
Nakano, T.; Hatada, KChirality 1991, 3, 277—-284. (c) Nakano, T.;
Satoh, Y.; Okamoto, YPolym. J.1998 30, 635-640.

(9) (a) Julig S.; Masana, J.; Vega, J. @ngew. Chem., Int. Ed. Engl.
198Q 19, 929-931. For reviews, see: (b) Carrea, G.; Colonna, S.;
Kelly, D. R.; Lazcano, A.; Ottolina, G.; Roberts, S. Mrends
Biotechnol.2005 23, 507-513. (c) Kelly, D. R.; Roberts, S. M.
Biopolymers2006 84, 74—89.

(10) (a) JuliaS.; Guixer, J.; Masana, J.; Rocas, J.; Colonna, S.; Annuziata,
R.; Molinari, H.J. Chem. Soc., Perkin Trans1BP82 1317-1324.
(b) Colonna, S.; Molinari, H.; Banfi, S.; JUi8.; Masana, J.; Alvarez,
A. Tetrahedron1983 39, 1635-1641. (c) Banfi, S.; Colonna, S.;
Molinari, H.; Julig S.; Guixer, JTetrahedronl 984 40, 5207-5211.
(b) Berkessel, A.; Gasch, N.; Glaubitz, K.; Koch,@xg. Lett.2001,
3, 3839-3842.

may be arranged in a one-handed helical array along the polymer (11) Helical poly(phenylacetylene)s and pdlypropargylamide)s bearing

backbone. The work along this line is now in progress.
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