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S - - -a- R - + -a-
+ 2 5- 11.02 g 0.42 mol
4'- N- S -a- 130 mL 3.5h
M1 --25 4- N R -a- . 6.62 g
M2 . 2 5- 110 mlL
40% 70 mL
2.5mol/l. 1h
" 25 4 24 h. 200 mL 3
160 ~ 200 / /4 v/
V 5.60 g 2 5-
- . 53.4% .
'"H.NMR CDCl, & 5.37 ~5.43 d 1H
1 =CH, 5.65~5.74 d 1H =CH, 6.89~7.03
q IH =CH— 7.20~7.66 m 3H Ar-H .
1.1 1.2.2 B 1000 mL
25- ACROS 99% 29.60 ¢ 0.16 mol
ACROS 9% N- NBS ACROS 320 ml 302 ml
99 % ACROS 99% S --/ R - 0.33 mol 1h
+ -a- ACROS 98% 1 h. 230 mlL
>98% . 2.0 mol/L. 30 min
THF N N- 2h 24 h. 300 mL
DMF 3
AIBN . .
BPO 32.21 g 4- 96°C 400.0
Pa 87.2% .
Pd PPh, , 20 1000 mL
4.08 ¢ 0.17 mol Mg
— 3
Bruker ARX400 400 MHz 200 mL
Varian 300 MHz 32.21 ¢ 0.14 mol 4-
Finnigan-MAT ZAB-HS Elemental
Vario EL Nicolet Magna-IR 750
Waters
GPC 90 mL
35C 1.0 mL/ — 32.2 ml. 0.28
min. Varian Cary 1E - mol
UV-Vis JASCO P-1030
JASCO J-810 5h. 100 mL 10%
1.2
1.2.1 25- A 10.00 g 0.04 120 mL
mol 2 5- 7.12 g 0.04 mmol NBS 0.19 g 500 mL
0.80 mmol BPO 150 mL . 89.6%
3.5 h. 18.82 ¢ .
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'"H-NMR  DMSO-d; § 10.03 s IH
—CHO 7.86~8.00 m 4H Ar-H .

1.2.3 25  4- C
250 mL 6.84 ¢ 45.62
mmol 0.91 g 0.79 mmol
0.22 ¢ 2.00 mmol 14.84 ¢
0.14 mol . — 3
5.24 ¢ 20 mmol 2 5-
60 mL. 30 mL 40 mL
30 h. 240 ml. 3
160 ~ 200
4.18 ¢ 66.9% .
'"H-NMR CDCl, & 5.32 ~5.34 d 1H
=CH, 5.81~5.85 d IH =CH, 6.68 ~6.75
q lH =CH 7.42~8.01 m 11H Ar-H 10.09
~10.10 d 2H —CHO MS m/e 312 283 255

239 178 126 101 77 EA G, Hy O, C
84.59 H5.16 0 10.25. C 84.33 H5.09
010.69 mp 167.3 ~170.4°C .
124 + 25 4- N S -a-
M1 50 mL
1.25 ¢ 4.00 mmol 2 5- 4/
0.07 ¢ 0.34 mmol 2 6-

-4- 0.02 mL 10 mL
10 mL 1.03 mL
8.05 mmol S - - -a-
24 h.
30ml. 3
15 mL .
1.56 ¢ 75.3% .

'"H-NMR CDCl; & 1.61 ~ 1.63 d 6H

—CH, 4.56~4.61 q 2H CHi 5.24 ~5.27
d 1H =CH, 5.76~5.81 d 1H =CH, 6.70
~6.78 q IH =CH— 7.25~7.90 m 21H Ar-
H 8.43~8.44 d 2H —CH =N— MS m/e

518 413 105 79 EA CyxHyN, C 87.99
H6.61 N 5.40. C 87.76 H 6.61 N
4.93 mp 121.1~124.5C a 35 = + 1680.6°

a = +216.0°
1.2.5

¢ = 32 mg/dL. THF .
--25 4- N R -a-

M2 M2
M1 R -

S - - -a-
'"HNMR CDCl, 6

+ -a-
83.7% .
1.61 ~ 1.63 d 6H

/
—CH; 4.56~4.60 q 2H —CH\ 5.24~5.27

d 1H =—CH, 5.76 ~5.81 d 1H —CH,
6.71~6.78 ¢q IH —CH— 7.25 ~7.90 m
21H ArH 8.44 ~8.45 d 2H —CH—N—
MS m/e 518 413 105 79 EA CyuHy,N,

C87.99 H6.61 N 5.40. C 87.81 H
6.71 N 4.92 mp 120.1 ~ 122.8C a 3 =

—1519.4° o 3 = - 187.7° ¢ = 35 mg/dL
THF .
1.2.6 --25 4- N R -a-
Model Compd.
M 2
Suzuki 2 5- 2
5- . 91.9% .

'"H-NMR CDCl; & 1.61 ~1.63 d 6H —CH
CH, 2.35 s 3H Ph—CH, 4.55~4.60 q 2H
/
—CH\ 7.23~7.88 m 21H Ar-H 8.42~8.43
d 2H —CH=N—
105 79 EA Cy;HyN,

MS m/e 506 491 403
C87.71 H6.76 N

5.53. C87.62 H6.82 N5.34 =
—1468.2° a5 = -202.4° ¢ = 37 mg/dL
THF .
1.3
AIBN  BPO
M1 60°C
0.22 ¢ 0.42 mmol M1 30 pL AIBN
0.05 mol/LL 1.0 mL
3 — — —
. 60C
48 h. 5 mL
250 mL
— 3 GPC
0.18 g
81.8% .
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1.4 2 5- NBS
Poly 2 0.5 wt% Wittig 2 5-
4-
24 h.
/ 5/1 . 2 5-
-35C
/ Suzuki 2 5- 4'-
5/1 24 h. . 2 5- 4'-
24 h . S - - -a-
R - + -a-
2 M1 M2.
2.1 Suzuki

1
\ <
LNBS,BPO.CCL, o
Br=\ /B i pPH, (CHy,cO &
iii, HCHO, OH Pd (PPhy),, Na,CO,
At
H,0/C,H;OH/CH,
i, (CH;0),50,, CH;0H
i, Mg, THF

. +
iv, H B
- N
RNH, AIBN or BPO
RN=HC— — CH=NR—— RN=HC— — -CH=NR
CH;COOH, C¢Hy/C,H;OH
M1-M2 Poly 1-Poly 2

% \
ML, Poly 1: R = 3; ; M2Poly2: R= 5
R A5 Y Hm W »r()'}/V
N
@ Moldel compd.

Scheme 1 Synthesis and free radical polymerization of Schiff base-typed chiral monomers

1 M1 M2 1 .
M,
2 6.0x 10* 8.8 x 10*
3 N N-
1 4-
4
2.2 | M1 Poly1 12
1

BPO  AIBN. 5.1~6.8
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1A abc 1 14 Poly 2
a2 - 125.6°

M 2 Poly 2 Model
2.3 Compd. ~1519.4° - 1468.2°.
2.3.1 M1 M
2 AIBN BPO

1
BPO  90C M 2

Table 1 Polymerization results of M 1 and chiroptical properties of Poly 1°

2
a s deg of

Run” Solvent Temp. °C Yield® % M, x 10744 M, M,
Toluene THF DMF

1 Benzene 60 81.8 8.8 1.67 +141.2 +244.8 +466.1
2 Toluene 60 65.2 7.7 1.51 +102.6 +274.4 +434.0
3 Anisole 60 70.3 7.6 1.68 +90.3 +223.9 +383.4
4 THF 60 55.8 7.1 1.49 +178.0 +341.7 +538.8
5 DMF 60 75.6 8.8 1.71 +278.4 +442.2 +607.3
6 Toluene 70 70.6 8.5 1.61 + 43.1 +224.8 +450.3
7 Anisole 70 55.5 7.1 1.47 + 53.1 +218.8 +416.3
8 Toluene 30 55.4 6.8 1.68 +14.5 +164.8 +362.9
9 Anisole 80 45.3 6.0 1.52 +8.0 +120.6 +260.0
10 Benzene 90 55.2 7.0 1.78 +18.3 +153.1 +378.1
11 Toluene 90 45.5 7.3 1.88 -6.7 +135.0 +324.0
12 Anisole 90 45.4 6.6 1.65 -8.4 +122.5 +338.1
13 DMF 90 55.2 7.6 1.65 +192.2 +383.0 +545.6
14¢ Anisole 90 35.8 7.4 1.60 +16.1 -125.6 -336.7

“ Monomer 0.2 g M /1 = 200 " Initiator AIBN for runs 1 ~7 and BPO for runs 8 ~ 13 ¢ Diethyl ether-insoluble part ¢ Measured by GPC THF
as eluent and monodisperse polystyrene as standards ~ © Quartz cell specification ®10x 50 mm ' ¢ = 0.03~0.04 g/dL the a %5 of M 1 are
+1278.4° toluene  + 1680.6° THF and + 1461.5° DMF respectively the a 305 of M 2 are — 1579.3° toluene - 1519.4° THF and
—1424.5° DMF respectively # Polymerization of M 2

2.3.2 circular
dichroism CD
* _Poly 1 Poly 2 M 2

Model Compd. - Ch
2 . -
ek )
M1 |
h f
. boa { 260 nm
A il .
Poly 1 320 nm Cotton
Ar-H
T-TC
CD
B -
1 1 1 1 1 CD
8 6 4 2 0
5 Cotton
Fig. 1 "H-NMR spectraof M1 A and Poly 1 B M1

Poly 1 1 12 CD Poly 2
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CD
—1,-\ 8_
5
5 Poly 1
C 4 Poly 2 y
%
w; 0 Model compd
=
2 4 M2
2,
_8 a 1 1 1
200 250 300 350 400
Wavelength (nm)
z 6r
5 1 1~5
=
i Model compd
= N N-
()
X 2r
w
0 1 1 1l
200 250 300 350 400
Wavelength (nm)
Fig. 2 CD a and UV-Vis b spectra of Poly 1 Poly 2 M 2 and 1
Model Compd
¢ 0.04 mmol/L for CD and 0.02 mmol/L for UV in THF at 25°C
2.3.3 90°C
1 10~13 .
N N- 60 70 80
90°C M1
Poly 1
1
2.3.4 3
1 2 Poly 1 80°C
6 8 11 CD
321 nm
90°C 80°C 20°C 75% .
-6.7°
. Okamoto % CD 3
CD

80°C
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9 25 4-
7 Tomperature (6], (<10°) 0 —o - Hydro-Poly 2  Poly CHO
L g C
4 2N 80 -188
o o 60 22.06
5 40 =521
£ 2 o 20 —2.44
o =
g 2 % 5 Poly 2 CD
on = -2r
L) L 1 1 - ~ ~
-% é 3% . Hydro-Poly 2 350 ~ 300 nm 250 ~ 200
er 0 T, Wavelength (nm) nm CD
X ) [0 (<10
< -1.88
= ~2.08
-2F 224
. . . 248
300 330 360 390

Wavelength (nm)

Fig. 3 CD spectra of Poly 1 in toluene ¢ =0.04 mmol/L at various

temperatures during heating process

Inset shows the CD spectra during subsequent cooling process.
_i;‘j
2.3.5 g
a
&}
=
&
11 §
CD 105 &
<)
} , \ 0 2
Hydro-Poly 2 200 250 300 350 200 <
Poly 2 Wavelength (nm)
CD
o
) E
D . £
&}
4  Poly 2 Hydro-Poly 2 2 5- 3
11 &
4'- 2 g
5. 4. Poly CHO :_\/\ 198
—1 I I L 0 8
Poly 2 1644 cm 200 250 300 330 400 £
—CH=N— Wavelength (nm)
g =N Fig. 5 CD spectra top and UV-Vis spectra bottom of membranes
1700 ¢m™! —CH=0 of Poly 2 a and Hydro-Poly2 b
a
b \ly g 25 4
—_ \C'm a-
e !
&
8
g
5
5
2
<

1 1 1 1 1 1
2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm ™)

Fig. 4 FT-IR spectra of Poly CHO a Hydro-Poly 2
b and Poly 2 ¢



882 2007

. 25 4-
Poly 1

Poly 2 -

0 N N R W N =

10

11

12
13
14
15
16
17
18
19
20
21
22

Poly 1  Poly 2

REFERENCES

Cornelissen J J LM Rowan A E Nolte R J M Sommerdijk N A J M. Chem Rev 2001 101 4039 ~ 4070

Goodman M Chen S C. Macromolecules 1970 3 398 ~ 402

Nolte R J M van Beijnen A J M Drenth W.J Am Chem Soc 1974 96 5932 ~ 5933

Ciardelli F Lanzillo S Pieroni O.Macromolecules 1974 7 174 ~ 179

Lam W'Y Tang B Z. Acc Chem Res 2005 38 745 ~ 754

Okamoto Y Suzuki K Ohta K Hatada K Yuki H.J Am Chem Soc 1979 101 4763 ~ 4765

Ren CY Chen CF Xi F.J Polym Sci Part A Polym Chem 1998 12 2127 ~ 2133

Chen Chuanfu Liu Weihong Chen Yongming Ren Changyu Xi Fu . Acta Polymerica Sinica
1996 1 126~128

Ren CY Chen C F Xi F. Chinese J Polym Sci 1994 12 379 ~ 383

Wang Yuechuan Ding Mengxian Hu Huizhen Wang Fosong . Science in China Ser B B
1992 10 1161 ~ 1166

Wang Yuechuan Ding Mengxian Xu Jingzhe Wang Fosong . Acta Polymerica Sinica 1988
4 317~320

Fujiki M.J Am Chem Soc 1994 116 6017 ~ 6018

Frey H Moller M Matyjaszewski K. Macromolecules 1994 27 1814 ~ 1818

OkamotoY Honda S Okamoto I Yuki H Murata S Noyori R Takaya H.J Am Chem Soc 1981 103 6971 ~ 6973

Pu L. Tetrahedron Asymmetry 1998 9 1457 ~ 1477

Nakano T Okamoto Y. Macromolecules 1999 32 2391 ~ 2393

Okamoto Y Nishikawa M Nakano T Yashima E Hatada K. Macromolecules 1995 28 5135 ~ 5138

YuZ N Wan X H Zhang H L. Chen X F Zhou Q F. Chem Commun 2003 974 ~ 975

Hirao A Nakahama S.Macromolecules 1987 20 2968 ~ 2972

Brandsma L Vasilevsky S F' Verkruijsse H D. Application of Transition Metal Catalysis in Organic Synthesis. New York Springer 1999.5
Berova N Nakanish K Woody R W. Circular Dichroism Principles and Applications 2™ Ed. New York Wiely-VCH 2000.491 ~ 546
Nakano T Matsuda A Okamoto Y. Polym J 1996 28 556 ~ 558



9 25 4- 883

SYNTHESIS AND CHARACTERIZATION OF OPTICALLY ACTIVE HELICAL
POLYMERS BASED ON 2 5-DI 4'-FORMYLPHENYL STYRENE

ZHU Zhiguo ZHI Junge LIU Anhua CUI Jiaxi WAN Xinhua CHEN Xiaofang ZHOU Qifeng
Beijing National Laboratory for Molecular Sciences  Key Laboratory of Polymer Chemistry and
Physics of Ministry of Education  College of Chemistry and Molecular Engineering  Peking University — Beijing 100871

Abstract 2 5-Di  4'-formylphenyl styrene was synthesized wvia Suzuki cross-coupling reaction of 2 5-
dibromostyrene and p-formylphenylboronic acid. In the presence of catalytic amount of glacial acetic acid a pair of
chiral nonracemic vinyl monomers + -2 5-di 4'- N- S -a-methylbenzylimine methylene phenyl styrene M
1 and - -2 5-di 4’- N- R -a-methylbenzylimine methylene phenyl styrene M 2 was synthesized through
the condensation reaction between 2 5-di 4'-formylphenyl styrene and optically pure a-methylbenzylamine.
Optically active polymers were prepared via free radical polymerization of M 1 and M 2 initiated by AIBN or BPO
depending on polymerization temperature. The results from specific optical rotation UV-Vis absorption spectra and
circular dichroism spectra indicated that the polymer obtained might adopt a helical conformation with a
predominance of one helical screw sense. The polymerization condition had pronounced effects on the chiroptical
properties of the polymers. Polymer with larger helical chirality was obtained when the polymerization was carried out
in more polar aromatic media at higher temperature. Due to the steric hindrance of the bulky p-terphenyl groups the
main chain helical chirality formed during polymerization was thermally stable and displayed memory effect.

Key words Schiff base Chiral vinyl monomer p-Terphenyl group Free radical polymerization Optically active

polymer Helical conformation





