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Fig. 2 Chemical structures of chiral biphenyl containing monomers

2M2St 3M2St
1
1.1
N- NBS 99% Aldrich N
N N N'" N'- PMDETA
99% Aldrich «- 99% Aldrich
AR AR
AR
AR
CaH,
BPO CP
2 2'-
AIBN CP
AR AR
THF AR
CaH,
.2- S 2-
3- S 2- 4-
S -2- 2- 3-
4-
13
1.2
'"H-NMR Bruker ARX400 400 MHz
CDCl, TMS
Finnigan-MAT ZAB-HS
Elemental Vario EL
GPC Waters 515
Waters Styragel HT2 +
HT3 + TH4 Waters 2410
35C THF 1.0
mL/min. Jasco Model P-1030

2M3St 3M3St
25C 1 dm
THEF. - Varian Cary-300
THF 1 x10 " mol/L.
Jasco J-810
1 cm THF 1 x
10 mol/L.
1.3
1.3.1 2-4'- S -2-
4M2T 4- S -2-
4.86 g 20 mmol 2- 3.01
g 22 mmol 0.46 g 0.3 mmol
30 mL 15 mL 2.0
mol/L 50 mL 150 mL
24 h.
5/1 /
3.87 ¢ 76.0% . 'H-NMR
CDCIl, 400 MHz 6 0.77 ~0.82 6H
1.04 ~1.11 1H 1.26 ~
1.33 1H 1.62 ~1.68
1H 2.13 3H 3.64 ~3.75
2H 6.93 ~7.01 2H
7.18 ~7.32 6H .
C 84.99 H 8.72 C 85.07
H 9.01. m/e 254
184. o a5 = +34.3° ¢=0.2 g/dL
THF .
1.3.2 3-4'- S -2-
4AM3T 4M2T

73.1% . 'H-NMR CDCIl, 400 MHz & 0.81 ~
0.93 6H 1.04 ~ 1. 11



224 2010
1H 1.26 ~1.33 1H 2H 5.06 ~5.09 1H
1.62 ~ 1. 68 1H 2.13 5.62 ~5.66 1H 6. 50
3H 3.64 ~3.75 2H ~6.57 1H 6.93 ~7.01
6.93 ~7.01 2H 7.10 ~7.13 2H 7.27 ~7.62 6H
1H 7.28 ~17.35 3H C 85.67 H 8.32.
7.38 ~7.39 2H : C 85.37 H 8.45. m/e 266
C 84.99 H 8.72 C 85.06 H 196. o i=+36.6° ¢=0.2 g/
891. m/e 254 184. dL THF .
o o= +35.7° ¢=0.2 g/dL. THF . 1.3.6 4-4'- S 2-
1.3.3 4- 4'- S 2- 4M4St 4M2St
4M4T 4M2T 61.3% . 'H-NMR CDCl, 400 MHz & 0.78
83.7% . 'H-NMR CDCl, 400 MHz &8 0.77 ~ ~0.81 6H 1.06 ~1.11
0.83 6H 1.04 ~ 1. 11 1H 1.28 ~1.33 1H
1H 1.26 ~1.33 1H 1.64 ~1.69 1H 3.64 ~3.75
1.62 ~1.68 1H 2.13 2H 5.06 ~5.09 1H
3H 3.64 ~3.75 2H 5.62 ~5.66 1H 6. 50
6.93 ~7.01 2H 7.26 ~7.30 ~6.57 1H 6.93 ~7.01
2H 7.40 ~7.52 4H 2H 7.40 ~7.62 6H
. C 84.99 H8.72. C 85.67 H 8.32
C 84.95 H 8.49. m/e 254 C 85.48 H 8.20. m/e 266
184. o o= +39.7° ¢=0.2 196. @ o= +53.4° ¢=0.2
g/dL THF . g/dL THF .
1.3.4 2-4'- S 2- 1.3.7 2-2'- § 2-
4M2St 2M2T 4M2T
"2 3/1 85.9% . 'H-NMR CDCl, 400 MHz & 0.77 ~
/ 56.0% . 'H- 0.81 6H 1.04 ~1.11
NMR CDCl, 400 MHz & 0.80 ~0.88 1H 1.26 ~1.33 1H
6H 1.06 ~1.11 1H 1.62 ~ 1. 68 1H 2.13
1.28 ~1.33 1H 1.64 ~1.69  3H 3.64 ~3.75 2H
1H 3.64 ~3.75 2H 6.92 ~7.00 2H 7.13 ~7.16
5.06 ~5.09 1H 5.62 2H 7.18 ~7.23 3H
~5.66 1H 6.50 ~6.57 7.27 ~7.32 1H
1H 6.93 ~7.01 1H C 84.99 H 8.72 C 85.01 H
7.27 ~7.32 5H 7.60 ~7.62  8.95. m/e 254 184
1H ) C 85.67 169 71 43 29. a o= +18.9° ¢=0.2
H 8.32 C 85.38 H 8.30. m/e g/dL THF .
266 196. o o= 1.3.8 3-2- S 2-
+31.6° ¢= 0.2 g/dL THF . 2M3T 4M2T

1.3.5 3-4'- S -2-
4M3St 4M25St
62.0% . 'H-NMR CDCl, 400 MHz & 0.78
~0. 81 6H 1.06 ~1.11
1H 1.28 ~1.33 1H
1.64 ~1.69 1H 3.64 ~3.75

81.7% . 'H-NMR CDCIl, 400 MHz & 0.95 ~

1. 06 6H 1.25 ~1.32

1H 1.54 ~1.63 1H

1.85 ~1.92 1H 2.30
3H 3.75 ~3.87 2H

6.88 ~6.90 3H 7.22 ~7.29
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4H 7.31 ~7.33 1H
: € 84.99 HS8.72
C 84.76 H 9.03. m/e 254
184 169 71 43 29. a s =+

31.3° ¢=0.2 g/dL THF .
1.3.9 2-3'- § -2-
3M2T 4M2T
88.5% . 'H-NMR CDCl, 400 MHz & 0.85 ~

0.96 6H 1.17 ~1.24
1H 1.43 ~1.50 1H
1.74 ~1.81 1H 2.38
3H 3.70 ~3.82 2H
6.93 ~7.00 2H 7.10 ~7.12
1H 7.23 ~7.27 2H
7.28 ~7.35 2H 7.38
1H . C 84.99 H 8.72
C 84.76 H 9.06. m/e 266

181 165 152 43 29.
o = +24.4° ¢=0.2 g/dL. THF .
1.3.10 3-3'- S -2-

3M3T 4M2T
87.4% . 'H-NMR CDCl, 400 MHz & 0.93 ~
1.04 6H 1.24 ~1.31
1H 1.55 ~1.62 1H
1.85 ~1.91 1H 2.40
3H 3.76 ~3.88 2H
6.85 ~6. 88 2H 7.10 ~7. 16
3H 7.28 ~17.33 2H
7.37 ~7.39 2H
C 84.99 H 8.72. C 84.99
H 8.72. m/e 266

181 165 152 43 29.
¢=0.2 g/dL THF .

o s = +35.1°

1.3.11 2-2'- S 2-
2M2St 4M2St
45.3% . 'H-NMR CDCl, 400 MHz &
0.76 ~0. 88 6H 1.03 ~1.10
1H 1.26 ~1.33 1H
1.62 ~1.67 1H 3.63 ~
3.76 2H 5.06 ~5.09
1H 5.61 ~5.66 1H
6.50 ~6.57 1H 6.93 ~7.00
2H 7.13 ~7.16 1H
7.21 ~7.33 4H 7.63 ~7.66

1H . C 85.67
H 8.32 C 85.59 H 8.38. m/e
266 181 165 152 43 29.
o 5= +6.9° ¢=0.2 g/dL. THF .
1.3.12 3-2'- S 2-
2M3St 4M2St
53.7% . 'H-NMR CDCl, 400 MHz §
0.76 ~0. 87 6H 1.03 ~1.10
1H 1.26 ~1.33 1H
1.62 ~1.67 1H 3.63 ~
3.76 2H 5.06 ~5.09
1H 5.61 ~5.66 1H
6.50 ~6.57 1H 6.93 ~7.06
3H 7.21 ~7.33 4H
7.63 ~7.66 1H
C 85.67 H 8.32 C 85.59
H 8. 38. m/e 266
181 165 152 43 29. a o= +6.9° ¢
=0.2 g/dL THF .
1.3.13 2-3'- S 2-
3M2St 4M2St
50.1% . '"H-NMR CDCI, 400 MHz &
0.85 ~0.95 6H 1.16 ~1.24
1H 1.43 ~1.48 1H
1.76 ~1.83 1H 3.72 ~
3.84 2H 5.23 ~5.26
1H 5.74 ~5.79 1H
6.72 ~6.79 1H 6.95 ~7.03
2H 7.24 ~7.43 SH
7.61 1H
C 85.67 H 8.32. C 85.55 H 8.89.
m/e 266 181 165 152
43 29. a o= +14.0° ¢ = 0.2 g/
dL. THF .
1.3.14 3-3'- S 2-
3M3St 4M2St
55.5%.'H-NMR CDCl, 400 MHz §
0.94 ~1.04 6H 1.24 ~1.32
1H 1.53 ~1.63 1H
1.85 ~1.91 1H 3.77 ~
3.89 2H 5.27 ~5.30
1H 5.79 ~5.84 1H
6.74 ~6. 81 1H 6.88 ~6.91
1H 7.12 ~7.17 2H
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7.23 ~7.48 4H 7.61
1H . C85.67 HS8. 32.
C 85.56 H 8.53. m/e 266

181 165 152 43 29.
.= +32.0° ¢=0.2 g/dL. THF .

O 365
1.4
1.4.1 3M2St
60C . 0.133 ¢ 0.5 mmol
41 L 10 mg/mL AIBN
1 mL
— — 3
60°C
24 h.
20 mL. THF
200 mL
45 mg 33.9% .
1.4.2 ATRP
0.266 g 1.0 mmol
4M2St 2.9 mg 98 L 40 mg/mL
a- 87 pL 40
mg/mL. PMDETA 0.50 g
3 — —
90°C
THF
200 ~300
1.4.3 4M2St
3
0.2 g 0.75 mmol 4M2St 1 mL
-78%C
40 L 1 mol/L
-78C
3h
THF
0.17 ¢
83.3%

1.5
1.5.1

2010
250 mL 80 mg 0.3 mmol
20 mL -
0.50 g 2 mmol BBr,
12 h 100
mL
5 mL THF
54 mg
92% .
1.5.2 50 mL
45 mg 10 mL
280 mg 5 mmol
KOH 5 mL KOH. 0.63
g 5 mmol CH, ,SO,.
5 h. 5 mL
5 mL
42 mg 88% .
2
2.1
3
Wittig
Suzuki
80% . Wittig
2M2St 19%
14
2M2St
14
1 . 4 3M2St
P3M2St  'H-NMR
5 5 =0.86 0.95
§=1.18 1.48 3.7 3.8
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2
B(OH), .
Ao e, A o (O (5
(AM2T, 4M3T, 4M4T)
NBS. BPO PPhy HCHO 4M2St or 4M3St or 4M4St
ccl, Acetone . 10% NaOH
(HO),B B(OH), Br Br
Pd(PPh;), , Na,CO,
/\lﬂo‘@ or /\‘/\OO + ©/ or @\ H,0/Etol/benzenc
/\‘/\o—_D—C/) s _nBs.BPO PPhy HCHO oM2Stor 3M2St or
N 7 \_7 cal, Acetone 10% NaOH  2M3St or 3M3St
(2M2T, 2M3T, 3M2T, 3M3T)
Fig. 3 Synthesis of monomers
c fé&= o e 1
1.8 . 4 M4 St
§=5.35.8
6.8.6=6.8~7.6 P4M3St
m 3 31.8° 4M3St 36.6°
. é = 4M3T 35.7°
5.3 5.8 6.8 S = . P4AM2 St 12.9°
1.5 1.8 . 21.4°
4M2St
4M3St
3M3St
2M3St
3M2St
. 33.9°.
8
4M2St 3M2St 2M2St
4M2St 3M2St
P4M2St P3M2St
B
s P4AM2St 9
Fig. 4 'H-NMR spectra of 3M2St A and P3M2St B PAM25t 8

7 15 16

2.2
2.2.1 5 3M2St  P3M2St -
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Table 1 Free radical polymerization of vinyl monomers at 60°C *
Model EF . Yield , %
ode & a6 Monomer @ 68 Polymer 1 M, x10 -4 PDI & e Spacer"
compound o o % °
4M4TS 39.7 4M4St 53.4 PAMA4 St 64.0 7.2 2.71 40. 8 11
4M3T 35.7 4M3St 36.6 P4AM3St 59.3 6.8 2.10 31.8 10
4M2T 34.3 4M2St 31.6 P4M2St 29.2 4.4 2.15 12.9 9
3M3T 35.1 3M3St 32.0 P3M3St 56.7 6.9 1.81 33.7 9
2M3T 31.3 2M3St 30.3 P2M3St 44.4 4.7 1.97 27.8 8
3M2T 24.4 3M2St 14.0 P3M2St 33.9 3.1 2.03 47.9 8
2M2T 18.9 2M2St 6.9 P2M2St 7.0 1.8 2.17 14. 4 7
* Polymerization condition M =0.5 mol/L Temperature =60°C  AIBN / M =1/200 Time = 24 h Solvent = anisole " The nearest bond

number between main chain and chiral center

¢ Polymerization in benzene

245 232 nm
CD
290 nm
290 nm
. MBPS
300 nm
CD P3M2St 292 nm CDh
PMBPS -
Cotton P3M2St
P3M2St

2000 2.0
o~ 1000
i 115
g v
5 ] e B g
o 5]

110 2
S —1000 ... E
0 ;
8 ' <
= —2000 —— 405
T TN
--------------------- 3M2St
=3000- —— P3M2St 0.0
220 240 260 280 300 320 340
Wavelength (nm)

Fig. 5 UV-Vis absorption and circular dichroism spectra of

3M28St and P3M2St

2.2.2

Table 2 Free radical polymerization of vinyl monomers in different

solvents”
Yield ¥
Monomer Solvent :; M, x10"* PDI @ s
A o
4M4St THF 38.6 5.55 2.71 42.0
4M4St Benzene 64.0 7.2 2.41 40.8
4M3St THF 29.3 3.54 1.82 31.5
4M3St CHCI, 26. 4 4.62 2.15 31.9
4M3St Benzene 52.5 7.1 2.05 38.3
4M2St THF 46.7 1.71 2.08 17.8
4M2StP CHCI,4 29.6 3.82 1.91 14.4
4M2St Benzene 38.8 4.02 1.88 19.4
3M2St Benzene 68. 8 7.1 1. 80 47.0
2M3St Benzene 50.2 3.5 2.25 27.5
* Polymerization condition M =0.5 mol/L Temperature = 60°C

AIBN / M =1/200 Time=24 h
3 3M2St  2M3St 90°C
60°C
Table 3  Free radical polymerization of vinyl monomers in anisole at
90°C*
Yield , Sos
Monomer el M, x10* PDI & e
% o
3M2St 43.8 1.6 2.15 46.6
2M3St 74.5 6.0 1. 80 29.4
* Polymerization conditon M =0.5 mol/L. T BPO I / M =

1/200 Time =24 h

2.2.3

ATRP
PAM2St

PAM2St
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2
Table 4 ATRP polymerization of 4M2St in anisole at 90°C
Yield %
Run  M/I ;e C M x107*  PDI & 3o BBr,
A °
1 5 33.5 0.18 1.05 16.3 PAM25t
2 10 76. 6 0.26 1.09 21.9
3 20 78.2 0.36 1.12 20.3 12,20
4 30 84.3 0.54 1.16 18.7 ’
5 50 77.6 0.79 1.15 18.4 -5°.
6 60 71.5 1.43 1.26 20.3
7 80 80.5 1.96 1.35 28.0
2.2.4
5 .4M4St 3
P4AM3St ATRP
4M2St  THF 4M2St  3M2St
11.1°
17.8° 6.7° -
Cotton
.P3M2St  P4M2St
Table 5 Results of anionic polymerization carried out at —78°C
Yield , % PAM2St
Monomer  Solvent ' M, x107* PDI @ ses
% °
4M2St THF 89.5 0. 48 1. 64 11.1
4M2St  Toluene 83.3 1.25 1.41 9.0
4M3St  Toluene 41.4 0. 61 1.33 39.0 P4A4M2St
4M4St Toluene — Gel — —
-12.2°
2.3
PMBPS
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SYNTHESIS AND HELIX-SENSE-SELECTIVE POLYMERIZATION OF
CHIRAL VINYL BIPHENYL MONOMERS

CAO Hongqing CUI Jiaxi LIU Anhua WAN Xinhua

Beijing National Laboratory for Molecular Sciences Key Laboratory of Polymer Chemistry and
Physics of Ministry of Education Department of Polymer Science & Engineering College of Chemistry and
Molecular Engineering Peking University Beijing 100871

Abstract A series of vinyl biphenyl monomers containing chiral alkoxy terminals were synthesized and
polymerized wia conventional radical polymerization atom transfer radical polymerization and anionic
polymerizations. Optical polarimetry and circular dichroism spectroscopy were employed to characterize the
chiroptical properties of model compounds monomers and polymers. It was found that only the monomers with
chiral alkoxy phenyl located at the ortho position of vinyl group were able to yield the polymers displaying a
specific optical rotation « a5 different obviously from their precursors and model compounds. These polymers
also displayed cotton effects in the UV-Vis absorption region of biphenyl side-group in a sharp contrast to the
monomers suggesting the formation of a chiral secondary structure of polymer backbone. For vinyl polymers the
most possible chiral structure was helical conformation of main-chain with an excess helix sense. Furthermore
the helical polymer containing chiral alkoxy group at meta-position i. e. PAM2St showed an « 1 value larger
than that of monomer while the helical polymer containing chiral alkoxy group at para-position i. e. PAM2St
showed less intensive optical rotation than its monomer indicating opposite helical sense of main-chain
conformation. The reaction temperature and solvent were varied to study the effect of polymerization condition
on the a 5 value of polymers. It was found that the o 5 value of polymers was independent on not only
the polymerization condition employed but also the molecular weight of the polymer studied. The helical
polymers obtained via anionic polymerization exhibited a larger difference in « % from monomer than those
resultant from radical polymerization implying that the anionic polymerization had advantage of obtaining
stereoregular structure. After removal of chiral alkoxy groups the optically active helical polymers obtained
showed optical rotations even larger than their precursor polymers although no stereogenic center was presented
in the molecule suggesting somewhat’ memory effect” .

Keywords Optically active helical polymer Memory effect Radical polymerization Atom transfer radical

polymerization Anionic polymerization





