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PMALM-b-PSF-b-PMALM 98 % A 98 % 4 4'-
ATRP Alfa 99%
1.2
1.2.1 - N N-
Me, TREN 17
1 1 - 2- 4 mlL 0.027
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1.1 3 mol/L. 0.090 mol HCI/
PH
99% 2- Acros 99% 1h 3
99% - 2-
99.5% 6.72 ¢ 98.4% . - 2-
99.5% 6.72 ¢ 0.026 mol 10 mL 88% 50
12 h mL 36% 46 mL 120°C
99% 12 h 6h
98% 100 mL 10%
CuBr Fluka 98% 3 NaOH 10 min 100
3 mL x 4 NaOH 24 h
99 % 62°C 133.3
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98% 1- -3- 3- 24.8% .
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Scheme 1 Synthesis routes for ligand Meg TREN
1.2.2 L- 90 mL MgSO,
2.223 mol 0C 20 mL.  CH,Cl, 5.55¢ 72.82% . a y
0.275 mol 15 min 12 g = +5.3° CHCL c¢=1 g/dL .
0.091 mol I- 18 h. 12.4
150 mL
L- 15.50 g 6.55 g 28.69 mmol A
93.3%. 8.30 g 60.05 mmol 60 mlL N-
1.2.3 N- -L- MALM 30 mL 30 min
6.50 g 35.78 mmol L- 140°C
7.49 g 39.07 mmol EDC. HCl 3.62 g 35.78 " 3h 90°C
mmol EN 70 mL CH,CI, 0C 7.49 g 26.08 mmol 4 4'-
3.08 g 35.78 mmol 175°C 14 h.
15 min 20 h. 50:49
100 mL x 2 :1 200 mL

1 mol/L 100 mL x 2
mL x 2

NaHCO, 100
100 mL x 1

3 11.70 g
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83% M, e =4960 M, /M, =1.63
17.07 mgKOH/g .

1.2.5 6.2 g 1.25
mmol 0.40 g 5.00 mmol 70
mL THF 0°C
1.08 g 5 mmol 2-
20 h. 30 mL
THF 3
5.10 g
2.44% .
1.2.6 PMAILM- b-PSF-b-PMALM
3.52 g 16.43 mmol MAIM 0.82 g 0.165
mmol 0.0473 g 0.33 mmol CuBr
5 mL MALM
- - - 2
93.6 pL. 0.33 mmol
Me; TREN CuBr
5 min N+1 C
.2h 24 h
48 h THF
AL Os
2.82¢g Conv=61.7% M, =11031 MM, =
1.30  ay=-32.6°CH,Cl c¢=1g/dL .
1.3
"H-NMR Bruker DMX-400
T™MS CDCly 2 wt%
32 0 =10.

Waters
150C styragel HR6 HR4
HR3 3 THF

LiBr  DMF 5.8 mmol/L,
1.0 mL/min" ”
1.31 x 10° ~ 3.64 x 10°
3 mg/mlL 0.45 pm 25C.
LC-10AT
IC-A3 CDD-6A
10
pL 2.5 mmol/L 2.4 mmol/L
1.2 mlL/min.
T Perkin  Elmer

g

Diamond 10
K/min.
Netzsch TG-209/Bruker

Vector-22 - Perkin Elmer
Pyris 1 3~10 mg
RT-800°C 10 K/min.
JASCO-810
800 ~ 180 nm 50
nm/min 4 1 em
0.025 ¢/LL 20°C.
WZ77-1 2
dm CH; OH/CCl, 1
g/dL 16C .
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Scheme 2 Synthesis routes for N-methacryloyl-L-

leucine methyl ester
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Fig. 1 "H-NMR spectra of A  L-leucine methyl ester

hydrochloride and B N-methacryloyl-L-leucine methyl ester
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Table 1  Characterization of polysulfone and triblock copolymer
M, M, ar” M, cpc© PMALM,,,-PSF,-PMALM,, T
Sample Tit NMR GPe MM : 2 b ” , g
g/mol g/mol g/mol al b’ alb* alb C
Polysulfone 6572 6050 4960 1.63 254 4.9 52 175
Triblock polymer — 20500 11031 1.30 161 174

where [ refers to the integration value ° Determined by GPC  a/

* Determined by end group titration b Calculated from 'H-NMR M, yr =4421,/1,
b stands for the mole ratio of PMALM block to PSF block ¢ ¢ Calculated from GPC "H-NMR and TGA respectively

PMALM- b-PSF-b-PMALM

2.1.3
ATRP ATRP
27 28
11 19 N_ _L_
ATRP
bpy ATRP M, cpc = 4960
1 48 11- -1 4 8 11 Me, TREN
Me, Cyclam MALM  ATRP 4
0 PMDETA bpy 2
S| Cu' Me, TREN Conv=61.7% M,/M, =
1.30
Cu' . Brittain ~ *
i i
2 C—br b o FE 0"
CH; 1
3 HzCAY WCOOCHs | ¢ Br/Me, TREN
anisole
90°C,48 h
CH,
ATRP
Teodorescu
Matyjaszewski ®  Me, TREN DMAA
t-BAA \“\kcoocm H,C00C
M, M, <1.2 Mays /L
H;C™ ~cH H,C™ "CH
% /CuBr/bpy } ’ } ’
/ ATRP 20C Scheme 4 Synthesis of triblock copolymer via ATRP
N- -B-
Table 2 ATRP of N-Methacryloyl-L-leucine methyl ester using different ligands
Temperature Time Conversion
Ligand M: I: CuBr: Ligand N . M, a® M, cee MM,
(4
bpy 100:1:1:3 90 48 2 5386 — —
PMDETA 100:1:1:1 90 48 17 8581 6915 1.39
Meg TREN 100:1:1:1 90 48 61.7 18102 11031 1.30

Synthesis condition monomer/solvent=1/1.5 g/mL

My =213 M /1

2 C

% conversion % /100 + M, cpc initiator

PMALM-b-PSF-b-PMAILM

.0=6.8~7.9 PSF

0=0~4.7 PSF

using anisole as solvent and Br-PSF-Br as macroinitiator

* Calculated from the following equation

PMALM

PMAILM
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PSF alb  4.96 PSF PMALM
1
5.22 GPC 2.54 ! 35.3% N-
-L- 0
GPC . "H- 30.3%
NMR  TGA 5%
PMAILM35-5-PSF14-b5-PMALM35.
3 PMALM- 5 -PSF-b-PMALM TGA 400 ~ 450°C
8.5%
GPC . M,/ M, =1.63
ATRP PSF
M,/ M, =1.30 PMALM ATRP W PSF =15% + 11% + 15% + 11% x 8.5%/
» 91.5% PSF
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¢ Fig. 4 DSC curves of polysulfone and triblock copolymer
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----- PSF
)
S g N,
< g0 NS
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220 ~ 307C 7.8% 307 ~ 460°C 20
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15% 11% . PMALM Temperature (°C)
30
220 ~307°C Endo Fig. 5 TGA and DTGA curves of polysulfone and triblock copolymer
PMALM
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PSF ay  +5.3°

ay  -32.6°
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CH, OH/CCl,
832
CH,0H  CCl, PMALM
PSF CH, OH/CCl,
33
7
8
6 N- -L-
A 248 nm 227 nm PMALM a-
Cotton 336
—35k
Ape 218 nm 195 nm
o 2
- R°=0.9761
Cotton g 39r
cotton n-m” <§
* !.é
-7 5 —43F
34 73
Greenfield - L- &
+ CE/217 nm - CE/197 nm .
— 1 1 1
CD 0 25 50 75 100
CH;0H @ (CCCly) CCl
PMALM ’ ! !
random coil Fig. 7  Specific rotation of triblock copolymer in solvent
a- mixture of CH; OH/CCl, with different volume ratio at 16°C
4001 —Triblock copolymer
NMonomer POy Meg TREN/CuBr
= ATRP PMALM; - b-PSF,, - b-
g
3 PMAIM,; M, /M, =1.3.
§ —400
g
z
= —800
-1200 L 1 L L 1
200 220 240 260 280 300 PMAIM
Wavelength (nm)
a-
Fig. 6  CD spectra of monomer and triclock polymer
measured in CF3CH,OH ¢=0.025 g/ at 20°C
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SYNTHESIS AND CHARACTERIZATION OF AN OPTICAL ACTIVE TRIBLOCK
COPOLYMER via ATOM TRANSFER RADICAL POLYMERIZATION

FENG Liang' > HU Jiwen' XIAO Dingshu' ZHAO Fabao' > LIU Zhilei'
' Guangzhou Institute of Chemistry ~ Chinese Academy of Sciences Guangzhou 510650
% Graduate University of Chinese Academy of Sciences  Beijing 100039

Abstract An optical active triblock copolymer poly N-methacryloyl-1-leucine methyl ester -b-polysulfone- b-poly-

N-methacryloyl-L-leucine methey ester ~ PMALM-b-PSF-b-PMAIM  with predetermined structure and narrow
molecular weight distribution was synthesized via atom transfer radical polymerization ATRP using polysulfone
macroinitiator and CuBr/Me, TREN complex system. The structure was verified by 'H-NMR GPC and end group
titration techniques. DSC thermogravimetry analysis TGA and circular dichroism CD were used to study the
thermal and optical properties. The mole ratio of PMALM block to PSF block calculated from TGA has a good
agreement with the result calculated from ' H-NMR. Both a reversion and an increase of the absolute value of specific
rotation in the transformation from MALM to PMALM--PSF-5-PMALM were observed which were probably caused
by some kind of stereostructure of the main chain formed during the polymerization due to the intermolecular
hydrogen-bonding. The random conformation of PMALM blocks was verified by CD spectra and the linear relationship
between the specific rotation and the polarity of CH; OH/CCl, mixed solvent.

Key words Atom transfer radical polymerization ATRP  Polysulfone [-Leucine Optical active polymer





