57 101 = S S S No.7
2010 427 ACTA POLYMERICA SINICA Jul., 2010
R 5

EERHEERRNRFERRBRAIBRIG A SR

A EAW MIH K

A g 1 RET

T8

f

(" hERF R AN A A S KR A TR RS K 130022)
C PEREBEFI RS dbE 100039)
(3 Department of Chemistry, Drexel University, Philadelphia, PA 19104 USA)

B E LUN-RIEBABNG (NHS) {05 L2 E R AR AT E 5 A M U R A48 5, 158 TRl A2
WA Ak 1 SR A R 5, LA PTG P 10 R e D10 SR Ay 0 £ 37 PR 42 K SR 5 0. Y H-NMIR 3% 437 e 3% 43
HrE Tk i e 1AL S IR . DR L A A7 6 1l 3R 5 1 ] LAY i 1 ik R 22 i i v . o SR & W i i Ao
PEFHEAT 15O RAGIMR L WAL BTSSR R, SR 9 55 W) BAT 55 A M R SR AR R iy mT 3t 1) 4 fl il
JEGE R I AT TR B AR, R B R A AL =G 1. TR, LLE B S AN X ST 3R A 9 5 7R I T 2R
EP AR S e 4 ) S A Ok T LSRR DU SR AR AR A F 40% DLE RGN A B

MR AT TiHE

KR ROEIR, AMPURE, EILRY), wist, LW

H 20 {42 70 4RUT R R THOR BLLAR,
DRUFCELA R ) 2540 FOOE 53 04 W BEAL ~ R B, 7
BEUR DLHL T 23 F AL AR T RN T 2R,
N GER A A RS N e S < 22
I B I FH R 10 32 B 5. ARk, ARy ey
GUS AT FEUE R, e i FRLAR 5 R0 EON T 2 Fh 2
MR AR 3855 ok, AR R I i S A i
PEF . G r i o G SR g SR I 25 fh —
FiRE S AR 4R B B AT HL 9 R B AR R, R
A BRI AR 0 ST, — T o 4
TR RS T S F IR
ARSI, I AR TAE M IR N 2 5 R AU R
iE , S HAESE BRI v A2 21 1 BRI T L g 201
RRAR T T HA 5 S 2 T AL s A
Jit, B R B 2 Ml Wi P A R A T R A ) RE s
TSR TR S R B 5T R ke
FEAR SRR I A B GE 9 A W e o0 T AN SR LR L 3R
e-CNBRLL S R AR FE W o oo b b 15 380 T
— ZR 57 [ g AT R P AN AR T R R 1) g 201
PORNT T TEAR POV R, A 43 4 Bk
G figp JIC T WA 189 /N 73, T AR AR R AR 2 o
B S UN RN S ] 8

ARSORG ELAT HL T T ) 2R e DO SR A (AT) 24
SR E R (PLGA) 4k b, 75 2] T DLl A= Py F%
il (R SR R A 32 B R AL R R SR, O X At
RYDIEEH SR IE ST T RAE. R Y45
Bl 1 .

1 RKF S5

R(L-A21R) (PLGA) ZMSCHR[ 10 ] 5 15
N-ZEFE-1 ,4-XF 28 — e (4l 98% , Aldrich 28 A] ) 5
4,4"- " i Be- TR B iR #h (26 85% , TCT 24
F)) s IO Ak e (DCC, 415 99% , Aldrich
ONF]) s N-F2 3L B8 FAWE W He ( NHS, 35 R AL R
osw]) s T R (25 B B =R A R A F]) 5

TRORG ).

"H-NMR A Bruker AM400 #2340,
LI DMSO-d MiER. Fiis ] Bruker autoflex 111 3
5 85 BB A A P, A T ) BT A S A ) 3
LRHN-1T WLOGTE F UV-2401 350 T, 5 ER 1A
ZHh 2] CHI 600C H Al 2723 Hr At , 394l i %
50 mV/s. BE S RAE IR 1TO BCRS R A
AR, B R HL , Ag/Ag " 2 K. JT
R Vario EL 23 M ACHEA T

*2010-03-09 W Fig, 2010-03-30 & Fi; [ % H AR B2 B 4 (FL 43 5 50773081, 50733003, 50425309 ) F1 R} 47 3 B br & /E WU H (T H 5
2007DFR50200) ¥t Bl ; = 3@ HEE £ A , E-mail : xschen@ ciac. jl. cn;weiyen@ drexel. edu

956



7H B AR 458 « AT FL I M I O SRR A SR A R Y B 5 3R AIE 957

O

(0]
© H H H H$  on
OH HN N N N Nw
O

Fig. 1 Structure of copolymer PLGA-g-AT
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Fig. 3 The UV-Vis spectra of copolymer dissolve in (a)
DMF and (b) buffer
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Fig. 4 Calculation of the graft ratio of copolymer PLGA-g-AT
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Fig. 5 Cyclic voltammogram of copolymer. Measured in 1 mol/L

HCI aq

F T 4% R o ok e Bt 1) A7 A T SR B W i Vs A
PEANT 2, RBEU i 7E DMF . DMSO KBt 7 2%
P AR o AR ME A E B GPC
SE TR AR H T n] AR IR e DU SR AR ) A R
[ B s 12 i 79 3R L-4% R mT DL FH &6 BE v S« GPC
ITERAEH Sy 12, ST X RS W 2 T
fl 5. ansCae T T R - AR 82
M1 x10* Da, 53R R 48% H4 KR H R

Y5 F 294 2.9 x 10* Da.

NHS 7165 BITS7E 50°C T 5 4 e d 4k 1%
e e ELAG A g ) 2 I 3% 1, 3 — T DA B S
RA Y L NHS (19307 F 06 7 2k 159 2030F 52, SC PR
b S Ry T AR R R DY SR AR A 3R % B
(R} EL K S o )R] AT T 4 il R X — b
TETERYZHZL T AR SR MR, 3o s ) 2R B IR SR A T
i Al e S T v 0 AN 7 e, TR IR £ AR
WARH SR RN 40 1 A 4 R 5. 3 )
R JEE A AEAE T LIRS M R 2R 18T 04 2 K 1, (4
T BT IO A A K ) T
4 it

it NHS 303 L-258 SR 0 55 14 5 1k i
ks HLA F TG P 0 R e DO R AR B R B T R L
SR INEE [ A5 5] T R B EAg B M S5 A el
Rk A B R AL R ). X R Y 55 KA
MR FRAIE B B AW HA R0 i A2 0
PE. AL, BT AR T b A S R AR R AR AT LA
W FIRB AR, B8 L RRRENAEEMEREY
B ol Ny A s 1] 0 e R A LN = 2
G H PR BERC IS Y . X X — I TR
AWFFEA AT REAE R HP AR T5 B85 2457 B m] {f
FRARRAAE T84 RN, SERBLG 1 H Bid
A LA T MRS G A B0 1, A SRR 2 20 TR 4
MR ZE h &R H.

REFERENCES
1 WongJ Y,Langer R,Ingber D E. Proc Natl Acad Sci USA,1994,91(8) :3201 ~3204
2 Schmidt C E,Shastri V R, Vacanti J P,Langer R. Proc Natl Acad Sci USA,1997,94(17) .8948 ~ 8953
3 Gomez N,Schmidt C E. ] Biomed Mater Res Part A,2007,81A(1) :135 ~ 149
4 Liu Siwei( XPUZE) , Zhu Kaizheng( AHUAF) ,Zhang Yi(#2) ,Zhu Yafei(#1F3E) , Xu Jiarui (5% ) . Acta Polymerica Sinica ( &4+ F
#4R) ,2005, (2) ;264 ~267
5

Sun Wendong( #7C4) , Hu Zhicheng( #]7 ) , Pan Caiyuan( /4 JC). Acta Polymerica Sinica( 743124k ) ,2006, (5) :692 ~696

6  Rivers T J,Hudson T W,Schmidt C E. Adv Funct Mater,2002,12(1) :33 ~37
Huang L. H,Hu J,Lang L, Wang X,Zang P B,Jing X B, Wang X H,Chen X S, Lelkes P I, MacDiarmid A G, Wei Y. Biomaterials,2007 ,28

(10) ;1741 ~ 1751

8  Huang L. H,Zhuang X L,Hu J,Lang L.,Zhang P B, Wang Y,Chen X S,Wei Y,Jing X B. Biomacromolecules,2008,9(3) :850 ~ 858
9  Hu J,Huang L. H,Zhuang X L,Zhang P B,Lang L.,Chen X S,Wei Y, Jing X B. Biomacromolecules,2008,9(10) :2637 ~2644
10 Cao Tian( # [) ,Yin Jingbo( F ) , Luo Kun( 2 1) , Chen Hongdan ( BRZLS}) , Chen Xuesi ( [f2# ). Chemical Journal of Chinese

Universities ( 52522k 244R ) , 2006, (27) :369 ~371

11 Chen Liang ([ #%%). Synthesis of monodisperse oligoanilines and their properties ( H, 7 14 4% i 55 5 ¥ 09 4> 753+ M HME TR AT 5T) -

Doctoral Dissertation of Jilin University ( 7% AR 2418 1-183C) ,2005

12 Iwata H,Matsuda S, Mitsuhashi K,Itoh E, Ikada Y. Biomaterials,1998 ,19:1869 ~ 1876

13 Han D H,Pan C Y. Polymer,2006,47(20) :6956 ~ 6962

14 Chen L,Yu Y H,Mao H P,Lu X F,Zhang W J,Wei Y. Mater Lett,2005,59 :2446 ~ 2450



960 I S S 2010 4

SYNTHESIS AND CHARACTERIZATION OF ELECTROACTIVE GRAFT
COPOLYMER OF POLY(L-GLUTAMIC ACID) -g-ANILINE TETRAMER

LANG Le'?, ZHUANG Xiuli', LIU Yadong'*, CHEN Xuesi', WEI Yen’
(" Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022)
(*Graduate School of Chinese Academy of Sciences, Beijing 100039)
(* Department of Chemistry, Drexel University, Philadelphia, PA 19104 USA)

Abstract Novel electroactive and biodegradable graft copolymers with aniline tetramer side chains were
synthesized by conversing the side carboxyl groups of poly( L-glutamic acid) to active N-oxysuccinimide ester,
which can be easily substituted by amino compounds. The main chain of grafting copolymer, poly ( L-glutamic
acid) was recognized as a biodegradable polymer,and the aniline tetramer side chain, which is similar with
polyaniline in electrical chemical properties, enabled the copolymer to gain or lose electron reversibly,i. e.
electroactivity. The chemical structures of the copolymers were confirmed by 'H-NMR, UV-Vis spectrum and
elemental analysis. The copolymer can be dissolved in DMF,DMSO or alkaline aqueous solution. The UV-Vis
spectrum of the copolymer was measured in DMF at different buffer pH values. The aniline tetramer side chain
can be oxided to its emeraldine state in the presence of oxidant and doped by protonic acid. The cyclic
voltammogram of the copolymer, measured in 1 mol/L HCl aqueous solution,showed that there were two pairs
of reversible redox peaks, which correspond to two redox processes. These characters indicated that the graft
copolymer showed a good electroactivity. The graft ratio of aniline tetramer was confirmed by both element
analysis method and quantitative UV absorbance of the copolymer in its leucoemeraldine state. The graft ratio
could reach to upon 40% by appropriate feed ratio, which meant a higher weight percentage of electroactive
units compared with those block copolymers previously reported. A new route to build both electroactive and
biodegradable polymers was reported, which may have potential application in nerve tissue engineering and
some other aspects of biological researches.

Keywords Poly( L-glutamic acid) , Aniline tetramer, Graft copolymer, Electroactive, Biomaterials





