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1.1 EEfaAH
N-(FEHE)-L- X4 E M ( N-CB,- L-ASP)
(ACROS ORGANICS 42 W) ); PEG, E¥ 4 F & N
200, #F 58, HET F 120CEE T 24 h; D, L-
LACKEZ G CAULERE & 4 FHEF
L) BB ERELE G Sn(Oct),, Tk
LA SEEZEIE; PA(5 wi%)-C #N, &
BESCHA[9, 10 ] & ; X B B ER - H, O(CP, % M 7l
FHemEE R R ) S TR S0,y , = B
=W CBZE. LK B CAHEE AR
MR BT MLRE bR SR (K AR, T M k%R
.
1.2 PLGA-(PEG-ASP), HE#MH &R
1.2.1 NYEERE I XXDBEF(L)MH
& B ON-(CREBRE)-L- KL EB(N-CB,-
L-ASPY( D )ZEF AR MERE K ERT K.
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MR ITTESWE R (%),C(57.12); H(4.53);
N(5.47), M {8 (%), C(57.83); H(4.41); N
(5.62) , LR ERESBIEMEEL XRUB =Y
B4 5 118 ~ 120°C.

1.2.2 (PEG-ASP), BIR M & 8" Hi 8
AT 0 PEG200 BB M A R H & X B ER
B-H,0 AafbAl, AR} 0.12 ml%; —H XN
B30l SN 48 h.

1.2.3 PLGA-(PEG-ASP), X EH & & *
AXxGHERSTEH&E B -EBMRE D,
L-LA.GA(D, L-LA/GA BE /R H. :75/25) #0 A4 &L RR
# 5% ,10% F 15% #) (PEG-ASP) MMEME AL
WEmEAd BT S TROZEE D, #4057

Sn(Oct), AR NPELHEK 0.03%, HEF K
EER KBS S RELNEK, T I0CHE%S
HA B R B 24 h H- A RGER, BRI
b S EMNTHT OCHETREES,
EFTREPEH.

1.2.4 MEE b F 3mSR
¥ 1g ¥ PLGA-[ (PEG-ASP) ,-10% |3t BB M T
20 mL DMF R FMA 0.5 g 9 Pd(5 wt% )-C &
R, RN T 25CHE H, KB 48 h. 45K
NG, BB REE 2N TR .0.2 pm TR
Lt EAEEE.O B AL R EREAREN
EEAP FBHEDT OCHBETHREREE.

RESHRENT :
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4 T B M i, Waters Breeze # K & W 1X
(GPC) . B HE 245 (PSOYE#m FE , THF g BE R 7, Bk
B 1 ml/min, 0 EE X 40°C .
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LA EIEAL . Rk VR ERE-L-REZERBT X
A KBr XHERER S, HEFESB XA
KBr ¥ £ , CHCL, R .

"H-NMR, Varian %} & B9 INOVASCO B! & 5 4%
BEAL IR (X . TMS % PR, CDCIL, A, Wi 5
H28°C.

P ArH7{ DSC), TA instruments DSC 2910.N, §
$(40 mL/min) . A E 5 ~ 8 mg, JH IR & F
10 K/min, H # 5 Bl - 40 ~ 240C .
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Fig. 1 IR spectra of (PEG-ASP),(a) and PLGA-(PEG-
ASP) , copolymers ((b)} 15%; (c) 10%; (d) 5% ; (e}
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Fig. 2 'H-NMR spectra of ( PEG-ASP), (a) and
PLGA-(PEG-ASP), copolymers((h) 15%; (c) 10%:
(d) 5%)

B 2 4 (PEG-ASP), M A4l i L B =¥ i)
'H-NMR & . A By ERFRIEERNIHE
MERTR, 6 = 7.3(i) & X (PEG-ASP), # B EH
L-RRXERAT LM EFPHRFEESE";
§=52(b) A PIAEBLLMEKPEMNR FILE

04 8(c) A PCAMBR W TRENETF
iR ;5 = 4.3 &b PEG KR Bk 45 H 85T 4 3
55 7 B R TV A Y T R R T b et
8=3.6(d) & PEG EF LY T H KR THILE
B d=1.6(a)WHIRE N PLABBE FRREMNE
FiiRie WNEHREAEY,6=7.3.4.3H3.6 &
AY I T 2L 4 ¥ 53 JE B J5UBL AT L (PEG-ASP), &
B MM R ARHBIER=YH H-NMR #
ZR5 REBESGEHE B ZASCRARGES
BREHNE, LU(PEG-ASP), MBM AKX FIIK
MEIZ D, L-LAH GAFHER, 5H T PLGA-
(PEG-ASP), - B # .t T B %+ (PEG-ASP),
HE LM CB RPERATHEPER FiRES
PIABTHEKBPERTHREESE, (PEG-
ASP), R P L-RAEBBE T LNKERNEE
BRFHREERERS, SELREELRIN
"H-NMR i B b Do - 9F 46 ' H-NMR i
B HEENHEMBRENNITE LIRS F
(PEG-ASP), HEBIWERSE . EXLFE1L.AE
vl & 4, B (PEG-ASP), FIE M, £ B+
(PEG-ASP), BEEBr S B AN B .

Table 1  Copolymerization results of I',L-LA and GA with ( PEG-

ASP), prepolymer

Ffooecasy Foepcasr T ¢ M, MJ T, Contact
Sample
(%) (%) £T)(h) (10') M, (1) angles(®)
a 100 100 140 48 3.32 1.53 -9.9 -
b 15 6.8 160 24 23.17 2.51 33.5 67.3
¢ 10 4.3 160 24 27.73 2.75 36.4 68.8
d 5 2.4 60 24 31.19 2.58 43.3 70.1
e 0 0 160 24 93.57 1.94 53.2 73.6

Note: fipes ase) (%) feed mass foaction of (PEG-ASP). 5 Fpsg ase),
{%), molar contents of (PEG-ASP), in copolymer., calculated from 'H-
NMR; T, polymerization temperature; ¢, polymerization time: M,,
number average molecular weight, measured by gel permeation
chromatography { GPC ); M/M_, palydispersity; T,. glass transition

temperature

2.2 @ERMERYEENERE

B 3 5 F [ 41 B PLGA-(PEG-ASP), t & #
B GPC M2k ME W o] I8, JE R 4 b T 3B 4 1 3
S ARHEBILRYI GPC L EYIE -8
BOEEYHASFREBEATHRENTRED. B3
P RYIM GPC M EM M/ NEETTRER R A
HEPERTER S TEN PLGA BN E
HOUBRELHBAGENENES S FEM )M
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B FRIEAR.

1 | 1 i L 1

25 30 35

1

20
Time (min)
Fig. 3 GPC curves of (PEG-ASP), (a) and PLGA-
{PEG-ASP}, copolymers((b) 15% : (c) 10%; (d)
5% )

B 4} K [ 40 B PLGA-(PEG-ASP), £ B %
B DSC &k ME R E i, LYY DSC #i &k b
BRE BB RERA, R R R, &
BE 4 B i PLGA-(PEG-ASP), X BY A X EFXFE
A MERRATENR, LARYN T, AT T
(PEG-ASP), TR # PLGA75/2S XYM T, A
ZHE(AFE 1), BREIL R P (PEG-ASP), BB &
BEINTZ & T KX 5 m 2 ENTE PLGATS/
25 - FEEFSIA T PEG £ EER &S, B BT 7
B PLCA it Bt ST BB ELAFN .

Endo (l/g)

1 {
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1 1 | 1
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Fig. 4 DSC spectra of (PEG-ASP), (a) and PLGA-
{PEG-ASP), vopolymers ({h) 15%; (c) 10%: (d}
5%; (e) 0%)

PLGA75/25 M AR 4H i PLGA-(PEG-ASP), 3t
EMEENETEEMALE I ANRDPATEL,
PLGA75/25 7+ F 9 4 5] A (PEG-ASP), #Bt)5 ., H
MR EEmARAD N, LY (PEG-ASP),
SEEA HKEYHEBEMAROEMSA TR
YO0 B fioh A T S BB O S K 9 5 , 3R T HE i
/b RAM B RIS, BB S TEMERED
HE. Hit, Fd % FE R PLGA-(PEG-ASP), )
FAKHER T PLGATS/25 B9 3% /K ¥ ; B ( PEG-ASP),
GBS BN, PLGA-(PEG-ASP), B /KR5S .
2.3 HEPMER L CB, ZEHAMNRBRE R

5 34 PLGA-[ ( PEG-ASP) -10% | it B 1 7
Bk CB, A5 B9 H-NMR % . )\ B F o] T £
B,k cB, BHE , XEYH HNMR & L &=
7.3 %0 F CB, EATMFHFR LM FI iR
Wk EERXVRAMHALMERE, L PGS wi%)-C
AN EREL R elRERYMERE
) CB, Z:H .
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Fig. 5 'H-NMR spectra of PLGA-[( PEG-ASP)},-10% ]

copolymer prior to {a) and after (b) deprotection

Ble M CcB, RA S B Y PLCA-
[(PEG-ASP) -10% 8 GPC B¢k . MBI FE] F 1,
HEBY R CB, £H G GPC g4k F W {UFH —
THE DRELEAGENENES S T8
(MOFRTENARREE (M /MOWE 2 MEH
BN, B CB, ZARNS TRR TR
I CB, B BT AR rRITEBRIANEL
,MA, £ AXTH CB, XARMERDNST
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Fig. 6 GPC curves of PLGA-{ (PEG-ASP) ,-10% ]

copolymer prior to{a} and after(b) deprotection
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Table 2 Properties of PLGA-[ (PEG-ASP},-10% ] copolymers prior to

and after deprotection

N Contact
n (PEG-ASP), M, M,> M. T,
Sample angles
(%) (1) (1) M, (1) *)
Prior to deprotection 4.3 - 21.68 2,24 32.2 68.8
After deprotection 4.3 21.3922.15 2.82 32.9 &7.1

Note: n (PEG-ASP),, molar contents of ( PEG-ASP), in copolymer,
calculated from 'H-NMR, M), calculated by the M, value of PLGA-
"(PEG-ASP),-10% ] prior to deprotection; M,". by GPC, relative 10

polystyrene standards

B 7 R CB, R EE I F X R Y PLGA-
[(PEG-ASP).-10% | DSC fh&k . WEF T FE W,

FRBR AR 0 B B S B 3R M B0 DSC 4k R LA
— AL R R, R AT R, X R A3
BUHFE LMEEARPFEAGSBRRS, R
MPARANLEREREY . % DSCHEHR BRI
EEERREFEAMNGH T, ERTR2. AR
FAE G, RS L FEF ARG,
HEHY T, BEAX BARS XWEEET
Wik CB, 2 H 31 /5 R YK 5 78 B iz g4 ol
DR cB, RAESTRAERTEARME
> SR

JE——
’—-—"f_-'__

Endo (J/g)

A 1 1 1 1 L
-20 0 20 a0 60 80
Temperature (°C)

Fig. 7 DSC curves of PLGA-[ ( PEG-ASP), - 10% ]

copolymerprior to {a) and after (b) deprotection

ME 2B E H, PLGA-[ { PEG-ASP),-10% ]
EEYRERATEBR CB, XA EBRRBE R
EERHA TR IRERBERYNE L0
HREEGS, LEYHFKEEBES.

REFERENCES

Weon C Y.Chu C €,Lee ] D. Polvmer, 1998 ,39{25) :6677 ~ 6681

Holy C E,Cheng C, Davies ] E,Shoichet M S. Biomaterials, 2001 ,22:25 ~ 31

In L C,Peter S J,Lyman M D, Lai H L, Leite 3 M, Tamada ] A, Lyama S, Vacanti J P, Langer R, Mikos A G . Biomaterials , 2000, 21(8) : 1837 ~ 1843
Hirkach | $.0u J,Lotan N, Langer R . Macromolecules, 1995 ,28 :4736 ~ 4739 '

Flisseeff J, Anseth K, Langer R, Hrkach | . Macromolecules, 1997,30:2182 ~ 2184

Cook A D, Hrkach 1 5,6a0 N N, Johnson L M, Pajvani U B, Gannizzaro 5 M, Langer R.J Biomed Mater Res, 1997,35:513 - 523

Won C Y,Chu C C,Lee ] D] Polym Sci, Polym Chem, 1998,36:2949 ~ 2859

LI - I - Y N

=

11
12
13

Lee K H, Wor C Y, Chu Club-Chang. Cell Trassplantation, 1997,6(5) : 1x

Mozingo R, Adkins H.Camahan ] E. Organic Syntheses, 1946,26:77 ~ 82

Chen Songying! BRiHZE) , Chen Beil BF 7 ), Wang Qin{ E3) Journal of Fuel Chemistry and Technology { #5655 438 ) .2001., 29 (suppl. } : 244
-~ 246

Caron A,Braud C,Bunel C, Vert M. Polymer, 1990,31:1797 - 1802

Yokoyama M., Inoue 3, Kataoka K,Yui N,Sakurai Y. Makromol Chem,1989,190:2041 ~ 2054

Zhang Yong( % 5}, Zhung Aiying( 7K B %) , Feag Zengguo! 1338 B) , Ye Ling(M 3% ), Xu Ruixing{ B 3 3% ). Acta Polymerica Sinica( ¥ 4 F 5
#),2002,(2):167 ~ 172

Kimurz Y, Shirotani K, Yamane H, Kitao T. Polymer, 1993,34(8) : 1741 - 1748

Feng Y.Klee D, Heker H. Macromol Chem Phys,2002,203:819 ~ 824



332 =1 a2 F = i 2005

SYNTHESIS AND CHARACTERIZATION OF NOVEL COPOLYMERS CONTAINING
PENDANT AMINE FUNCTIONAL GROUPS BASED ON D, L-LACTIDE,
GLYCOLIDE AND POLY{PEG-co-L-ASPARTIC ACID)

LUO Binghong', QUAN Daping’, LIAO Kairong', LU Zejian’, ZHOU Changren'
(' Biomaterials Research Lab of Chemistry Department , Jinan Unitersity , Guangzhou 510630)
(* Institute of Polymer Science , Zhongshan Uniwersity , Guangzhou 510275)

Abstract  Poly{ poly (ethylene glycol)-co-L-aspantic acid) { PEG-ASP), altemating prepolymer was first prepared
by the solution polycondensation from N-(benzyloxycarbonyl)- L-aspartic acid anhydride and poly(ethylene glycol) .
Then, the novel PLGA-(PEG-ASP )}, copolymers with pendant amine functional groups were synthesized by bulk
ring-opening copolymerization of I, L-LA with GA using tin octoate (Sn(Oct);) as a catalyst, and (PEG-ASP),
prepolymer as a co-initiator. The structure and properties of the novel copolymers were studied by GPC, FT-IR,' H-
NMR and DSC, etc . Results showed that the PLCA-( PEG-ASP) , copolymers were typical amorphous polymers . The
content of (PEG-ASP) , prepolymer had significant influence on the properties of the copolymers . The hydrophilicity
of the copolymers was improved and the value of the glass transition temperature( T',) decreased as the content of the
prepolymer increased . The benzyloxycarbonyl ( CB,) protecting groups of the copolymer were totally removed by
catalytic transfer hydrogenation using palladium over activated carbon (5 wt% ) as a catalyst and H, as an effective
hydrogen donor. The molecular weight,the value of T, and hydrophilicity of the copolymer were somewhat inereased
as the CB, protecting groups were removed.

Key words Tissue engineering, Poly ( D, L-lactide-co-glycolide ), Poly ( poly { ethylene glycol )-co- L-aspartic

acid), Functionalization



