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X@A  6-FE-2,5-"HREGMH, CRER TR

REKE (polyglycolide, PGA) REFMHE - RERERME., HARME
BEAEEFE RERIFNSEETRAYE, FERTIHRFERELRY, PGAHRYD
R BBRAETNIRESHAEZNAHEZRMRE. X T%HE PGA ik
R EYERERRECEMBAERE, UEREEARANE BER, AMIZRARAER
R EARTAR/BETE (PLGA), CNEE/BECE (PCGA) &Y, BT
PGA WG, HHIMBERMEMRERSIARHRE. H6(R,S)-FE-2,5-T 8%
Mk (6-methyl-2,5-morpholinedione, MMD) FIE LB EIFY PMMD HF&EHFEK
YRR B KRR AROR S, RERERRNEREELELERR &%,
Feijen % AFF3XT MMD 5RZIER. CNERFTIRIERIT 4 R B LR MBI MR 1T 4,
HMRERRE MMD 5| AEREFEFHEE MRS, B, ¥ MMD 5|ARREC
B, T EERE ERERECBETRROEMR. A TREREETRIOEE,
BITEARTH FHREEBEBABREBAOMRAK-6-FE-2,5- “RELGHK, ¥H5TX
IR, BT -RINAEAROFILRY, H 3 E & Fpi g7 T RIE.

6(R,S)-HZ-2,5- "R EMEME B XER 215 E&KH., TXKE (Glycolide) £
polyscience Co =&, MMD FI Glycolide RAHFIHLI iR, FHRR GBUF
BUBASIEAATEHEDPHRTHOEAERE, REFUETARTRE, RET CE®
BUE. EARUOHARERHSSBERILRMN, RIE MMD 4 FrhBER Glycolide
PR EMBERAESBENARNGH. RAVHKBIEERE, BARBERAZE
FlERE DSC O NUE. REVWHHENBEUARRFENEN AL KEET
F 30°C ;3.

1 6(R,S)-FH-2, 5~ BNz, S RS py 6 B A

MMD FMCREREAARTIHREE, BETREKFTRRE, REFAFOARRXNHL
RKAAMRROEW, EARTTIEPTAAREGRGTAXT -RAARARD 3 &K
W, 3 X AT T RAE, B 1 %4ikE MMD 52 ERIER Yy 'H-NMR EE, Erh
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Fig. 1 'H-NMR spectrum of P(GA-co-MMD)
with 44.6% MMD mol content
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Fig. 2 DSC spectra of P(GA-co-MMD) with (a) 0;
(d) 44.6%

(b) 17.5%;
(e) 66.0% MMD mole content

(c) 26.2%;

Tab, 1 Effects of temperature and time on the copolymerization of MMD
and glycolide

T(C) 115 130 160 130 130
#(h) 45 45 45 22 72
Yield(%) 85.6 91.7 91.4 93.6 92.7
MMD* 14.0 19.0 19.0 15.0 18.0
7] 0.38 0.45 0.33 0.40 0.42

a: MMD mol content (%) in copolymers, MMD mol content (%) in feed: 20.0, I/Ms(mol): 6.0/
10000, Yield = Wp/Wm (Wp:weight of purified polymer; Wm:weight of monomers in feed)
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RAREGHOEME, MK 1 JUBHRE ORISR AKRE, RAREURRE
ISR R AT W0 R VAR RSSO EABREW, BERIE (115C), Baw™
FURERHR MMD BT ERR. XTHEHTRARNABHEIE. %4
EEETHE 160°C Bf, AWM MBIRIRT 130°C 074, #EX#IFE MMD Fn
Glycolide HRABHIREESF B2 130°C 1 170°C®9, XT3t ®EK R, BT MMD i
TSI SR ARRE R, YRGBEIER, REDERBOERE, STRE
BEZIEMR, HRARELAZI22/N I, BN AR A, B AR = R A R R B
mam. BHRARNEEN, kR H MMD BT SRANRE. XTHEETER
RAEKART MMD RRAHEEE Glycolide I, RA YR AMAR B K MMD FiR
REETRILRE L. XRAXMRHRENEREBRNSD,

2PN TEAENRABERM A& TR MREMRAOEMER, Rh
BB LSRN S BRI BE/R I E] — B I, REAWA R SRR E MMD i
RS RAEMS IR MRAOMMTAS A, BY45%FIREREN, RAMNER
R, PEE MMD SREHABREK. XTHELTARADEEN MMD MESTE
BRI RIS R 7 M AR R R/ BN S | R M FE RO 2 R (Jk . B %) B
iR, B5IRFRBE BN, XA EAEBLLRAE, ERAREYMERET.

Tab. 2 Effect of mole ratio of initiator/monomers (I/Ms) on the copolymerization*

1/Ms(%) 0.019 0.055 0.075 0.19 0.38
Yield(%) 83.5 92.7 94.7 93.4 94.9
MMD* 12.0 18.0 17.0 17.0 18.0
7] 0.388 0.419 0.451 0.451 0.467

* a: MMD mol content (%) in copolymers, T: 130°C, s: 64h, MMD mol content (%) in feed:20.0

RZIFHBBAH T RS MMD (EBXNERALEROEW, SREXPREBHH
MMD & EHREIN, B A9/ R R BOR B R IR, LR Y h MMD & B & (KT8 &
B ERTARTUTRA :MMD BRREEARM Glycolide &,FHETEE5RE;
MMD #ip#daeEtRE, SETHREFARRKBIRNEATESY, LIEZRERE
8y, XFT MMD-Glycolide A Z, MMD U W%k T Glycolide, 3 & 7= ¥ b
MMD RIZEZERETERSWHITHIAARARTELAN, b —BrEaa8s
#) Glycolide Mg, MBI —EONEKELH MMD Hp, XEFTME ¢ FEIERE

Tab. 3 Copolymerization of GA with MMD at different mole ratio in feed*

MMD?® 0 9.9 20.1 30.1 40.0 49.9  74.9 90.1 100
MMD?® 0 9.4 17.5 26.1 34.9 44.6 66.0 84.9 100
Yield(%) / 99.0 92.7 94.1 90.7 88.6  79.2 78.5 62.0
(7] / 0.433  0.419  0.403  0.395  0.386
T,(°C) 42.5 53.8 62.5 67.5 72.1 74.8 /]  86.2 90.5
T.(°C) 222.9 214.7 209.3 205.8 201.2 196.6
AHUJ/g) 83.9 71.5 58.5 46.0 34.9 19.9

* MMD mol content (%) a:in feed, b: in copolymer T: 130°C, z:48h, 1/Ms(mol): 5.5/10000
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iE¥. PMMD } MMD &EHEEMNXRYTIAE DMF hgeyEM, 1 PGA IR

T DMF, mEIARWETETHML,WH DMF ERFIERAGWOARAMHE.E
R ERRP, YERY P MMD WEER&SEAT 0.2 i, £ DMF REULRIIRYH
MMD H&BERTERZARAWIHOEE.

Tab. 4 MMD mole contents (%) in copolymers Prior and post
extraction by DMF*

Oringinal 9.4 18.9 26.1 34,9 44.6

After extraction 10.1 18.1 16.7 22.2

* Polymer/DMF:1/100(g/ml), T: 60°C, #:10h

HEMM T, B T, BEEEARELHOESHHIEX—A, B3 %8 DSC JE R

% Fox HEEMN 1/T, SHEMH MMD ERSFMXERMKZ, MNERHKTUE
BULME T, S5 Fox HEHBHEAHEREZ. TAEEETREIBEIN T,.
ERREGTREETUTRERS: —FEXNLARDN T, RRRIMISEXEE &
PGA SB R, XEXMHE T, ReEEANTELX ZREFHEN MMD BTN
13 R — 5T , ETFTR,, MMD 5 Glycolide 3tEFFBEMARZELMIOLTY, H
Al B A& & HRH RS KB R IRy, T Fox HRUNTEERATHMERARKLE
BRI TR MIMEEE FIR A THIRY. RSB ARNE LE
BEEX—iE, HTH—RESERAYETH—RERR AR TERSINER
Y, AR E RN L B Flory HBYSR Baur HRTHR:

1/T,,— 1/T% = —R% In(Xc)/AH (Flory equation)

1/T,, —1/T% = —R% (InXc-1/L)/AH (Baur equation)
Hrh Xe Xu %S 8 THBERS Y, L RRTERBTHTREFFIRE, RASKEE,
AH Mt RHTMNER AR, B4 SRS AH DSC FENBH T, Rk #
Fory 1l Baur FEBHMN T. WEAKSRAMARNX AL, EhE RRUEL A
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Weight ratio of MMD

Fig. 3 1/T, vs weight ratio of MMD plots
1, Measured by DSC 2, Calculated by
Fox equation

Mol ratio of GA

Fig. 4 1/T, vs mole ratio of Glycolide plots
1, Measured by DSC 2, Calculated by Baur
equation 3 Calculated by Flory equation
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THE SYNTHESIS AND CHARACTERIZATION OF COPOLYMER
OF GLYCOLIDE AND 6-METHYL-2,5-MORPHO-
LINEDIONE

DU Fusheng, YE Weiping, GU Zhongwei, YANG Jiyuan
(Department of Pharmacy, Nasional Resérch Instituse for Family Planning, Beijing 100081)

Abstract Poly (ester-amide) copolymers of glycolide (GA) and 6(R, S)-methyl-
2,5-morpholinedione (MMD) were synthesized by bulk ring-opening copolymerization
of GA and MMD. The effects of polymerization temperature, time, initiator con-
tent, GA/MMD mol ratio in feed were investigated, and the results showed that the
optimal temperature, time and initiator/monomers mol ratio are 130°C, 48 hours and
0.1%, respectively. The DSC analysis indicated that with the increase of GA con-
tent in the copolymer, the T, of the copolymer is decreasing, the T, and crystal-
linity are increasing gradually.

Key words 6(R,S)-methyl-2,5-morpholinedione, Glycolide, Bulk ring-opening
copolymerization '





