No.3

2009 3 ACTA POLYMERICA SINICA Mar. 2009
/
:H._. *¥%
un]
610064
PPDO PEG
/ DCC PPDO PEG PPDO/PEG "H-NMR
GPC DSC TGA
DLS
PEG
DCC
-4 PPDO PEG
PPDO PPDO/PEG
FDA .PPDO
1
1.1
CaH,
-7 .PEG PEG1K950 ~ 1050
PPDO PEG2K1900 ~ 2200 PEG4K3500 ~ 4500
.PEG SnOct,
>95% Sigma
.PEG .1 4- BD
FDA
8 9 TE A
PEG -
PLE PLE
PEG
PLLA 1.2
.Na / 1.2.1 PPDO 10
PLLA/PEG PDO
80°C
42°C 48 h PPDO
37°C 20
* 2008-05-23 2008-06-10 50525309 *% E-mail yzwang@ scu. edu. cn

203



204

2009

40C ."H-NMR

CDCl; 6 4.35 —COCH,0CH,CH,0— 4.18

—COCH,0CH,CH,0— 3.74 ~3.79 —COCH,0-
CH,CH,0—  4.12 —OCH,CH,CH,CH,0—
1.71 —OCH,CH,CH,CH,0— .
1.2.2 PEG 11 )
PEG 80 ~ 100°C
6 h
/
4- DMAP /
24 h.
PEG-COOH .'H-
NMR CDCl; & 4.2 —OCH,CH,0C0— 3.7
—CH,CH,0— 2.7 —COCH,CH,COOH—

3.1 CH, ,N DMAP 6.6~8.3 DMAP
H .

1.2.3 PPDO/PEG
PPDO  PEG-COOH
DCC/
DMAP 10 min
DCU . DCU
40°C
1.3 PPDO/PEG
PPDO/PEG
PPDO/PEG N N-
DMF 1 mL
5 mg/mL 9 mL
3500 1h 200
ml, . 0.5
mg/mlL..
1.4
30 =
0.1 C %
7 0.1 g/dL
-1122- Viv=1 ."H-NMR

Bruker AV400 spectrometer
T™S .
Waters 1515-717-2414

ml/min 30°C PS
. DSC DSC Q100 V9.4
Build 287
150°C 5 min 10 K/min
- 50°C 10 K/min
150°C . TGA TGA
(500 V6.4 Bulid 193
30 ~ 500°C 10 K/min. DLS
BI-200SM 0.45
pm Millipore
532 nm 90° 25+0.1 C.
2
2.1 DMAP
PPDO/PEG
1 . DCC
DMAP PPDO PEG-
COOH PPDO/PEG
DMAP
2 1 DMAP
PPDO PPDO10 PDO/BD =
10 5 =0.08 dL/g PEG 4000
PPDO10/PEG4K . 1
1:10
80%
2.2
PPDO10/PEG4K "H-NMR
2. a c PPDO  —O0—CH,CH,—
0CO— 4 b —O0—
CH,—CO e g
—CH, CH, CH, CH,— d
PEG —CH,CH,— 4 f

—COCH, CH, CO—



3 / 205

PEG DMAP 0=3.1 6.6 8.3
DMAP

YH-+OCH>CH,OCH,CO¥; OCH,CH,CH,CH,0—~0CCH,OCH,CH,0 9 H

Low molecular weight PPDO
+
O O
y HOOCCHZCHz—g—O-GCHZCHzO -))—Cg —CH,CH,COOH
PEG-COOH

DCC, DMAP
CHCls; 24 h; RT

(OCH,CH,0CH,CO%-OCH,CH,CH,CH,0—0CCH,0CH,CH,0 -
ﬂ) | Il Il
—C—CHZCHz—C—O-€CH2CH20—);C—€CH2CH2C§+
¥

' Scheme 1 Synthetic route for PPDO/PEG multiblock copolymer
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Table 1 Molecular characteristics of PPDO/PEG multiblock copolymers
PPDO prepolymer” GPC analysis of the copolymer
Yield
Sample® PDO/BD 7 Theor
M, M, PDI® %
molar ratio dL/g M,

PPDO10/PEG1K 10 0.08 1110 9923 13877 1.40 65.1
PPDO10/PEG2K 10 0.08 1110 16295 23016 1.41 72.6
PPDO10/PEG4K 10 0.08 1110 24597 33071 1.34 80.1
PPDO20/PEG1K 20 0.20 2130 13920 18908 1.36 79.7
PPDO30/PEG1K 30 0.26 3150 24296 32483 1.34 83.2

# All samples were synthesized at room temperature for 24 h and the DMAP/COOH ratio were 1:10 ® PPDO prepolymers used in the PPDO/PEG multiblock

copolymers ¢ Polydispersity index M,./M,
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2.3 PPDO PPDO-PEG
2 PPDO10 PEGIK PPDO/PEG PPDO
DSC PEG
PPDO PEG PPDO
PPDO PEG
PEG PPDO
Table2 7, 7T, T, meling enthalpy for polymers
Cooling run Second heating run
Sample T, T, T, T. Ton® AH,p* T AH,"
C C < < < g C Jig
PPDO10 -35.57 28.32 -32.35 24.30 87.01 82.86
PEGIK — 16.45 — — 34.85 125.7
PPDO10/PEGIK -38.92 17.75 -35.76 19.94 77.66 47.82 — —
PPDO20/PEGIK -32.54 27.73 -29.04 31.46 94.98 61.11 — —
PPDO30/PEGIK -27.73 31.27 -25.51 26.64 97.95 69.96 — —
* Melting points of PPDO or PPDO block in multiblock copolymers ® Melting points of PEG or PEG block in multiblock copolymers
3 PPDO/PEG TG
PPDO/PEG
PPDO PEG B
PPDO
PPDO PPDO/PEG
DMF
PPDO DMF
PPDO10/PEGIK
52.61% PPDO20/PEGIK  68.05% PPDO30/ BI9000AT CONTIN
PEGIK  75.90% . 3
Table 3 Thermal properties of PPDO/PEG multiblock copolymers
1" stage 2" stage PPDO
Sample Ts"  Too AW T AW PPDOTO/
i < wwB T % PEGIK 172.8 nm PPDO10/PEG2K
PPDO" 188 255 — — 178.6 nm PPDO10/PEG4K
PPDO10/PEGIK 220 262 53.71 393 40.66 192.9 nm.
PPDO20/PEGIK 218 264  67.33 390  30.56
PPDO30/PEGIK 217 261 73.29 388  24.94
“The temperature at which S wt% of polymers was decomposed ® The total )
weight loss percentage at the end of 1% stage " The total weight loss PPDO PPDO20/PEGIK
PPDO30/PEG1K PEG

percentage during the 2™ stage © PPDO polymer with n =1.35dl/g

2.4
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SYNTHESIS AND CHARACTERIZATION OF AMPHIPHILIC MULTIBLOCK
COPOLYMERS BASED ON POLY p-DIOXANONE AND POLY ETHYLENE GLYCOL

MOU Yurong SHI Jing CHEN Sichong WANG Yuzhong
Center for Degradable and Flame- Retardant Polymeric Materials ~ College of Chemistry  Sichuan University =~ Chengdu 610064

Abstract In order to overcome the defects of poly p-dioxanone PPDO due to its hydrophobicity amphiphilic
PPDO/poly ethylene glycol PEG multiblock copolymers were synthesized by coupling the dihydroxyl-terminated
PPDO with dicarboxylic acid-terminated PEG. The structures and molecular characteristics of the resulting PPDO/
PEG multiblock copolymers were studied by 'H-NMR and GPC. The crystallization and thermal stability of the
copolymers were studied using DSC and TGA. DSC analysis showed that the PPDO blocks restrained the
crystallization of PEG blocks. TGA showed that the multiblock copolymers underwent thermal degradation in two
separate steps for the PPDO and PEG blocks respectively from which the PPDO contents could be calculated and
the results were very close to the theoretical values. Polymeric nanoparticles were prepared in an aqueous medium by
dialysis technique. The more the content of hydrophilic PEG in copolymers the easier the formation of nanoparticles.
Dynamic light scattering DLS was used to investigate the nanoparticles of copolymers showing a mono-dispersed
size distribution and hydrodynamic diameters of around 173 ~ 193 nm . The novel PPDO/PEG multiblock copolymers
may have a potential application in drug delivery systems.

Keywords Poly p-dioxanone  Poly ethylene glycol — Multiblock copolymer Amphiphilic Nanoparticle





