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1.2 PEOz BOC PEOzs,-b-PClL; -
PEOz Phe-"BOC 4.5 g 0.5 mmol 25 ml. CH,Cl,
39 PEOz 0°C 15 mL TFA 2 h.
EOz 10 ¢ 100 mmol 40 mL.  MeOTs 40 mL
0.47 g 2.5 mmol
. 80°C
30 h. 0.1 mol/L 65% .
KOH 4 h. 1.5 PEOz-b-PCL-b-PBLG
THF
PEOz-b-PCL- b-PBLG
12 h. 93% . 2 .
1.3 PEOz-b-PCL PEOzy,-b-PCL,-NH, 2.74 g 0.31
1 PEOzy-b-PCL, PEOz 8 ymmol  BLG-NCA 1.5 g 5.6 mmol
g 2.1 mmol 150 mL 3. 30 mL 30°C
6h 50 mL 72 h.
. CL 10.6 1:3 VIV PEOz-b-PCL-b-PBLG
g 93 mmol 120C Sn Oct , CL 12 h
0.1% . 30 h. 82% .
. 1.6 PEOz-b-PCL-b-PLGlu
12 h 4% .
1.4 PEOz-b-PCL-NH, PEOz-b-PCL-b-PLGlu PEOz-b-PCL-b-
PEOz-b-PCL PBLG PEOzy-b-PCLy;-b-
Phe-"BOC BOC PBLG, 1.3 g 0.1 mmol 13 ml
1. 50°C.. 5.3
PEOzy,-b-PCL,; 8.8 g 1 mL 33% HBr 2 h.
mmol Phe-"BOC  0.52 g 2 mmol 40 mL
CH, Cl, - 10°C DCC 0.41 g 2
mmol 48 h. 12'h 60% .
40 mL 1.7
Bruker AM300 NMR
_ CDCl,  CF,COOD
12 h 82% . Waters 410
o fN f i ot %Q Y AR
2C|2H3 o | 7OTS HZC\— @—Cl H, H,
C 3 H, . H2C\CH3 2)
II NH2
Phe-"BOC CH3<\ %,( . ic/ K Oc\i ﬁ—ocz(cm)3 TFA_ o )/g \C/ \H: C\c/ <>
H Hy H, H, ©O C 0
é_o O H,CL
e o, © s @

Fig. 1 Synthetic scheme for PEOz- 5-PCL-NH
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' Fig. 2 Synthetic scheme for PEOz-b-PCL- b-PLGlu
GPC 35°C THF Sn Oct , PEOz
THF 1.0 ml/min Bio- CL PEOz- 6-PCL
Rad Win-IR FT-IR
KBr
"H-NMR . 1
2
2.1 PEOz-b-PCL-NH,
PEO-b-PCL
MeOTs EOz DCC PEOz Phe-"BOC
PEOz TFA BOC
KOH . 1. PEOz PEOz-b-
1. PEOz PCL-OH PEOz-b-PCIL-NH,
'"H-NMR 3
Table 1  Preparation of PEOz polymer and PEOz-b-PCL diblock copolymers
N Molar ratio of Conversion M, PDIP
" Mo/ 1g % Gpch NMR® Th
PEOz; 20:1 96 1950 1790 1900 1.10
PEOz; 40:1 93 4130 3870 3680 1.06
PEOzg-b-PClLy,y 44:1 91 7820 6360 6200 1.27
PEOz-b-PCLy3 4:1 94 11200 8800 8530 1.22

* For polymerization of EOz M= EOz 1= MeOTs Solvent CH;CN Time 30 h Temperature 80°C  For preparation of PEOz-5-PCL. M = CL I = PEOz-
OH Solvent chlorobenzene Temperature 120°C  Time 6 h ® Measued by GPC and THF was used as eluent ¢ Determined from 'H NMR data. ¢ The
theoretical number-average molecular weight for PEOz was calculated according to M, pgo, Th = EOz o/ MeOTs ( x conversion x99 + 15 The

M, peoss-pci, Th for PEOz-b-PCL was calculated according to M, ppo,.ppct. Th = M, prpo, NMR +  CL ¢/ PEOz-OH , X conversion x 114
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Fig. 3 '"H-NMR spectra of PEOz A PEOz-b-PCL B
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' Fig. 4 'H-NMR spectra of PEOz-b-PCL-b-PBLG A PEOz-b-PCL-b-PLGlu B
Table 2  Preparation of PEOz-b-PCL-b-PBLG triblock copolymers®
Molar ratio of Conversion M,
No. pDIP
M /1 %o GPC? NMR* Th
PEOzg-b-PClyy- b-PBLGy 10:1 77 11090 8100 8030 1.29
PEOzg-b-PClLyy-b-PBLG3 18:1 72 12400 9220 9100 1.19
PEozg-b-PCLy3- b-PBLG4 18:1 32 14880 11880 12030 1.17

@ Polymerization of BLG-NCA M using PEOz-5-PCL-NH, 1 as initiator Temperature 30°C Time 72 h ® Measued by GPC method © Determined from
"H NMR data ¢ The theoretical number-average molecular weight for PEOz-b-PCL-b-PBLG was calculated according to M, pposspcioppe Th =
M, peosspc. NMR  +  BLG-NCA / PEOz-b-PCL-NH, , x 219 X conversion.

4 A §=5.07 7.28 . PEOz
PBLG 4 PEOz,-b-PCLy - b-PBLG,,
B PEOz-b-
PCL-b-PLGlu. ,
3. HBr PBLG PEOz,, -
2.3 GPC FT-IR b-PCLy,-b-PLGlu,  GPC
5a 5b 5c¢ 5d PEOz, MM,

PEOzy-b-PCLy; PEOzy-b-PClys-b-PBLG,  PEOzy-
b-PCLy-b-PLGly, GPC . GPC
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Table 3  General characterization of PEOz-b-PCL-b-PLGlu triblock
copolymers®
M,
No. PDI®
GPCh The
PEOzg-b-PClLyy- b-PLGlug 9800 7380 1.33
PEOz5-b-PClyy-b-PLGluy3 10300 8050 1.10
PEoz9- b-PClLyz - b-PLGluy4 12400 10620 1.19

* Polymerization of BLG-NCA M  using PEOzb-PCL-NH, [ as
initiator Temperature 30°C Time 72 h ® Measured by GPC method ©
The theoretical number-average molecular weight for PEOz-b-PCL-b-
PLGlu was calculated according to M, ppos.s-pcr-p-pice Th =
M., veosbver-p-ppic NMR = DPpig x 90

M,=14880 M,=12400

MJM=1.1475 M /M,=1.19

a M=4130
M, /M,=1.06

15 20 25 30
Reaction time (min)

- 5 GPC traces for the products PEOz a PEOz-b6-PCL b
PEOz-b-PCL-b6-PBLG ¢ and PEOz-b-PCL-b-PLGlu d

6a 6b 6c 6 d PEOzy,

N1734

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

l 6  FT-IR spectras of the products PEOz a PEOz-b-PCL b
PEOz-b-PCL-6-PBLG ¢ and PEOz b-PCL-b-PLGlu d

PEOzy-b-PCl,; PEOzy-b-PCLy,;-b-PBLG,,
b-PCLy-b-PLGlu,  FT-IR . 6b
1734 cm’ PCL
6 c 3292 697 749
cm’” PBLG NH
PBLG . 6d

PEOz,-

1710 cm

697 749 cm™! C—H
PEOz- b-PCL-b-PLGlu

pH
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SYNTHESIS AND CHARACTERIZATION OF BIOCOMPATIBLE TRIBLOCK
COPOLYMERS POLY 2-ETHYL-2-OXAZOLINE -b-
POLY &-CAPROLACTONE -5-POLY L-GLUTAMIC ACID WITH
THERMAL- AND pH-SENSITIVITIES

WANG Huanbing' CHEN Xuesi’ PAN Caiyuan'
! Department of Polymer Science and Engineering ~ University of Science and Technology of China  Hefei 230026
2 State Key Laboratory of Polymer Physics and Chemistry ~Changchun Institute of Applied Chemistry ~Chinese Academy of Sciences  Changchun 130022

Abstract  Triblock copolymers poly 2-ethyl-2-oxazoline -b-poly e-caprolactone -b-poly L-glutamic acid
PEOz-b-PCL-b-PLGlu s with thermo-sensitive PEOz and pH-sensitive PLGlu have been successfully synthesized .
Synthetic procedure includes the following steps. 1 PEOz capped with hydroxyl groups was prepared by ring-
opening polymerization of 2-ethyl-2-oxazoline using methyl-p-toluenesulfonate as initiator and following
transformation of terminal cationic ions into hydroxyl groups in the presence of KOH. The molecular weights of the
resultant polymers increased with increasing the molar ratio of monomer to initiator. 2 The block copolymers
PEOz- b-PCL were synthesized by ring-opening polymerization of e-caprolactone using PEOz-OH as macroinitiator
and Sn Oct , as catalyst. Their structure was confirmed by their ' H-NMR and FT-IR spectra. In comparison with
FTIR spectrum of its precursor PEOz a new absorption band at v = 1734 cm™' was observed and the
characteristic signals of PEOz and PCL could be found in the 'H-NMR spectra 6 = 3.47 2.21 ~2.56 and 1.14 for
PEOz & = 4.12 2.35 1.68 and 1.43 for PCL. The relative amount of the two monomer units in the resultant
copolymers is determined by their molar ratio in the feed. Their M, NMR agrees well with the theoretical number-
average molecular weight and their molecular weight distribution is relatively narrow. 3 For application of PEOz-
b-PCL-OH as macroinitiator in the ring-opening polymerization of N-carboxyl anhydride of y-benzyl-L-glutamate
BLG-NCA it is necessary to convert the terminal hydroxyl group into primary amine. This transformation was
achieved by condensation reaction of PEOz-b-PCL-OH with Phe-"BOC in the presence of DCC and successively the
protective group BOC was removed to produce amine-terminated copolymer after treated with TFA. Based on the
integration ratio of ester methylene protons in PCL to the new signal at 6 = 7.38 corresponding to phenyl protons in
the terminal phenylalanine group we can estimated that this reaction efficiency was very high. 4 The triblecok
copolymer PEOz-b-PCL-b-PBLG was obtained by ring-opening polymerization of BLG-NCA derived from benzyl
glutamate using PEOz-b-PCL-NH, as macroinitiator and the polymerization was carried out in CH; Cl at 30°C. for 72
h.Its FT-IR spectrum showed the absorption bands of NH and benzene ring at v = 3292 697 and 749 c¢m™'
indicating the occurrence of the block copolymerization. The structure of the resultant triblock copolymer was further
verified by its 'H-NMR spectrum the characteristic signals of PEOz PCL and PBLG appeared at 6 = 3.47
—NHCH, in PEO, 4.12 D COOCH,F in PCL and 5.07 D PhCH,F in PBLG respectively. Based on their
integration ratio their relative amount in the copolymer can be calculated. 5 The protective benzyl groups in PEOz-
b-PCL-b-PBLG was removed and the target triblock copolymer PEOz-b-PCL-b-PLGlu was obtained after treated
with HBr. Complete disappearance of benzyl signals at & = 5.07 and 7.28 in their ' H-NMR spectra indicates the
complete removal of benzyl groups. The molecular weights and molecular weight distributions of the polymers
obtained at every synthetic step were measured by GPC we can see that the GPC curves of PEOz PEOz-b-PCL and
PEOz-b-PCL-b-PLGlu were shifted to high molecular weight position completely no corresponding precursors were
detected and all of them were single and symmetrical indicating high initiation efficiency of the macro initiator.
All the molecular weight distributions M /M, = 1.10 ~ 1.33 are relatively narrow. Generally the molecular
weights can be controlled by their feed molar ratios of monomer to macro initiators. The thermo- and pH
sensitivities of the triblock copolymers are under investigation the results will published in another paper

Key words Block copolymer PEOz PLGlu PCL Temperature-sensitivity pH-sensitivity
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