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GS-PCL.  GSS-PCL
pH pH GSS-PCL
pH
1~4
-b- pH
PEO-5-PCL ° -b- -b-
PLA-b-PEO-b-PLA -b-
PEO-b-PLA °°®
1
1.1
e- e-CLL. 98% Acros.500 mL e-
: 2 g CaH, 48 h
pH : Sn OTf, 97% Alfa Aesar
H
P DIT 99% Acros 99%
Acros GSH Sino
DMSO .0.4 nm
. o0 ) . N- HEMI
11 14 .
400 M '"H-NMR  Bruker ARX-400
CDCL,  D,0 300 MHz 'H-NMR
2 Varian-300 CDCl,4 JEOL
JEM-100 CXII
100 kV GPC
Water 515 Water 2410
pH Styragel HT-2 + HT-3 + HT-4
THF 10 mg/mL
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THF 1 mL/min
35C
Millennium 32. UV-2101
500 nm
1.2 PCL M-PCL
M-PCL,, 5ge-CL 44
mmol 100 pLL Sn OTf , 15 mg/mL /THF = 80/
20 20 min
0.618 g N- 4.4 mmol
3« . . "
.25C 48 h.
CHCI,
90% .
'H-NMR CDCl;, 6 6.74 s 2H —CH=

CH— 4.24 t 2H —NCH,CH,0— 4.04 ~
409 m—CC O O—CH,CH,— 3.80 t
2H —N—CH, CH,0— 3.65 t 2H
—CH,CH,CH,0H 2.21 ~2.33 m —CH,C O
OCH,— 1.55 ~1.73 m —CH,CH,C O
OCH,CH,— 130 ~ 1.48 m —C O
CH, CH,CH, CH,CH,0— .
1.3 PCL T-PCL

T-PCL,, 5 g e-CL 44
mmol 100 gL Sn OTf , 15 mg/mL /THF =
80/20 20 min
0.342 g 4.4 mmol 3

12 h.
CHCI,

86% .

'"H-NMR CDCl;, 6 4.18~4.20 t 2H
HSCH,CH,0—  4.05 ~ 4.08 m—C O
OCH,— 3.63 ~3.67 t 2H —CH,CH,0H
2.70~2.80 m 2H HSCH,CH,0— 2.38~2.21
m —CH,C O OCHL— 1.73~1.5 m —
CH,CH,C O OCH,CH,— 1.45~1.51 t 1H
HSCH,— 130 ~ 148 m —C O

CH, CH, CH, CH, CH,0— .

1.4 M-PCL GS-PCL
GS-PCL,, 0.614 g GSH 2

0.5 mL 0.5 g M-PCL,, 0.39
mmol 4 mL THF . GSH

M-PCL  THF 12 h

mmol

THF

94 % .
'"HNMR  D,0 ¢ 4.5 ~ 4.6 s
—CHCH,S— 4.2 ~4.3 m —NCH,CH,0C O

CH, ,CH,0— and —NHCH,COOH 4.0 ~ 4.2
m —C O CH, ,CHLO— 3.4~39 m
H,N—CH COOH — —N—CH,CH,0— —C O
CH S— CH,— and — CH, ,CH,OH 3.2~3.35
m —CH,—S— 2.6~3.0 m —CH S—
CH,C O — 24 ~25 m HN HOOC
CHCH,CH,C O — 2.1~2.4 m —C O CH,

CH, ,0— 1.8 ~2.0 m —CH COOH
CH,CH,C O — 1.5~1.7 m —C O
CH,CH,CH,CH,CH,0— 1.2~1.5 m —C O
CH, CH, CH,CH,CH,0— .

1.5 T-PCL GSS-PCL
GSS-PCL, 0.614 ¢
2 mmol 0.2 g T-PCL;; 0.2 mmol 4
ml. DMSO 80C 4 h.

98% .
4.35~4.40 t 2H —
SSCH,CH,0—  4.05 ~ 410 m—C O
OCH,— 3.60 ~3.65 t 2H —CH,CH,0H
2.95~2.98 t 2H —SSCH,CH,0— 2.38 ~
2.21 m —CH,C O OCH,— 1.73~1.55 m
—CH,CH,C O OCH,CH,— 1.30~1.48 m —
C O CH,CH,CH,CH,CH,0— .

'"H-NMR D,0 & 4.35~4.40 m 2H —
SSCH,CH,0— and —NHCHCH,SS— 3.9 ~ 4.1
m —C O OCH,— and —NHCH,COOH 3.75 ~
3.8 m H,N HOOC CHCH,CH,C 0 — 3.60~
3.65 t 2H —CH,CH,OH 3.2~33 m —
CHSSCH,CH,0— 2.95 ~ 2.98 t 2H —

'"H-NMR CDCl; &
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SSCH,CH,0— 2.1 ~ 2.5 m H,N HOOC

CHCH,CH,C O — and —C O CH, CH, ,0—

1.8~2.0 m —CH COOH CH,CH,C 0 — 1.5
~1.7 m —C O CH,CH,CH,CH,CH,0— 1.2
~1.5 m —C O CH,CH,CH,CH,CH,0— .

1.6 CAC s
GSS-PCL.  CAC .
GSS-PCL GSS-PCL
0 0.1 mg/mL. /
/ pH 8.0 0.2 mol/L
2 mmol/.  EDTA . 0
500 nm
CAC. GS-PCLL.  CAC
pH 6.86 4.00
1.7
pH
0.5 mg/mL 24 h.
Formvar
30 min
2.0 wt%
1 min.
TEM
GS-PCL /
/ /
pH 10.0  7.3.
1.8 GSS-PCL
10 mL 0.5 mg/ml. 0.3 mmol/L
GSS-PCL / pH
8 20 mg DTT
DTT 2 mg/mL 6 mmol/L .
N, 37°C 24 h.
2.5 g NaCl

2 "H-NMR.

'"H.NMR CDCL, 6 4.18 ~4.20 t 2H
HSCH,CH,0— 4.35 ~ 4.40 t 2H
—SSCH,CH,0— 4.05 ~4.10 m —C O
OCH,— 3.60 ~3.65 t 2H —CH,CH,0H
2.95~298 t 2H —SSCH,CH,0— 2.70 ~

2.80 m 2H HSCH,CH,0—
—CH,C O OCH— 173 ~ 1.55 m
—CH,CH,C 0 OCH,CH,— 1.30 ~ 1.48 m
—C O CH,CH,CH,CH,CH,0— .

2.38~2.21 m

2
2.1
o Sn OTf ,
e-
17
N-
HEMI Sn OTF ,
1
1.
18 19
Sn OTf ,
5% . I A
0=2.75
HSCH,CH,0— & =3.67
CH, CH,0H
0=4.0 0=3.67
T-PCL 9 10
GPC T-PCL
10
1B .
Table 1  Synthesis of end-functionalized PCL*
Sample Initiator DP*  M; MM Yield® %
M-PCLy HEMI 10 2800 1.09 94
T-PCL,,  HS CH, ,0H 9 2600 1.15 86

*Polymerizations were catalyzed by Sn OTf , THF/toluene 20/80 15
mg/ml.  at 25°C for 48 h or 12 h for T-PCL M/T=10
bCalculated from 'H-NMR spectra ©Obtained from GPC “Obtained

gravimetrically
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H,N

0 Bulk r. t Sn (OTf),

0 B
S>~—C~NH
[ \———OH \/\o " HOOC !
M-PCL GSH GSPCL

o)

/
/EEN\/\O/PCL
S \
0

C~NH\_COOH

S=S—~ Pk

T-PCL P S~ OSNH C-NE_COOH
HOOC c“)
/CH GSSPCL
HOOC>/\/ c”)
GSH
Scheme 1 Synthesis of the two kinds of amphiphilic PCL
g d 0 24h  5=6.8
HS—™-0 : " b Oa/”\/\/ \/OH
SO T C PCL M-
PCL
2 94% . D,0
S
. . "H-NMR GSH
0=4.5~4.6 GSH a-
al ¢ h GSH
d
A hl ‘ 3 GRC GS-
PCL M-PCL
0
I b d £ oh ol
I N N
CN/\C/ Y Y o : THF GPC
a o)
Y ) GS-PCL : 'H-NMR
erg
GPC GSH
h
a d f
i
B \ il 2.3 GSS-PCL
g 6 4 2 0
S 20 21
Fig. 1 'H-NMR spectra of A T-PCL and B M-PCI, C—S
GSH M-PCL GS-PCL
2.2 - pH
GS-PCL GSH T-PCL
GSS-PCL pH
16
PCL GSH T-PCL  DMSO
GSS-PCL 2
0 GSH
GSH 10 PCL
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Fig. 2 "H-NMR spectrum of GS-PCL,y in D,0

M-PCL,, GS-PCL,,

1
20 25 30
Elution time (min)

Fig. 3 GPC traces of M-PCL;y and GS-PCLyq

'H-NMR 4A
5=2.75
5=2.95
5=4.2
=4.4 GSS-PCL
CDCl;,  GSH
'"H-NMR
5=4.0 —OCH,— 3.6 —CH,0H
DMSO
D,0 "H-NMR
GSH
GSS-PCL 4B .
2.4 GS-PCL  GSS-PCL

GSH GS-PCL  GSS-

PCL pH

CAC . GS-PCL

pH 10.0 6.86  4.00

d
GSH—S— S/\/OMOL\A/OH
a o) f f 9 c

b
€ f
h
aCd
U

A
O
NG & e bR
e ~
wooc % Z/ NH “COOH
O (<]
S/S
A
of
b}
B _r,/d“—o a\ def h
1 1 1 1 1 1
10 8 6 4 2 0

)

Fig. 4 '"H-NMR spectra of GSS-PCL;y A in CDCl; and

B in D,0
0.029 mg/mL 0.021 mg/mL.  0.014 mg/mL
pH 8 GSS-PCL.  CAC  0.016 mg/mL.
GS-PCL pH CAC
pH GS-PCL 5 GS-PCL
pH 9.0 7.3
0.5 mg/
ml.
pH 9.0 pH
7.3 .GSH
GSH
2
GSH pK,
pH GSH
GSH . pH 9.0
50 nm pH
GSH
GS-PCL
/
80 nm pH GS-
PCL
pH
» GSS-PCL pH 6
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GSS-PCL pH
TEM

GSS-PCL
25 nm

Fig. 5 TEM images of aggregates formed by GS-PCLy at different pH
a pH=9.0 b pH=7.3 GS-PCL;y =0.5 mg/mL

SH
i /<\/
H,N COOH
COOH 0O
GSH
Spacer
N,
A N
pK, =9.67
COOH pK, =234
pK,=2.13
. HN _ H,N _
B0 M N T,
00~ 00~ CO0O
pH =2.225 pH < 9.67 pH > 11
State 111 State 1T State [
Amino group begins to
With no charges be ionized, average number With two charges

of charges decreases

pH value decreases

Scheme 2 GSH at different pH

.
&at

o

100 nm ~ 100nm

Fig. 6 TEM images of aggregates formed by GSS-PCL, at different pH
a pH=10 b pH=8 GSS-PCL;, =0.5 mg/mL

2.5 GSS-PCL  DIT GSS-PCL
DTT
. pH 8.0 / el
GSS-PCL 40 nm LNMR 2 b
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GSS-PCL T-PCL 7 . 7 pH pH

asuSY G » GSS-PCI,

1 GSH

s PCL

Fig. 7 'H-NMR spectrum of GSS-PCLy, after being
reduced by dithiothretol DTT

0=3.6 pH
60=4.0 . GSS-PCL
PCL
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SYNTHESIS OF GLUTATHIONE-TERMINATED POLY &-CAPROLACTONE
AND ITS SELF-ASSEMBLY IN AQUEOUS SOLUTION

XU Ning DU Fusheng LI Zichen
Department of Polymer Science & Engineering  College of Chemistry — Peking University — Beijing 100871

Abstract Two kinds of end-functionalized poly e-caprolactone s maleimido-PCL and HS-PCL were synthesized
by the ring-opening polymerization of e-caprolactone e-CL.  with N-hydroxyl ethyl maleimide HEME and 2-
mercaptoethanol ME  as initiators respectively. Polymerizations were catalyzed by tin [ trifluoromethane
Sn OTf , in bulk under mild conditions. These polymers showed low polydispersities and have functional groups
at both ends. Two glutathione-terminated poly e-caprolactone ~ GS-PCL and GSS-PCL  were then synthesized by
Michael addition reaction of the maleimido-PCL. with glutathione or the coupling reaction of HS-PCL with
glutathione respectively. The structures of the two amphiphilic polyesters were confirmed by 'H-NMR and GPC
measurements . Glutathione groups on the chain end increased the hydrophilicity of PCL. therefore the polyesters can
self-assemble in aqueous buffer solutions. Transmission electron microscopy TEM  measurements confirmed the
formation of spherical aggregates with the diameter range from 20 ~ 80 nm and the size of the aggregates was found
to increase with the decease of the pH of the buffer. In addition aggregates from GSS-PCL showed redox-sensitive
properties.
Key words Biodegradable Poly e-caprolactone  Glutathione pH-sensitive Redox-sensitive





