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(PEGMEMA) ,M, =950, #fi if Kk T 99. 8% , %
Sigma-Aldrich 2 & ; N, N'-— ¥F & 3 B — 7 Jii
(DCC) , BESL BB, LB Acros A Al N-¥2 36T
TR B (NHS) - H R A 2 BOR A BR A FL
SDS, Tris , [& 24 £ P4k 2% 350 A BR 2 W) s N, N-Z 1
S (DMF) 5 — H E WA ( DMSO) |, fk 24l
] 24 4 W Ak 2150 A BR 2 ) A i 43 i A
CaH, 4b 3 ; B-T9 &R , I T 45 — R T, Bl T 3K 51
AR H.

758 ] A 2 v G A AR AT PR A ) Bruker Vector
22 {8 k20 ARG AY 5 95 [ Bruker 23 F] Advance
DMX 500 #4745 4% 86 2 4R A (LA TMS S AR ) 5
£ [E Waters 2690 ¥ #H 6. 3% 1 ( AcOH/AcONa %%
PR AE R VeI, i 1.0 mL/min) .

1.2 SDS-ZREEESH (SCC)IH &

B 5.0 g CS T 500 mL 2% (V/V) By ik 7k
VWP, 16.0 g SDS % F 200 mL 2% (V/V)
BE MR K B W . 58 Vs f s, F% SDS % Wi 22 12 fin
AF| CS WP RIZUBFE 3 h J5 , B0 Ik a1
W, FHEEFRKEEBRED S K, B HETHG
SCC, =% 85.3% .

1.3 3-S5k AE (MI) 5 &

U PR T (9. 95 g, 102 mmol ) Fl B-N %
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£ 170 °C, N 90 min. ¥ ¥ H) 5 BE 78 R 25 B
B2, R AT T 75 mL 4K i, FH 2R 2R E B
(100 mL x4). JEZ&BR 2 LR L TR )G , 5% 4% B4 H
TR EL . RR 5T % .
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HIMAZI %A SCC ) DMSO % # (0.05 g/mL)
R SRR L (A VAR 40 °C RV 48 h ) R
WEIAWNE A ZEE (2/1, V/V) RIR-GH T T 15
LLEREULTE , B O W IT F VR 3 I, L2
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B SCC-MI(2.0 g) % f# F 20 mL DMSO 1,
FEVR R o B VA W2 T A 31 200 mL 15%  Tris 3%
Wb R ZIEHE 15 min, B0, FH BETTE AR UL
E AL B K VR 3 IR, A R T AR CS-
Mi, =% 60. 1% .
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Bk 20 7, 5 BR TR VKR I 1) 0 Tk AT DTOE . IR
EVIVE, H2s T 18 F-PEG, 7% 87. 4% .
1.6 F-PEG #1 CS-MI fj D-A & i

CS-MI( 100 mg) ¥ f#F 10 mL 2% (V/V) iR
KW, 18 58 2% M )5 A F-PEG (200 mg) ,
40 C NN 48 h. J W 58 e B R IR DT TE F)
50 mL 2, ik A1 PN B TR SR (L1, V/V) L8
O WA VLTE , FH S Bk PR I B T
1.7 BUBEEBEDARNREYERN

CS-MI 1 F-PEG fin AZRESS T, I 2% (V/V)
9 ST AR K FIATA T B2 I35 i, W A% WG4 22 T 40 “C K
WA AERE 1 h BURE DN, 36 5 R B AR S e A
L, ¥ CS-PEG ¥ TR ARk, o8 8 T
90 CihiE A, &ERE 1 h K Il — K.
1.8 CS-PEG @@ MEHTR

1 CS 5 CS-Mi(10 mg) ¥ T 2% (V/V) BE 2
KA, 3.0 mol/L F10. 1 mol/L f# NaOH %
ORI pH A 3.0 AR YIE 5 2 11,0, I F %840 4
G T Y VA ek B, DT ) S A K
v, AN OO B R H A B A W UV-
1800.

2 HR5TR

2.1 CS-MI #1 CS-PEG By R1E
CS-MI il CS-PEG 1) & B £ an &l 1 fr /. 8
b 78 BB - ot R R N 2 ) R AH B R
BCER HL i - R A E R E A, — Oy T T
RWEAE A AL o e DA A A5 1 R ok IE i
VIR AT 75 Y AH 25 1 F B R 2 e s 4 1, 55—
J7 1, kAR TS R R R S SRR . B2
CS,CS-MI 5 CS-PEG Ry £r4hik . 5 CS # 3% &
AH G, CS-MI 7E 1760 cm ~" HY B — A il St 108 )i 0,
& B I f 1k S i 1 ) b 388 2o R 5 2 ) E BB 2
B b5l 1700 em ' Ak 1 i s R T G B EE M Y
FRAE I W0, 72" H-NMR 3% & |- (& 3) 6 CS 5
CS-MI (1 S X LT LRI, 72 6 =6.3 AL T
— N B U 3K A DA X N ) S T R Tk P e DUEE |
M. BT 2E AR 6 =3.0 Ab (52 RMEHE
W2 SMME) 5 6=6.3 b B L6, 15
F) MI R EE Ry 129% 2247 .

MI BUR B 12% 1 CS-Mi 5 F-PEG JZ i
J&, CS-PEG 1y 41 4 & 1% h, 7£ 2875, 950 Al
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Fig. 1 Synthetic route of CS-PEG

840 em ' &b 43 5 BT B A W A 0, 4 ) Xk R
& PEG [ C—H,C—0—C F1—CH,— ¥ ¢ 1
Wi B PEG O B2 A% 31 78 M F 455 I

CS
M e
V WCS—PEG

4000 3600 3200 2800 1800 1600 1400 1200 1000 800 600 400 200
Wavenumber (cm™1)

Fig. 2 IR spectra of CS, CS-MI and CS-PEG
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Fig. 3 "H-NMR spectra of chitosan, CS-MI, F-PEG and CS-PEG
Table 1  Characteristics of CS-MI and CS-PEG under different conditions
Pnateimide” sce 4:1 6:1 8:1
DS of maleimide® ( % ) 5.6 8.1 11.4
DS of PEG* (% ) 4.9 7.2 10.3
* The feed molar ratio of N-(2-carboxyethyl) maleimide to the repeating unit of SCC;
" The degree of substitution of maleimide was evaluated as follows:
DS = Proton intergration ratio of H8 of maleimide/2
" Proton integration ratio of H2 of chitosan + ( Proton intergrtion ratio of acetyl group of (chitosan)/3)
“ The degree of substitution of PEG was evaluated as follows:
DS = Proton intergration ratio of methyl group of PEG/3
~ 7 Proton integration ratio of H2 of chitosan + ( Proton intergrtion ratio of acetyl group of ( chitosan)/3)
a) CS-PEG 10% 100+ —— Furan-PEG
b) CS-PEG 6% —0— Furan alchole
¢) CS-PEG 3%
d)cs g %01
Z 60t
o
5
= 40r
o
O
20F
0 \ ) . . . )

78 9 10 11 12 13 14 15
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Fig. 4 GPC traces of the modified chitosan samples
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Fig. 5 In situ '"H-NMR spectra for the synthesis of CS-
PEG
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PEAT SO, BT L RUBE 2R 390 5 R ek A o R AR
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ARV WA BRI H 24 h 5 &RA T
W, OF BAZRE TP B T W] B UiTE , X R W 5
B LR S ML KA T RO, 7e M A 5 S Bk
JE 7R T ULTE.

H9 H8
}A 1, ‘ 24 h
p——— LT P—
20+
8h
18+ ’
S 16} ; 3h
2 14f
S 12 Oh
g e Ao
k= 10+ 8.5 8.0 7.5 7.0 6.5 6.0 5.5
= )
fén 8t )
u]
= 6F o
4t c/:(f
.
Or o
0 5 10 15 20 25

Time (h)

Fig. 6 In situ ' H-NMR spectra for retro-DA reaction at 90 °C
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Fig. 7  Solubility of CS-PEG and CS in the aqueous

solution as a function of pH changes
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SYNTHESIS OF CHITOSAN-O-POLY (ETHYLENE GLYCOL)
THROUGH DIELS-ALDER REACTION

Yu-cun Jin', Yi Lu', Lin Yu', Mo-yuan Cao', Han Xiong] s
. 1,2 . . 1,2
Li-qun Wang *~, Hong-liang Jiang
(" Department of Polymer Science and Engineering, °Key Laboratory of macromolecule Synthesis and Functionalization ,

Zhejiang University, Hangzhou 310027)

Abstract  The feasibility of employing Diels-Alder reaction for improving the grafting efficiency and
controllability of poly ( ethylene glycol) ( PEG) towards chitosan ( CS) was evaluated. Diene-capped PEG
(PEG-diene) was conveniently obtained through thio-acrylate reaction between furfuryl mercaptan and poly-
(‘ethylene glycol) methyl ether methacrylate ( PEGMEMA ). By using sodium dodecyl sulphate-chitosan
complex ( SCC) as an organo-soluble precursor, the dienophile, ( N-( 2-carboxyethyl ) maleimide ) , was
regioselectively conjugated to the hydroxy groups of chitosan backbone through conventional coupling method.
Sodium dodecyl sulphate (SDS) was then removed from the conjugate simply by precipitating the reaction
solution into tris ( hydroxymethyl ) aminomethane ( Tris) solution to give the chitosan intermediate carrying
dienophile moieties ( CS-dienophile) . In situ 'H-NMR was further used for studying the Diels-Alder reactions
between CS-dienophile and PEG-diene. It was found that PEG could be grafted onto chitosan backbone in
aqueous media under mild conditions. In addition,the PEG grafts could be detached from the graft copolymers
at high temperature through retro Diels-Alder reaction.

Keywords Chitosan, Diels-Alder, Poly( ethylene glycol) , In situ 'H-NMR spectroscopy



