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Scheme 1 Synthesis of block copolymer PEQ- 4-P{lys-ML)

1.3.1 BAHALE--B(NFTERE-LEE
%) (PEO-b-P(lys-Z)) B9 & 1" ¥ 1.5g(0.3
mmol)PEO-NH, , il A 22 mL F 4% DMF {f = ¥ % ;
£ 1.84 g(6 mmol ) L- B & B R 4K 1ys(2)-NCA,
A 18 mL T3 DMF 35 ## )5 , 38 10 2 B A 2 PEO-
NH, ) DMF B P, 40C T, @S . WH, L6
T2h R IE, R BIIA 400 mL % K ZBEF,
S, EEYA CHCL, M, . BRBHAL
KB, o, RS TR, HEREILEY
PEO-b-P(lys-Z)3 g, =H N 97% .

' H-NMR (400MHz, CDCL, ,TMS), §:1.30 ~ 1.98
(m,—(CH,),—CH,—NH—Z), 3.10 (m,—CH,—
NH—Z}, 3.38(s, CH,—0—),3.46 ~ 3.85(m,—
CH,~~CH,—0—), 4.99 (s, PhCH,—), 5.50 (s,—
CO—CH—NB—),7.23 ~ 7.52(m, C,H,—), 8.24
(s,—NH—Z)(@ 1}.

TLH A HT Cor Hai N Oy (M, = 10244) (1 =
113, m =20, RE R 1), 8 #: C59.39%,
H7.96% , N5.47%; 3k 3 f: C58.98% , H8.07%,
N5.32% .

1.3.2 EBHREZLE--F(L-BE®) (PEO-b-
P(lys) ) & %™ RS> THRIMW0.8g (1.6
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Fig. 1 'H-NMR spectrum of PEQ- 5-P(lys-Z) (CDCI, }

mmol lys-Z) PEO-5-P(lys-Z) , Bl A 9.5 mL 33% HBr/
HOAc, B &S B8, R 10 min 5, BEEHERE,
BRERE SR N, FRXTEEM XRN
45 minfg £ 1k KR, 38 KR T A 100 mL % B K
LB AR REVBRLKPHER. AL
KOEEP 38, S T4, 58 ik B I B Y PEO-
b-P(lys)0.5g,=E R 11 % .

'H-NMR(400 MHz, D,0, HDO), 5:1.40 ~ 1.98
{(m,—(CH;),—CH,—NH—Z),3.03 ~ 3.06(m,—
CH,—NH, ), 3.40 (s, CH,—0—), 3.54 ~ 3.95
( m,—CH,—CH,—0—), 4.36 ( m,—CO—CH—
NH—) (& 2).

1.3.3  (PEO-5-P(lys-ML) B4 g1 FR100 mg
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Fig. 2 "H-NMR spectrum of PEO-5-P( lys}(D,0)

(0.2 mmol lys) PEO-&-P(lys) #1 88 mg(0.26 mmol )
FRAAE(ML), /i 3 mL T4 DMSO B )5, B
HEBFMA 0.5 ml ZZ 8, P, T 40CRRM
Uh EEL REFLNBRE_KREBTF RS #
HEFREITER 1.2x10") 4 X, BT %, H
Sz BB Y PEO- b-P(lys-ML)62 mg.
"H-NMR(400MHz, D, 0, HDO) % E I, & 3.
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Fig. 3 'H-NMR spectrum of PEO-b-P(lys) (D, 0)

1.4 ARXSEMEHEEXBWEARPDESR
W oK e

HRBBEA R 107° md/L 1 PNA R
W, RIG 4 BIEL 3 oL Bk PNA WEESRIN B — &5
SmLXEP, FHABELE, 2 EXEXEF
FABRBEMA 1.5 oL H AR B FHRRKERK
PEQO-5-P(lys-ML) K ¥, PNA ZE K BB H 3k B
H2.0x10"° mol/L. 1 E 24 b J7 . A HIZ{UM
B PNA #£ PEO-b-P(lys-ML) 7K % % P By 9 % B 5
HKiff . PNA B3 A BN 340 om.
1.5 BER Co AFSHEELBOHEET
A

# 70 mg Con A T F 10.00 mL HEEEL B W EE
MW (pH=6.86)F , Fl48 B R 7 mg/mL 7 Con A
HH L EMETHERE R 0.002 mg/mL(cac KA F).
0.2 mg/mL{cac EA ) A9 PEO-b-P(lys-ML) /K 5 ¥
th PNA WX R SRS E , S PIEBR P A%

AR 7 mg/ml Con A HH, K RS PHHRER
34 6.001 mg/ml 1 0.1 mg/mL, Con A B FEZ N
3.5 mg/mL, B4 BI WM, WA PNA B K EH K
A M.
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2.1 KERUHERIERY(PEO-b-P(lys-ML) )Y &
BE xR

PEO-b-P(lys ML) & RLBE R W R L & 1.
PEQ-b-P(lys-ML) 2 %6 Rl in M B B I ¥ L &% PEO-
NH, fE R TSI &M, 518 L-# E @R B lys
(Z) NCA HH E 4 #13 PEO-5-P(lys-Z) WL NE
£ DMF P37, H b DMF X T A BEKAS FE®
BEHEM(M, <10') £ T M %M . PEO-5-P(lys-
DBRBREPR—FEEREDE BSETRA
B 5 B {8 48 i B 3L K B PEO-5-P(lys-ML) , B
S W H-NMR IR # GPC 47 T RIE.BRE
—# , B4 W PEO-b-P(lys-Z) B 5E £ XM T ¥
RN B EBRPAFE I EESHRARN
FRHARESE XMPRCUBRMN, XA BB
BERILEY PEO-b-P(lys- ML) E— X FRNEIH
HEY.

B3 H-NMR( & 1) %] 81 PEO-5-P(lys-Z) B ¥
EMEBENRAEN 20, EHESEITAHKES
AR SMEAEFEL AR REBE
4a)$, 1651 cm ' F 1543 e ' IR M B L R Y
R E T8 P RER A, 1705 om ™ AL HE
0 B % B & BB M #—NH—CO0O—CH,—

C=0 W% W ¥; i GPC(HE 5) 7] 1, PEO-}-
P(lys-Z) 94 FR AR 1.11, B v PEO-b-P(lys-
Z)M GPC(BHER 2) £ E /MA ¥, X 5 R E PEO-
NH, H%,T L&A 5 + PEO-NH, 8 GPC(#h £
1)7E PEO-b-P(lys-Z) BB /DE M BB A —1
o

PEO-b-P(lys-Z) R fR TP B —— N ERE(Z)
5. EH B EILEY PEO-b-P(lys) HAERE
MEE, FUBEMELRAYH GPC. & 'H-
NMR(E 2) T LLED, FHKHE 5§ =499 1 7.23
BERT DFEREC LMK #FH, M 6§=3.0
(—CH,—NH, ) &b M L F AT, W A iR AR
PEHEAEWMESE. WEEB 4 PRED PEO-b-P
(lys-Z)F0 PEO-b-P(lys) UL S i, WTLAE B B
JEE ML KD 1705 ecm™ ' 4E C=0 BRI M
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Fig. 4 FT-IR spectra of PEQ- 4-P(lys-Z){a) and PEO-5-P(lys) (b)
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Fig. 5 GPC profiles of PEO-NH, (a)and PEO- 4-P(lys-Z) (b}

PEO-5-P(lys) 55 2 51 ¥ V3 W I K 8 19 48 1k B
Y PEO-b-P(lys-ML) . [B) & & o B % B2 19 )
B UEMNEHESYH GPC. 5'H-NMR(H 3)
$,8 =2.9(—CH—NH,) 1 § = 3.1(—CH,—
NHCO—) 3% 7§ 4b Wk B9 B 43 {E W] A1 PEO-5-P (lys-
ML EH 6 NEFHMATT.

2.2 PEO-h-P{lys-ML)EABHPREITHHT
R

2.2.1 PEO-b-P(lys-ML)YHHEEEHGERESE
W (cac) TREHCETENHTHER
EPEKBHERESS. B, E(PRETAK
POREE BB R U AR CEA S
— RN NSRS PNA, CEBRATHRSE
FBF (Pulluan) FUBE 3 & 4 4K B0 B4R 4T 0,
PNA TR ¥EA B A R R 56, TR 4
BHRRAEE, AR EABRKEFSEKLS

BB BERE AR X .
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Fig. 6 Plot of relative fluorescence inr.ensity( I11y) of PNA(2,0x

107% mol/L) as a function of PEO-b-P(lys-ML) concentration{a ,, =
340 nm,r.t. )

EeRZERT PNA IR 2% 58 B B PEO-
b-P(lys-ML) K FE W W FE i B AL b 28, o o, 1, R
fi PNA ES/K PR E . EEKE PEO-b-
P(lys-ML) K ZE 3 3, PNA RO3E S0 FF 5 H sk k
F i JLSE —#E 10 29 PEO- b-P(lys-ML) 2% JF 3% in 3
—EMHJE , PNA (7€ Y638 B R B , e 7 BE BP 4
PEO-5-P(lys-ML) 8 i R B LWL (cac) ME 6
2% B PR % B 48 9 38 & 4k PT 18 PEO-5-P(lys-ML)
9 cac 28 0.05 mg/mL.

EPNAMIFLRE R A TR, KR X
ERBAR A o WEE T AN, FTLLET PNA BB
KERSEEK A . B PEO-5-P(lys- ML) ZE K ok ¥
A9 75 1k i1 28 b 7T 2148 3] PEO-5-P(lys-ML) (B 7) . X
A~ cac {H-5 8 PNA BYHIX % 652 B B PEO- b-P(lys-
ML) ZEK P B ALt R BI M cac H—F.

aso|-

L 1 L A 1 i i
30 25 20 -15 -10 05 00
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Fig. 7 Plot of flucrescence emission wavelength of PNA(2.0x 10°%
mol/L) as a function of PEQ-5-P(lys-ML) concentration{ A, = 340

nm,r.t.})
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BES5EKEHEZFERT 2 F @ 800 EE IR
PHEBERRE I B RGP RKE PEO B
PHEENTRHERLWED TEREEMN BAXR
ELWERNRAY PEO-b-P(lys) RE pH HR R
MBEEHT. A BEEREER" ;T PEO-b-
Pllys-MLYHIZE pHE N 7 9P HAH T W B
ERNOUHEH A FRRETREEXNE S}
TR 4REHEEEARNESRUTSE
PEO BB M ABHRBKEREYAEKPRERBRE
EEAE M BREEMES IRERES
HUY mRSERATER RSN RS
BRAMEEBR IIE, R PEOE .

2.2.2 Con A T B PEO-b-P(lys-ML) FEK W
hRETH J1 5 & 4 ¥ (Concanavalin A, Con
AN—FSFREANICHEAR.E—FHEY
BER. CYMEBBAMEHEE S -HHEEH
AU Con A SRS M MEA KRS, EERA
PEBFEABERE R, LS Con A B/
YERIHE3R . Con ATE pH=5~6.7 & ¥ T4E A
A, HEpH=68~7.5 MIAH M MEAAA, HATE
BT Con ARFHLLG4 M RHBEBBATES.
EAXRITRAN pH K 6.86 HEANBRF ,—
4 Con A 5+ FH WAEBALA . A3l PEO-
b-P(lys-ML) /K % DA Con A BT KR} PEO-
b-P(lys-ML) SR EITHHRER .

FEW N 0.001 mg/mL(f F cac) 5 PEO-b-
P(lys-ML)?j’(ﬁﬁqﬂm/\ Con A,PNA W B K AW
B A e 479 nm B ZE 415 nm (W& 8 2R
2), X8 Con A BN AfE 48 PEO-b-P(lys-ML)7E
BENEETHOREREEREERE, MAXPNRE
T PEO-b-P(lys-ML)A 2 RAE A RE . X—HRMN

L 1 1 1
400 450 500 550 600
A e (nim}

1

Fig. 8 Flnorescence emission spectra of PAN([PAN} =2.0x 107
mol/L} in the 0.001 mg/ml. aqueous solution of PEQ-5-P(lys-ML}
(a), after adding Con A,[Con Al =3.5 mg/mL (b), afier adding
glucose, [ glucose] = 13 mg/mL (¢)

A, =340 nm,r.t.

EE#HETIERBNRETERRCYREAE
ERSTFEEE, R FCon A5 WA ME A KM
HoMRESMNERETGHNEATRERSE
AER RATEFRL N HEHEREHEENG
MBE T THERTE . EMARKEREHES
PNA MK EHEK A o DR IFIE 415 nm 42
BET(LES ML) 2R, WHEEODA
FEEBIRH Con A E{ETE KA PEO-b-P(lys-ML)
BEALk X —HAKTRBEEREESY PEO-b-
P(lys-ML) P& KB PEO B8 Bt KK & X ,PEO # B
ERNEFIEEEQBMAZMET T EKEA
2 P(lys-ML)& B, Fr AR BB I0A R BE IR i
Con A 3T K PEO-b-P(lys-ML) B 4E 4k . B Al
EAFHEPEOMBKENERSYNTRIELE
EHITP.
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SYNTHESIS OF NEW BLOCK COPOLYMER CONTAINING
GLYCOPOLYMER SEGMENT PEO-5-P(lys-ML)
AND THEIR AGGREGATION BEHAVIOR IN WATER

XIONG Xiangyuan, LI Zichen, DU Fusheng, LI Fumian
( Department of Polymer Science & Engineering , College of Chemistry, Peking University , Beifing 100871)

Abstract PEO-5-P(lys-Z) was synthesized by the ring-opening polymerization of lys{Z)-NCA using the primary
amine of PEO(PEO-NH, } as an initiator, which was subsequently deprotected to give PEO- b-P(lys) . PEO- b-P(lys-
ML) was then obtained by a coupling reaction of maltonolactone to the ¢-amino group of the P(lys) segment of PEQ-
5-P(lys) . The aggregation behavior of the PEO- 5-P(lys-ML) was studied in water by fluorescence measurement.
The results indicated that above a critical aggregation concentration (cac) , the block copolymers tended to self-
aggregate into micelle-like molecular assemblies with the glycopolymer segment in the core and the PEQ segment in
the shell. Concanavalin A(Con A) ,a protein which shows strong interaction with glucose moiety, was used to induce
the aggregation of the polymer at a concentration lower than cac . These results imply the possibility to use this type of
block copolymer as a kind of novel drug carrier.

Key words Biodegmdable,-Block copolymer, Glycopolymer, Aggregation behavior



