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WE A= PSS = RS AR AR LR & (PDCP) , i@ 1T PDCP # R F b /s
RN, AR THMKEEES FRI(FEECAIE AR, (AN LER ), ] BN (P3), H
*'P NMR, "H NMR, “C NMR I IR X} A5 BEAT 7 HE, J DSC I 1 HEBES (e A2 il B T, 06 il il g
T, FZERRB 3B (VPO) E T HAS A Bt TR (L AWM ) B (P2) A BT . 1A
SRR, P3 AT P2 2K pH MR PERERRA TN, FEMREERAE pH =5. 0 BE AR, TifE pH =7. 4 Fl
8.0 W48, P3 ZEFTINIKAY 3 4> pH S WA T L P2 FEf#I2. FH 7'P NMR | 2 (0535 (TLC) i & v v R
EFEYIEAT TR, WIALAEWT T P3 FERIR] pH /S A BALER, HAE pH =5. 0 BYZE b TP B R, BR
MEEWTZAN | TR () 247, TITE pH =7. 4 F18. 0 B AOREFRAN N BE RO TZE.  FHMEMS W (MTT) L faik
HEAT A RSN B B PEREAN S2UR 30, P3 R JGHE pH = 5. 0 B9Z5 WA DI 49 d S P X 4 2 9l 7
ARAF A A AR A, T EL LA = e W R 800 g/ miL IR 28 3L HE — 5 A2 2 240 J B 547 .

FER B, LRI BRI A LRI pH R  AKRLEE RSN ER T
FESES 0631 ZERERIRAD A MEHE 0251-0790(2009)06-1245-08

B CIHEMEIE BE R (PVP) & — M EREIL S KV = 0 1, BAT RIFAEYARAEE, Tz T
BE2h | Auiledh . BA PORE, T MPRIAEIE 2GR SRR, PVP RARE VIR I Y, 1E 2
BRI SR P R ES R EIVEM ; i B PVP e AR B RN BE ALY, 38 (4 S8 6 I AN e P
i, AE— e BERE LR T R G . T A e i SR — R 4 ey U LA S LB S R
SRR R — bl LA K i SR A B R Y o 20 A W, WAt 7 0y O o7 R B R 8
ZUNURH R R s R A ) B PR REHR RT L3 o MU B A B AT 2, A U R 2 80T A=
W e SR I A A AR R 2 AR BN IS K ot R 5 ) SR BRI (U B, T ARAS pHL R R T A
WIRE AR AR M A1 BT SN e ) SR R ZE R M 2 R LU AE T PE AN 25 4 T e fie
FREPR 3K — i ol A 5 PR A 08 R0 245 0 A 1) B 7 T B A A B P (EL, il n, mT LTI
2 pH Wil B PE SR BN B — TSN (IE R pH (E24 7. 4) "PRRGE, MIFERL R (pH (HZ)0 5.5)
T LARRAR (04 25 W45 T R R e, F9 B 2y 1 SRR DI 241 st G DR A B R GE AT IR ). A,
F T e R 4 pHL A L 11 I 5 UK, R pHL o 7 M 8 A 2 247 v 0 [ R A B B 0. Rt , L
A ARSI S o T 0 ) SR BN e — 2R (E AR TR AT S AR o R ).
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W, IS T RO . X G R B B PERE | R RE R AR P AT T ESE, xR SRR
TEAIG] pH A BT A K S RLERIEA T 1 4RI, SR WM S (MTT) B (LR IFA 138 SR IR B LRt = Y
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1 SEIGE Y

1.1 RKF5%EE

NAZRENE (HCCP, 4iE=98% , [H)™) , £:411hE (60 ~90 °C) HAE A 2 K, WURTHE2 K, 13
FIH AR, mop. 110 ~113 °C; NaH(Sigma) ; AL AL BE(Aldrich) , fHFRTEZE; POk
(THF) . HEE(A. R. 90) . S FR (AL R 90) B B, (8 FH AT /R BRK b 515 JEoKk =S Ak
(A.R., B BAAGUH RS BUR AR, BT 5 B R AF s v- T INER . SR | 18-7E-6 . TR | Bl
), BEFA . BERREN . T e ERMREA(SDS) | S T R M AR A, 3-(4,5- I EmEME ) 2,5-—
IRFE VUYL ER (WERMEHE | MTT, Sigma) ; A0V HEPG2 H B W IS 2% B = F 48 R SR 24 ) o o5 5
R HEE ;. RPMI 1640 BEFRHE( Gibeo) 5 10% /N LT (UM UZRTH Ay TRRBERAT IR 7).

Bruker DRX-500 #% % 3£ 4 1% ( Bruker, ®i ), *'P NMR % L) 85% H,PO, } 4k ¥5, 'H NMR A
“C NMRLEL TMS SHAFR, D,0 R ; PE-1640 B HM-2TAMEEA(EE) , KBr i fr; DSC 200PC #4
SIMHA (FEFE Netzsch 24F]) ; FHEHER 10 °C/min, FHEVEEA - 100 ~200 °C, KGR HR R A E 6
K-7000 AIZE 5 EB EI( VPO, f8[E Knauer A7), N ZBERERE MARFE, FECAER; MN1£0.5~0.6
mm (55 [RRFETE (™) 3 52, 23 Bl [ € 2 AR pH Ze b i A9 35 B2 5 AR ( Bio-rad) , 13 <
570 F1630 nm.

JITAS 5 A B s R B AR sl 2 A
1.2 BZ(ZSEWIERER) B (P2) AR

B CEE TS eI ) R 15 B 26 L Scheme 1.

Cl\ /Cl

(|‘I (|)R
e AlCI RONa or/ and R'ONa .
a N o e —tN=P- . —N=p1
‘ Cl OR’

Pl P2, P3

P2: R=R'=—CH.CH. -N;j; P3: R=—(CH.CH.).CHs, R'=—CH.CH. ?
0

Scheme 1 Synthetic route of polymers P1—P3

ZHRSCHR( 8 ] I 5 ISR — Bk (PDCP, P1) , JF¥E T THF ZEE & M. S HICHR[9,10]75
KA N-F2 L BE-2-ME e, 22 22808 5, e 0 TERORAE. B 100 mL 55 6. 15 g(47. 67
mmol ) N-3 £ 552 - M M BE B 1) — S /S IR IS 18 % N2 100 mL 5 1. 14 g(47. 67 mmol ) NaH Y — 450N
R, W RS A A A ER A . K R N3] 100 mL 7 1. 00 g(8. 62 mmol ) P1 Y THF %K
RN B 2 S e B ER 5 18-5E-6 MYEEJR Lok 1:0. 05 IMAMFE RS AL 18-7-6. RN
24 h J5, *'P NMR 3 R N SE . P4 fa , FATMEBEDTEE , UIE A s i, T s 2 0T
3, MENREARIAREGY(P2)1.80 g, 774 69.2%.
1.3 B(FEHZEEZEE), , (ZEEMKER), , 1B (P3) W&

IR O R EE W | 5 O FEMEE e B AT NaH 207 145 200 mL 25 2. 69 g(17.7 mmol ) F 48 %
LRI TR THF JILL 2 200 mL 5 2. 86 g(19. 0 mmol ) ¥2 £ BEME IS BE R #HEL 1Y — S8R, 1%
— B MR 1 3R ENER 2 B N3] 200 mL 7 2.00 g(17.2 mmol ) P1 4 THF %W . AN Jy . B4
Fe L E L LTSN THE W, TS 40 £ 1) — 4807 S PR T R A AR ) 1 19 18 -9i8-6, FLARin— 24l Ek
JE B E IR BETE 48 h, 2P NMR 3 I0 5E i P I, AR DTUE , DOTE P B A, A
fik S S UUE 3 IR, 1R ARKRSY(P3)1.78 g, 2% 70.6%.
1.4 fR5MNERERIS

F T 75 2 B F = 2P NMR 3, WO B TR SR vh A TRAE R RE MR A . pH =5. 0 B R SR/
PR ENZE PP (0. 1 mol/L) , pH =7. 4 8.0 544 T AL MRS s (0. 1 mol/L). #£0.2 ¢
AR AE 25 mL ANE pH B, S0 24 b, JEHARIEY), HS ERAHEE I AR
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PR AW MR RO IRIR 28, T 37 °C, JR9%, $%— it ia) fa) b M AP B 3820 v, il
SEFRIE , WEREH AL, ARPEFRIERE R B8k, IR A YR T . T AARGTH R R AW E S
AL

Intrinsic viscosity loss(% ) = {([n], - [n],)/[n],} x100%
Kb, (], WREAE—E IS 8) (o) JEIREEE, [ ], WREMFRTA R REEE , N RE YRR
1.5 REVIEBEYHH

WAEARTR] pH 22 iR rhARIE 49 d J5 M REIR P P 4, ERERE MR ™ Y R AR °' P NMR #1 1.0
mol/L ZrOCL, BRI, MVBE A A 7= 40 FH 2 638 ( TLC ) 434, ¥R & Mg Jg R AN T S8 L 2 S8 3k 2
BEAEXT G, UL R f =, X HeAR B0 RAEL, JRIFFI0 R V(TR ZHE): V(ISER) =1:1/16: 1.
1.6 REY P3 KB~ EIMRES X

ZISCHR[(12 157, & P3 FHJCHAE B K B - 8 meg/mL (BB UEORAF , TG I 4 BEER
I3 VR P3 7E pH =5. 0 (G thiE W P IR 49 d JG B2 8) (M FE N 8 mg/mL) #i BN 800, 160,
32, 6.4 F11.3 pg/mL BIFESL. pH =5.0 AYBSIR/ B IR BN 2% vl ¥ (0. 1 mol/L) FHJC TR A= L ER /K #i B
1/10, 1/50, 1/250, 1/1250 F11/6250 1.

RIS . PO K HEPG2 40, F RPMI 1640 35573 M3 25 B0 4 x 10* cell/mL 2 il
B, R T 96 FLEEFEMR (90 pL/fL) , FRAHMIE RGN 10 wL AR BEAURE S, A 37 °C, 5%
CO, ¥R IR 48 h J, JIMAS mg/mL [ MTT W (10 wL/fL) . 44245354 h J5, BFLIIA 100 pL
IR [ 109% SDS-5% 5 T H#-0. 012 mol/L HC1]. XFHEZH. 40 IR)G, P3 Ml pH =5. 0 AIRSTR/ R &
2% WS TR BT BECA I 10 L JERR A= 3R 7K 5 BAa ™ P i BT BRI 10 WL 4 b3 Lo 5107
B pH =5. 0 Z2 by i, B4l At BRI B 05, 0 ) AR ASCZE U 4 570 1630 nm T i 22 4%
FLIYEEEE (OD) fH. T 2B A R

PEAFIE R = (IEEFLEY OD {EL/ FAPEXTHRFLAY OD ) x 100%

2 ZR5itE

2.1 REVYMER

I AICL LSS = RIS (HCCP) FFIR A A i 3 —&BElE (PDCP, P1) R THF i i A 1
BRI, HO'P NMR 1%, fE4b2#00 8 —17. 18 Ab 3 — S Baig 530k 13 ) B —2, £
HCCPE. 2 5¢ Ak R PDCP, F=H I A SCMARI/INGS F = J A (8 20. 3 b JEI ) .

TER . ( LEIEMENE Bl ) BERG (P2) (A I, 38 2 3K ML S i i B R 7E THF i bEas 2%, A
FE AR Y. SCHR[ 4 1 HRAE 0 2K AR R VA AE G 1 1) —EOSINA T, e ke, HF HR 2
PR SRR EE R 50 °C . A SOl FHAHEE B AEAL ) 18-7-6, LLH HLF i i S BRI A 34 2 BN g 6
A EAER , 7E 8RN ROV SE AT LAAS 2 B AR, B TR A Fl e, BRI T SO i B

FER[ (WRE AR AR, ( CEIEMELER ) | TR (P3) A R, ASCRA T E5I AR
FIO RO BRI, FgIA A SEMESBEFRN 3L (1) k. XTI 2 O3k, mraE il T i i R
H, HAZRECAR AR ILEAEGBUR PL EERET, M ma T BRE, R FHIIMA ZAEM
WELEER Ry, AR E I E I N 2 DNEE T 0. 55 15, ZEIEMMSBERT 2 NRIE T 145, 18
BURSERLHS , XEP=#dEA 79> P NMR I 1(B) 1 4 Hras SRR, B P1 7ol G R FE LSBT S
B,

2.2 REVMRIE

REY P2 IR E[E 1(A) ], 2958.4 cm ™' I Fl C—H BENIE, 1654. 2 em ™' iy L7 [y F e
C = O HEMIRIE, 1064. 6 cm ' P—O—C SEAEFIERRCIE , 1290. 6 cm ' P — N S i 45 PR o Ik
Vg P2 (P NMR[EI 1(B) ], "H NMR[ B 1(C) JF1"”C NMR & [ B 1(D) ] 53CHk[ 4] 38 5 —
. i VPO HEAE P2 BT M, 5614, DL EArHr R P2 B SR T ( AR FEME G Le i ) .

P3 ) *'P NMR %[ & 1(B) 11, 6, —6.70 AWkl 55 — (AR 2B FL O A 5L ) G (MEEP, 6,

3
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Fig.1 FTIR(A), *'P NNFR( B), "HNMR(C), *C NMR spectra(D) and DSC curves(E) of palymers P2 and P3
-7.06) " HI P3 (8, —7.01) LA A AT, R A e 4G A0 R B SR A 4E T T AT (& 2) 7=
B g, i H MEEP A1 P3 rh B Ak 2= BB AR BT, 80T P3 1% °' P NMR 3% HoRH T fb 2= 6 A TR
W B S 8, — 12. 51 I A AR A AR L A9 BE T (T 7= A= AR M4, FTLL, Scheme 1 H7
P3 (&5 R faifk, P3 4 FAEAER 2 Firs iy 3 Pl P3 A9 P NMR i+, WA KT 5, - 13.00 (1)
Wk, FBH P1 LSRR FE L aTEBUR. 5 P2 IR GE[ B 1(A) [, P3 7F 2926.4 cm ™' A1
Ml C—H #EF1 1241. 3, 1107. 8 em ' i) C—O—C MG I W358, X TE5IA T HA CH,0 g
% C—O0—C § 1y H 40 B 2 480k & S8 B B BT 38 1666. 8 em ™' Wi C = O B W%, 965. 6 FiI
1056. 5 cm ™" A P—O—C FUAFAEM IR ; P3 B9 H NMR %[ E 1(C) 1, BEHI TH AR A E I
AT W, BT 2R SR e R A5 T R TR, 2 MBS LA - OCH, 77 A IR
W AL A RS (AR T T S S S0 0 6, 3. 41 AR Z A ILZ A IEF Y OCH, i 177 A2 1 W i
U, 8, 2. 09K IR Y CH, B A MR g, it By T AR A3 2 A4 B 48U 2 S0k 2 S
AR LIS S R LA, R (2. 849/3): (1.899/2) ~1.0: 1.0, Sl k45l hn A A it 70 e Wit i L
Bl —3. 7€ ©C NMR & 3 10 MJETFES, HIFEWLE 1(D). h VPO IS P3 i34+
i M, H5705. UL BRI, P3 B U R [ (PR R ORI ) | (SR EEMEIE LR ) |, ]
T .

K 1(E) 19 DSC ML SRR, P2 WBEES AL ARIRZ (T,) 4 —64.1 °C, 11 P3 WA 2 4> T, 200 K
-73. 7R -31.8 °C, Hi—A> T XN T MEEP (¥ 7,1 Tiif5—A> T P2 (49 T, Stewart 551" i3
X LA ANTR] L 5] P 780 4 W 24— P T R P AU 2 AU 2 AR M B R 5 BB RR B T e 6], A
2 AR A BUR R BERG , o LUEAE =Ry, — S TR BES v] LU 1 ff R 2
g, HiGut, P3 Y DSC M4 s W T JE AT AR 2 P3 IASH S T B R Yy, H T 2 A ki
W e AN AR Bk S R Z IR i M2 5, (8 P3 AT RO A BB S, P2 I P3 1Y T 397E 0 C L)
T, BFONRBENG ST BRI A TR AR, R R, A FRERTLARIZE N, P a4 EAT P e
B, P2 R P3 MRy K A A 2 S M S o i T H ARk 2 SR 2 SR, filE P2 R P3 Y T MR
P3 ()G —A> T, 1 P2 By, J2 R P2 MRy 2 AN KRR Y £ SR Bre i, e 8 43— % v 114 B 25 34
K, AREAERITN, MR NIl P2 1 T 5% Ti7E P3 5y b, I FHAR AR A
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FWGIA, R TN T LA L E A A 2 A SRR S R EE T I (181 2) , MERY
XEFRUEBBIR , /N 1o FRER RN, BT IS, [ 1(E) iR P2 F P3 S98CAH BTl s 5, A
— BRI, B ST IRIE, W RIOREE T, (R4 ) M 435108 135.3 F1124.9 <C.

(o

|
?(CH:CH:O):CHI\ (l)CH:CH: ?(CH:CH:O):CH‘

O(CH:CH:0).CHa OCH:(IIH: OCH;CH:

I
I 11 [l
Fig.2 Chain segments in the polymer P3

N3 FR A 2 Bk 2SR | SR SR NI ot T 0 S 7K Mt S 80T i 4 F P2 A P34 T LA A AE A
PEERS KA, ok . I, BRI DMSO 45, Wife £k | THE | PR Z R 2155 o s A B2 /8.

BB RAY) P2 1 P3 0 FeEAK, HX 80 Fo R BN, 700 e Fn 1 il ]
A= W R Ay T P RETE LA P
2.3 REVHIBEMEIERE

K3 ARAEWY) P2 Ml P3 7837 C, AW pH A ENE AN E 7%, h T e o Fis il st
FESHAFREAUEL, FrLIE 4 BT REYFEARR pH ZiERch o FaB b . aTRUE
B BRI A IE R, SRE Y P2 A1 P3 FRRIE B AR NI, 1 14 d BRI, B 26 R R AR R
%%, P2 FI P3 7E pH =5. 0 G2 thi i v i) R A s B B LU HOAE pH = 7.4 R 8. 0 B A R Al 2 1, 441
. KEf# 14 d B, 76 pH =5. 0 el , HRREE 73 HIREAK T 86. 5% A1 72. 7% , TiAE pH =7. 4 I, P2
HIP3 GBS BIBEAR T 48.3% F137.0% . X —[EfAREH S R ( QA FEMIE BEl ) BES (PYRP) 7€
55 CHITRIR (pH =3.0) . SR pH =9. 3) FIrh ¥ (pH = 7. 4) A T b (1 A a3 — 3 | {3 P2 1 P3,
FRAJE P3, 16 pH =7. 4 F1 8.0 B REfR R 22 AN K. PR 3 4 pH {HAVZE vhiE T, P3 Al P2
HHEG, BRI BT R, AR NS AT AN G K i i W A8 28 3 S BN BE , (8 P3 R Ak R

100 [~(a) .. 100 [(B) a
80 F 80t —
= =
E 60 | b E 60 F b
= / — T T & / P
=] / ° 5 u c
e 40 F 2 40 F :7..-f_-"7.
2 / 2 Vayd
> = s
20 F 20
1 1 1 1 1 1 1 1 1 1
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td td

Fig.3 Viscocity loss of polymers P3(A) and P4(B) during degradation in pH =5.0(a), 7.4(b)
and 8. 0(c¢) media at 37 °C

2.4 BREYHIKEREBIIERT

T HET P2 L P3 (WREFEMLER, XS PIFR R A WAEANE pH 28 MA i IREE 49 d I K g = i T
T P NMR ZMHT(F1). 455K, P2 F1P3 76 pH =5. 0 I, FEME=YITES, . —15.00 ~5. 00 (41X 35k A
ML A, Hodr, 8, 3. 17(P2) Fl - 3. 43(P3) i Ak A5 i P—OH MRtig !, 6, -7.91 il
—7.36 AR 53BN R FAK A 5% B A s I ANGETT T & I (E2). 8,: —0.03 1 —0.06 BT (AW i id
N7 A Rt S WA R AR P2 A B LR A 5 (AR SCHT s I A P NMR 4 1LA 85% H, PO, FIL2A0i R0 0) , BiHH P2
F1P3 7E pH =5. 0 28 0P K A e, ANAUINN B 56 A 5 2, 6 Mk ek v R /K fige I 1 508 G B e, i L 2R B
i 1 AU At L 2 2.
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Table 1 Identification of the hydrolytic products of polymers P2 and P3 after incubation for 49 d at 37 °C

P2 P3
pH=5.0 pH=7.4 pH=8.0 pH=5.0 pH=7.4 pH=8.0
1P NMR, 6 2.14, -0.03, 1.91, -0.07, -3.68, -5.03, 3.55,2.24, 1.56, -3.46, 1.83, -3.87,

-1.60, -3.17, -3.16, -4.12, -6.89 1.03, -0.06, -4.15, -6.30 -6.86
-5.30, -7.91, -6.51 -3.43, -7.36
-12.20

POz ¢ + + - + - -

PyrOH? + + + + + +

Mee” - - - - - -
a. Phosphates were detected with the use of zirconyl chloride(ZrOCl, ). + : Formation of a white precipitate of zirconyl phosphate; —: no

precipitate. b, ¢. 1-(2-hydroxyethyl) 2-pyrrolidone and ethyl 4-hydroxybenzoate were detected by Co-thin layer chromatography (TLC) with au-

thentic samples, + : spot with identical R; value to the authentic sample; — : no spot.

AN, P2 FI P3 7E pH =5. 0 500 PR =R P NMR 15 W e 00 HH — F 7E i iR 5 5%, 7
P3 [J*'P NMR 1, 8, —7.36 &bl 855 1 A1 11 7= A 9 AR5 7 5o, I #E P2 (9°' P NMR &+, N2
Sp: —0.03 T HBERRAR A L IRA5 5 5 i , U0P] P2 SRIBEIG AR 2L R R 1L P3 B R, i —
AAUEM pH =5. 0 B P2 [ P3 [tk pe.

P2 FlI P3 7E pH =8. 0 28 M i rP It =0 0% P NMR 3%, BROP9I7E 6, —6.89 Fl —6. 86 &b H
BT IUMEETT T K I = A 3R 5 S 40mah, HAE 5, 3. 68 Fll —3. 87 (/Kfi# 5 i P—OH Wi ) DL K%
-5.03 SEA BT JUAS /N IR | T E S, BRI JEIRRIG: , A BH P2 T P3 IR A BRI 1 K
%A W S SR I R B 2R 2. sk — A P2 T P3 A pH =8. 0 ZZ P il Hh /K il 2212

P2 7 pH =7. 4 Bf 5 HAE pH =8. 0 BFREM = H1H0° P NMR 5458 M AL, {H7E 8, —0.07 BT H 8L
T e BERRAR = A SR (5 5. P3 78 pH =7. 4 B 5 HAE pH =8. 0 BFREM =P P NMR 3% )L-T-AHIH, 78
8, 0 b TR, Ui SR A P2 R P3 AE RS T REAR, B RMITEAI KR, HIETE P2 AR
AR, TR R R B RN 2P UE R T SRR P2 L P3RS T

16 P2 Fl P3 FAN[E pH b P IR$E 49 d J5 7K =99, A 1.0 mol/L ZrOCL, ¥, 5%
FHE AR DR AR AR, 25 (32 1) R, A ZrOCL, W5, P2 Al P3 £ pH =5. 0 R b
KRR = L e P2 7E pH =7. 4 & i h i B =00 7= A LA TTUE , U BH X SRR O 5 R R B AE |
BEEARAWT S AR W TCUTRE A AL, BB P2 F P3 7E pH =8. 0 B AR f# A1 P3 7£ pH =7. 4
G WS BRI ARV K B EREWTZE, 5 IR P NMR 35715 1 2518 — 3L

REY P3TE pH =5.0, 7.4 F1 8.0 L2 M ) 0y™ P NMR 3 o, O S AN ] o 2 P 8 5 10
B ICIE (S, ¢ 12.51) B35 5 i TLC K2 P2 A1 P3 76 L3k 3 4> pH R by T /K it r=4 i 46 #2
CIEMEME B AAAE (e 1), FE—25E B T Fa A Sk I e K .

Andrianov 55" AR R (LR IEME BEER ) RS (PYRP) MIREAR =, HAT 6 L FEMLIg e, i
WA HIFER=Y), 41 PYRP R BE AR ARHLIE A 06 Je K Wi 2, B 12 £ S ML o i, A i 2 3
RN, BRI AR, ZAEEHE, SR FESK RN A BRI, (FRTHE A BRI X PYRP
AL SR, 7EEIERE b, FRATEIRA Y P3 1% pH M MR AL ES T T 4D (&1 4) .

TG, FOFEMMK I EE KRR, T3, SRS EHE 76 pH =5.0 B, EH

QR pH=5.0, pH=7.4, pl=8.0 (|)R CI)
e P= N 0 s P=N—r + C:H,
| < I |
(0] OH N
T 0O
G:H o
Q pH=5.0 (I) II—I pH=7.4, pH=8.0 (P [I'
Phosphates, «~——— ~—P—QH + ~—NH: P e P=N—rrn AP e P=N—rnn
ammonium I | i
OR OR OR

R=CH-CH-OCH-CH-0CH;
Fig.4 Hydrolytic mechanism of polymer P3 in pH =5.0, 7.4 and 8.0 media
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e R A R, 1530 R SRR | BERRAR A IMAE pH =7.4 A1 8.0 L b b, K
il SN AU BR AR FEHE I — 2, A & ERE W2, Ik, R =4 h R 5 IS e, vk
A BEFRAR.
2.5 P3 REMEBFHHEIMNMEBREYE

JH MTT B3P P3 K I3 it 7 0 1 A A1 40 e 5 P 00 45 SR DL IET 5 (A ), 7 Jom il 3t 1 ¥k B2 3
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Fig.5 Cell viability as a function of polymer(a) , hydrolysis(») products( A) or acetate buffer
of pH =5(B) concentration
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Synthesis, Characterization, in Vitro Degradation and
Cytotoxicity of Poly { [ 2-(2-oxy-1-pyrrolidiny) ethoxy |, ,
( methoxyethoxyethoxy ), ,| phosphazene |

YIN Yue-Fan'?, LI Yan-Mei', ZI Yan-Nan', Zhou Yi-Ping’, BI Yun-Mei'"
(1. College of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming 650092, China;
2. Yunnan Pharmacological Laboratories of Natural Products, Kunming Medical College, Kunming 650031, China)

Abstract Polydichlophosphazene (PDCP) was prepared by the ring-opening polymerization of hexachlorocy-
clotriphosphazene in the presence of 2%AICl,. A new mixed substituent poly ( organophosphazene ) bearing
2-(2-oxy-1-pyrrolidiny ) ethoxy and methoxyethoxyethoxy side groups was synthesized via the macromolecular
substitution reactions of poly( dichlorophosphazene) with the sodium salt of 1-(2-hydroxyethyl ) -2-pyrrolidone
and sodium methoxyethoxyethoxide. Its structure was verified by > P NMR, 'H NMR, " C NMR, IR and
DSC. TIts molecular weight was determined by vapor pressure osmometry( VPO). 18-Crown-6 was used in the
synthesis of poly[ di(2-oxy-1-pyrrolidiny ) ethoxyphophazene ] (PYRP) as phase transfer catalysis in order to
improve its synthetic method. The new polymer and PYRP were water-soluble and their in vitro degradation be-
havior was studied at varied pH conditions. The results indicate that the degradation of poly ( organophosp-
hazenes) with (2-oxy-1-pyrrolidiny ) ethoxy side groups is dependent on pH of the buffer solution. The rate of
hydrolysis was more rapid at pH =5.0 than at pH =7.4 and pH =8.0. It was shown that addition of me-
thoxyethoxyethoxy side group to PYRP structure resulted in a decrease in the rate of hydrolysis. The hydrolysis
products of the poly ( organophosphazenes) were analyzed by ' P NMR , thin layer chromatography(TLC) and
titration methods. A hydrolysis pathway of the new polymer in buffer solutions with pH =5.0, 7.4 and 8.0
was proposed. The degradation of the polymers at pH =5. 0 involved a hydrolytic cleavage of (2-oxy-1-pyrro-
lidiny ) ethoxy from the chain followed by the degradation of the phosphorus-nitrogen backbone to form phos-
phate and ammonium. However, the degradation of the polymers at pH =7. 4 and pH =8. 0 was only cleavage
of the side group. The MTT test for the new polymer and its hydrolysis products at pH =5. 0 in HepG2 cell re-
vealed that an increase in polymer concentration from 1. 3 to 800 pg/mL was not harmful for the cell survival.
The hydrolysis products of the new polymer at 800 wg/ml. were able to promote cell proliferation.

Keywords Polyphosphazene ; 2-(2-Oxy-1-pyrrolidiny ) ethoxy; Methoxyethoxyethoxy; pH-sensitive hydrolytic
degradation property; Hydrolysis pathway; In vitro cytotoxicity
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