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1.1 FER 5N

IR W PR TR B A 2-bk T KR -2-4 01, 3, 2-
A2 IR bE (BYP) 2 BESCHR (29 ] r ik & iR F
M2 % (Sn(Oct), ,95% , Sigma ) 25 I [ 75 18 )5 1l
. B R H EE(MePEG, M, ca. 2000, Fluka)
it 5 H ORI BR K B T AR %
B XCH B ( DMPA, 98% , TCI) | 3-%i £k N 2
(MPA ,99% , Acros) ., >f Jb it £ 2 £k (MEA ,98% ,
Acros) 3% F-1-79 %E il fig £ (MPS,90% , Acros)
M a-FAWIKS (a-CD,98% , TCI) B #:4# Jil. — 4
ft (CH, Cl,, 73 7 28, 6 24 48 A1 4k = 0 A FR 2
A ) CaH, 48 J5 8] 3 Wi £ 1 1

K A% g L B8 U 3% { (INOVA-400, Varian)
RIERS W WAL= 2458, LA & 05 (CDCL) 5%
HHEK(D,0) M E . &K B3 AL (Waters
1515) MK 2R 5 W 04 4 5 R0 o0 & 40 A, DL
BN RIE 2 M bR ke, 45 0.05 mol L'
LiBr ff) DMF N i s, 3 % 1.0 mL min ™", i
EIRE A 40 C. 6k B 481 4Y ( Zetasizer Nano
7S, Malvern ) I 5 58 & W) Ko AW 158 T 145 L 114 A A2

zeta HL {37 H] T A5 A ( Bio-Rad 680 ) Il i 40 g 7&
570 nm Kb WO BE A MTT 33E M RSP
AR R JH 35 B HL 4% (TECNAT G*20, FEI)
WEIR GBI RS WA /KW i B AR 7B S
KR A 5 WCEE B W JE S, 41 4 B BE (1S-4700),
Hitachi ) W% G B e B 7K B I 1) A TR 35 X B 2k
it 43 B (XRD) 78 X 5F £k 2 & i R 17 54X
(X’ Pert Pro) L i#47, R Cu Ka FZ78 (A =
0. 154 nm) , F9 4 /1 BTGB g 5° ~30°, $2 ALY Hy
R HL 43 il S 40 mA il 40 kV, BT AT BE S I 4
AT JE 0. SR ARG e I A2 A (RS 6000,
Thermo ) I 2t %8 Ji A9 455 &2 R0 6 i Ak 1sF (0], 5% 1
(PP20H) B 42 % 20 mm, F-47 47 (8] B 0. 1 mm. ¢
FESRZE 1 Hz FUREE 25 °C N 47 0z 7 F9 4 (38
0.01 ~250 Pa) , LA#ff o 2 M Zb 3L X5 SR 5 FE MR 1
Hz Vi 77 10 Pa Flik B 25 °C 544 N #E47 B [E 45
Hi .

1.2 MePEG-b-PBYP F# R L BEMH &

LA Sn(Oct), A AL, MePEG 2 K53 F 5] &
51 RFRBE IR TG 4R BYP #AT PR R G, il %
Wi it Br 2L ) MePEG-b-PBYP , & 1% B% 48 W R &

1 iR, BORLAY & BT 502 - 78 SR AP 00 4 B
I MePEG (200 mg,0. 1 mmol) Fl BYP (70 mg, 4
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Synthesis routes of MePEG-6-PBYP diblock copolymer, and modified polyelectrolytes via thiol-yne reaction

(designated as P, -COOH, P, -SO;Na and P, -NH,, respectively)
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mmol ) ¥ fif 7E TS NA 6 mL Jo/K CH,CL, #3245
i, A Sn(Oct), (20 mg,0.05 mmol) , S 7k
3 RGTE 40 Culis RN 5 he W S5 G 4
R A K Tk WU RE (1071, V/ V) IR A 3 10T
TE 3 WK, B da Hoas TR 24 b, A5 3 0 (005 B 6 26 B8
ARFE S F AR 2 88% .
1.3 #EHEYHMEINGELENRE

3 o 2 e - i Al 2 R TE 58 A BT X
MePEG-b-PBYP itk Bt -t 5 Wy i 47 il A& 1. %
MePEG-b-PBYP(1 mmol e 3t) A% 4 3 mL DMF
A B 5N SRR (4 mmol AR ) A
51 ) DMPA (0.3 mmol) , 5 78 43 10 $4 ¥4 i 56 4
ZJ5 ,fE 365 nm AN KON 2 h. [z N 4
J& B B W AE B BT A% (MW CO 5000 ) ] =K
ZEMRKIENT 12 h, 2898 VR T 1545 31 JC 6 R B AR A
i Qo BT B R, 4300 R O3-% N R
(MPA) 3-% J-1- P4 b £t R 4 ( MPS ) 11 2f b e #h
g £h (MEA) Xt PBYP % B ] 3 v (9 bl 56 1 47 18
Wi, % 3 MEMENRESYHNES N P,-
COOH .P,-SO,Na 1 P,-NH,. H ', F 5 m £ &
BYP [ 4514 HoCEL.
1.4 HpEEni

W 1929 WLF 44l T & A 10% JIG 4 i 1%
(FBS) iy RPMI-1640 £33 8 F 37 CH 5%
CO, (FHXHRE Ny 90% ) 0y 3% 53 46 vh 55 7%, o 91 01
0 1% 5 W 6B AL AE A K T BRI Y 4 i B A T R

L&A 100 pl RPMI-1640 3 35 51 96 FLAR
iR 24 h g o — RSN B B R A YK
IO LR, gk 2 35 5% 48 h. B N A 25 L
MTT %5 (5 mg mL ™'/ PBS i) , 4k&edE 52 4 h
J& A 100 WL DMSO 75 fif 5 €0 W B 45 &, F
P4 ( Bio-Rad 680 ) | & 570 nm N XJ Ji 4 WK 't
FE . A MOAE 5 R T B O - Al A TS R (cell
viability) (%) = [A] /[ A, . x100, H
(Al HTERGWAALE T AW, [A] .
NG IR YR B I AR B WO B RS A
W 3 Y, IOH - 24 1

1.5 fUgEReH &

¥ P,-COOH P, -SO,Na #I P, -NH, 43 5 it i
2 mg mL ™KW BE R 12 h 8 4 i A
BUEARFRAY P -COOH 1 P, -NH, I W IR & -1
24 h 19 B 3 BE I MGel-1; B R FR Y P, -SO, Na
1P -NH, % WR & JF i FF 24 h 19 2 5 % K
MGel-2. & 1 F1 H} T 1ok I Y 2H L.

1.6 o-CDESHKERHH &

ZMCHR [30] 7 %, % 20 mg P, -NH, il 20
mg P_-COOH 5 0.4 mL i 2li /K& G, W J1 hi +F
12 h,3EE A 60 mg a-CD, 4k a4 +E 12 h, 15 7]
JK BE B HGel-1; Bt 20 mg P, -NH, #1 20 mg P, -
SO,Na, 5 iR 7 Al A, Hil 25 /K BEE HGel 2. 3 1
G 2 oK g Y 2

Table 1 Composition and sample numbers of the microgels and hydrogels

Sample No. Ps,-COOH (mg) Ps;-NH, (mg) Py,-SO;Na (mg) Milli-Q water (mL) a-CD (mg)
MGel-1 10 10 — 5+5 —
MGel-2 — 10 10 5+5 —

Sample No. Py-COOH (mg) Pay-NH, (mg) Py -SO.Na (mg)  Milli-Q water (mL)  a-CD (mg)
HGel-1 20 20 — 0.4 60
HGel-2 — 20 20 0.4 60

2 #RE5iTiR

2.1 MePEG-b-PBYP B &k 5 R1E

LI MePEG (472 3 5] & B AR 85 B2 I 5 /& BYP
FHIHERA 2 Wik B R Y MePEG-b-PBYP. i
i3 B LR P 3% ("H-NMR " C-NMR /' P-NMR)
X RE WSS AT RAE. ] 1 (A) & MePEG-b-
PBYP, fi)" H-NMR i €. #1557 i i U3 J@ 40 F -
T 8 = 3.62 (peak e)4bly MePEG % Bt Hp 1) IV H
B[ —CH,CH,— i fb#i#. 7E 6 = 4.30
(peak a) . 6 = 4.16 (peak b) .8 = 2.62 (peak

¢)f1 §=2.10 (peak d)4>31)E K PBYP &5 Bt rp
[ —P(=0)—0CH,—CH,0—], [—P(=0)
—OCH,—CH,—C=C—H], [—P(=0)— OCH,—
CH,—C=C—H] 1 [—P(= 0)— OCH,—CH,—
C=C— H] FHERF =A%, il A (1) 5
LRYrh PBYP FEECHI R G HE (Nyyp)
A, _ 4 X Ny (1)
A,,, 6 XNy,
AP AMA, DS =3.62F6 =41~ 4.4
194k 2% A0 7% 1 06 T AR AR 43 {E 5 Ny K 7”8 MePEG
Hh—CH,CH, O— Ry &5 44 BT £, Bl 45, 3 3 2 X
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¢ ﬁg“oﬁigofﬁgobﬁ Qe

(M, o) :

M"YNMR = 2000 + M,yp xNyyp (2) F ¢ b .
7 2000 & MePEG B4y T, My, BYP [54> . oo } J&HZO ™S
FE LN, PBYP BSR4 B, [ 1 (B) A : 'Qbfofoé

& 1(C) % %}y MePEG-b-PBYP,, 1"’ C-NMR FI
T P-NMRE &, M #6 mT L% 21040 B 5 7 A9 1k
B, AL, 5 BYP BLIR(GT P-NMR % X} 1
Al DL K B, R MePEG 3 R & BYP, JE i1y
PBYP HE B h I 7 fb 2= i B & A 1 W] B A
16, H i — 2P IE S MePEG /] LA X} BYP HL{KFF
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C 7 b

PBYP,, [ GPC i i i ] L MePEG 1 3 H i il
5L W IR A T BB . K 2 1 T K
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[ 41 AR TR 010 4% T ik T 4 T ik A A 1L
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40 35 30 25 20 15 10 5 0 —5 —10 <15

o
Fig. 1 NMR spectra of MePEG-b-PBYPg, diblock copolymer:

(A)'H-NMR, (B) "C-NMR and (C) *'P-NMR ( solvent:

HI TR - ESENE ARl
MePEG-b6-PBYP [ PDI Jly 1. 18 ~1.26, JIF B 1% 2&
FEIR B A R BAT — 5 (1 T 4 N b a
2.2 MEHEELEHNRRBREBRYNEARS g
£33 g
W i i Br 2L B ) MePEG-b-PBYP 4351 5 3 Ff goy
SN T (3-F LTI 350 251 -7 b i £
BRIK BE R SR IR R ) 1R 4, 76 365 nm AP
et 0 - I R R, 52 Sl T e 11 ) i ) , L

TR A& . A H-NMRXT Iy 68 1k 18 1 ) i i BE AL B
PEATFRAE,, A 3 FroR. 5K L(A) XL, oT DO SR
& i j5 1 = ¥ (P,-COOH P, -SO, Na F1 P, -
NH,) 768 = 2. 624 iy fh 2y 7 B U I 2K . X S

15 18 21 24 27 30 33 36
Elution time (min)

Fig. 2
PBYP.,

GPC curves for (a) MePEG and (b) MePEG-b-

Table 2 The compositions, number-average molecular weights and molecular weight distributions of various polymers

Samples” [MJO/[I]OI’ Conv. (%) M, heor. M, g M, cpc ¢ ppI*

MePEG — — 2000 — 8300 1.03
MePEG-b-PBYPy, 56 78 9700 12400 12900 1.23
MePEG-b-PBYPy, 54 88 10400 12000 13900 1.26
MePEG-b-PBYPg, 43 89 8700 11330 9400 1.19
MePEG-b-PBYP, 40 86 8100 8700 11700 1.25
MePEG-b-PBYP,, 36 85 7400 6800 9400 1.18
MePEG-b-PBYP, 30 85 6500 6400 9900 1.20

* The degrees of polymerization are calculated on the basis of "H-NMR analysis in CDCl; as described in Eq. (1) ;I' [M], and [ 1], represent the
initial molar concentrations of monomer BYP and the initiator MePEG, respectively;® Calculated on the basis of 'H-NMR analysis in CDCl, as

described in Eq. (2) ;* Determined by GPC in DMF with 0.05 mol L ="' LiBr, using polystyrene as standard.
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/OV\OHE‘O}\/O‘Z;H 140 T (a) (b) © (d)
. 120 - %
D,0 N %
’ g +f é—f _ 100}
ay | <HOO S +
AL W@ """ oo z 80t
76 5 2 0 z o
£ B
/%ﬁ&%) O 3 sl
D.O J_/s—% 20 -
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c b \‘ d+f 2 _/_ 57 2
C
c k\i\/u‘gi

7 6 5 4 3 2 1 0

Fig. 3 ' H-NMR spectra of functional diblock copolymers

derived from MePEG-b-PBYPy,: (A) P,,-COOH, (B) P, -

SO;Na and (C) Ps;-NH, (solvent: D,0)

T PBYP iy p Bt 55 5 B /N o F R A SO S, Bl
T[—P(=0)—0CH,—CH,—C=C—H], i}
H L BT+ (peak o) AL PR BT 51 & /9. LAk, A
Kl 3 rha] DO ZE 2 & T 5 4 Fh i 5100 AR OC 7
T2 T o A R
2.3 SN

PEG &2 33 35 [H & & A1 25 5 45 L ") (FDA)
AR B — Rl 2 AT G EE P IF AT LAR T 2R ) B8 2 45
B SR KA RL i AT R B BIF 5T 45 R R W] R R R
B () AE B A R A AR W A 2 . TR, AR SR
MTT 3230 5 P i B 3 5 ) Fn 3 b 2y g Ak 18 1 1Y)
BA WX 1929 1l 2F 4t 4 B i) 75 k. W&l 4 fr s,
TCI1E M 5% Br SL B M MePEG-b-PBYP,, , & 2 1) ik 1k
i 5 44 (P, -COOH P, -SO,Na F1 P_-NH, )
X 1929 JNET 4 4 M (% 75 Pk 4 B/, Al 0 A7 S
FRARFELE 90% LA I, Ud B 3% 26 A W 35 LA 34
() A= W AE 2
2.4 BEYHNBAHEETARR

MePEG-b-PBYP J& — it 9 2% M itk Bt L 2R 4,
TEKEW T DL H 438, 2D Re LB 1Y 3 Fl 3
B W) T A 25 Tl pH i R R AT PR TR K
Wb LUk A 3. R3FIHE T EREY
B 2H 255 3 B o 0 R AR Fl zeta B {E, NPT LR

e 2200, ik S (a) fii R, MePEG-b-PBYP,,
108 2t K TP B OB A2 24 65 nm (19 3R IE B o5 285
LN AEM 2 5,15 5] Py,-COOH, L A 41 %6 11
WEHTE S A& 5 (b) Fros. B 5 () FE 5 (d) 43 5
B P,-SO,Na Fl Py, -NH, 7€ #8 4li /K o [ 20 35 T i
PR FIE A . TEM B8 J5 o Ji5 oRORC AR W 8 /N 7 4 i
() DLS Ml 25 . X FEA WA RN, 1l F
BYP i Br 28 iof %50 56 79 W2 A& 1 , S K 1k 18 e K
FH TP 2R K B B S AT RO A DR OB AR 1 R Ik
TEM ) 3202 76 A i T R8T BEAT 19, TR, DA
TEM & 2| () Ri A2 45 4 L DLS 75 iy Ri A2 /).

Table 3 DLS results of various particles in Milli-Q water

Zeta-potential

Samples D,(nm) Size PDI

(mV)

MePEG-b-PBYP, 521 0.209 ~28.7+0.9
P,,-COOH 158 +3 0.084 -49.8 3.0

Py, -NH, 178 £0 0.277 3.7+0.1
Py, -S0,Na 170 +2 0.268 —42.52.1
MGel-1 133 +4 0.234 -11.2+0.3
MGel-2 122 £2 0.277 -9.6£4.0

2.5 WEKNHERERMAR

il A R S F A 1) 2R R SR ST 22 [ R S A
AR A R A TR R . NFE 3 vh T B A
MGel-1 1l MGel-2 ffRLA2 EHE W] LUE H GOBE S 1
KA1 /IN T BB SRS W E T R P B R TRORL AR,
AJRESE R Tl IE R Y P, -NH, 540 UL fi P -
COOH 1§ P, -SO,Na 4 Bt 2 ] 7= A= i v A B A
{534 AH B 51 F FE I, T BORLAR A8 /). [
6(a) Fl 6(b) kW Fh i EE R F 1 TEM 8 5.
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200 nm p

Fig. 5 TEM images of various particles self-assembled from (a) MePEG-b-PBYPy; ,

The concentrations of polymers in Milli-Q water were 2 mg mL ~".

Fig. 6 TEM images of (a) MGel-1 and (b) MGel-2

K HI SEM X fif B 15 1) 8O0 JE S0 A4 i3 — 28 1Y
ST, NI 7 (a) AT LAWLEZ R P, -NH, 5 P,,-COOH
W AE R A TE BUOEE IS MGel-1, 22 3RTE Fi
TR B 7(b) R Py,-NH, 5 Py,-S0, Na JE i i) 134
BEE MGel-2.

2.6 a-CDFESHKBERIEESRE

3 o 5 P AR LA A GOBE I, 1) AR &R P
A a-CD J5,a-CD 5 MePEG 4% Bt & A4 145 % &
YERT, 35 AR 22 1 ) BE A BE o, F i s AH BLAE T S
LA M FEIERT 558 iU 4 K BERE.
K 8(a)ky SEM WLEEH| [ P,,-NH, 5 P,,-COOH 7£
a-CD 155 N FrIE B /K BE I HGel-1 2298 VR T J:
Aab 3 1 2R THE AR ML efn] DLW SR B, 7K B
Ll R VR T8 5 T 1 22 FL 25 K0 SR FH TR AR O 3
#% P, -NH, 5 P,-SO,Na J& i A 7K % ik HGel-2, 0
8(b) Bz, [a)#F AT LA WL ZE ] FLAR 25 44 .

200 nm

Fig. 7 SEM images of (a) MGel-1 and (b) MGel-2

Fig. 8 SEM images of (a) HGel-1 and (b) HGel-2 after

lypholyzation

T — LB T o-CD 5 MePEG &
T AVER A XRD Jy 4 B4 R+
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P Ab Y K BE I FE B a-CD/MePEG 2% 5 1) | a-
CD il MePEG ZEA7I3X. 40/ 9 Bz, (a) F1(b) 10°E
S a-CD 5 MePEG [y X 528 A7 i I, (o) =
% «-CD/MePEG % 4 91fy X stkfiatigi. st 'O R
hAE20 = 19.9° 22. 6 AAT M RTAIER S o) " G'HGek1
a-CD 5 MePEG (¥ £ 25 2% & W) 1) Re AE AT 569 0. AR S el 4 G'HGel-2
JESCHR AR, a-CD 15 PEG 7 1 10 £, 25 1) 2k 45 4R : & G HGe2
gk B 9 (d) M9 (e) 43 B HGel-1 Al 10' ¢
HGel-2 £ 5 19 X BFEAT S 18, 7 20 = 10° - -
19. 6% 22. 4° 40 L 2 A~ {5 3 e, 3K 45 o-CD Al 10’ 1Soh]earstress (Pa) w
MePEG FTJE AL 45 4 1437 5 4 A3 A ARLRL, 106 BH 7K
RGO KDL 50 Dt e e e (0)
U X D I K TS B, 4 L AR £ 4087 < 24 A e
J52 v £ 4 R R SR B 2 ) 2 A i LR LA R SR FH 78 A0 7K 58 e 1) 286 3 AT A T
BCHEE S FE N A o-CD J5 , °] 5 MePEG 4% Bt j” 10 & HGel-1 fil HGel-2 B9¥R %5 I S 4t 2. th
A AER I TIRR YRR E BT R fE F1 1 ~ 250 Pa 3 LY, 2 FhE RS Y
T BB 43 F /K BERE , 40 R BT 2 FTs. BRI (G R TR B (G7) |, B g 485 it
RFFEVER & Ry BUA Y B AS . i — A iE i
a I\ ,A A oo AR AU 8 Y B Bl 1 24 HEA T 0 5. U R, 8
20 mg P,,-COOH .20 mg P,,-NH, 5 0.4 mL #E4li/k
b “ J\_. R A 345) 0 B i R 3% AR 3% 2 min, [0 35 W
JIHA 60 mg «-CD, P Yl o JiE % 4k % AR % 2
nt M_AJLJLM min, S8 5 RE 288 0 A (L1 R 3 o AT B
W . B 1L 25 T 2 oK o B A AR B I A 3l
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Preparation and Characterization of Microgels and Hydrogels

Based on Functional Polyphosphoester Diblock Copolymers

Yan Xiao, Jin-lin He, Yun-feng Tao, Ming-zu Zhang, Jian Hu, Pei-hong Ni"®
( College of Chemistry, Chemical Engineering and Materials Science, Jiangsu Key Laboratory of Advanced

Functional Polymer Design and Application , Soochow University, Suzhou 215123)

Abstract A series of diblock copolymers MePEG-b-PBYP were firstly synthesized by the ring-opening
polymerization of 2-( but-3-yn-1-yloxy )-2-oxo-1, 3, 2-dioxaphospholane ( BYP ) using polyethylene glycol
monomethyl ether (MePEG) as the macroinitiator and Sn( Oct), as catalyst. Subsequently, the alkyne groups
on PBYP blocks were modified with three mercaptans by thiol-yne click reaction to yield polyphosphoester-
based diblock copolymer with various pendant functional groups (—NH,,—COOH and —SO, Na). The
molecular structures, molecular weights, and molecular weight distributions of the block copolymers were
characterized by NMR and GPC analyses. MTT assay indicated that these block copolymers show relatively low
cytotoxicity against 1929 fibroblast cells. The microgels were prepared through electrostatic interaction between
these oppositely-charged polyelectrolytes. The particle size ,zeta potential and morphologies of the particles were
also analyzed by DLS and TEM techniques. In order to enhance the physical crosslinking , a-cyclodextrin ( a-
CD) was added into the system to interact with PEG chain via inclusion complexation, resulting in the
formation of stronger crosslinked hydrogels. SEM was utilized to observe the surface morphologies of microgels
and hydrogels, XRD was used to analyze the inclusion complexation and rheology test was employed to monitor
the gelation kinetics of the hydrogels. These biodegradable hydrogels with good biocompatibility and favorable
mechanical properties provide a promising injectable material and have potential applications in the fields of
controlled drug delivery and tissue engineering.
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