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Scheme 1 Glucose-sensitive supramolecular hydrogel from PAAPBA-b6-PEO-b-PAAPBA
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PP 5 . UE R, b b T A 4 J8 4l
i 8 h g zE . s ke, b 4k T, AR
A5 A 8 b 528 . N, N-—HI S I Bt ik DMF) |
AL T I ABR FREE T4 72, 1 D8 5 ek R 2%
. 3-TN A EE e L A IR (AAPBA ) 42 SCHk 7 ik &
AT AR R PEO e SCHk 7 A

1.1

1.2 B|RMKFE
L2.1 BRI (NMR)

400 MHz'H-NMR | Bruker ARX-400 #% % 3t
AL %2 ;300 MHz 'H-NMR H Varian-300 #%
LHRALI 5 , pU H Bk e (TMS) i IR
1.2.2 SHh-A W66 B

{#i F Shimadzu 2~ & UV-2101PC %8 4h-7] DL 43
SR, R EE O 25 C.

1.2.3 Bt B B O 3% L ( gel permeation
chromatography , GPC)

{fi ] Waters 1525 & 20 W 40 {0 3% %% , Waters
2414 R ZPCK AL , Waters Styragel HR B¢ I8 A
(FL4%: 1 x10° nm,1 x 10> nm A1 50 nm) , Ll THF
RS i S 1 mL/min, B AT il R 1E E
35 °C. A FHZE 40 A1 B SRR SR FE (PSE) R 2 1L,
AL FREK A A Breeze 3.30 SPA.

1.2.4 A% PR ( rheological measurement )

{i /] Physica MCR 301 ( Anton Paar) Jij /735 1
T AGHEAT B A IR AR S ] CP25-2 HfE AR
RGE, BN E AR 25 mm  5ARFHE S 18 AR 22 1)
FRE O 20, B4 T 5 K i 5 4R 0. 053 mm.
EREIS N0 B B R B AR A S T R A, AR R

T 35 RE 2 DA By 1k 03kl AR oK a4 k.
IWHT, &5 TE 1 Pa YN /1 F,0. 1 Hz IR
WA TR E 15 min. PR35 M HAE 1% 19 6 A8
THEAT, FHEE A 100 ~ 0. 1 rad/s. A2 I
i f = 1 Hz, FHR SCFE IR % R 1 K/min.

1.3 BEAEUHER

SmBEERY G R BL MR EE 2 h
s .

1.3.1 41 RAFT i #]i04 H%

153 F RAFT 3500 38 2o P9 25 B I A A 3.
K R o R BERY PEO i FR 56 A8 Ry R e 45
ELRERAE Ry o B o R B PEO (5. 22 g,0. 522
mmol ) i T 50 mL — G0 WP e, 1o Hoofim A 2 ¥
DMF, vk o 4. 1) 1 3 ¥ W b 22 % i A G Ak
AR (1,31 g, 11.0 mmol ) , iz I 7& % Wi T k47
8 h. JERL A K B 2 SR AR, T ) S b
(2 x 30 mL) i K i 0T e 5% 78 A BRI W 5,
FE R — L alifh, T T —2 7.
W b—2B R W AR T 50 mL S H ke,
oA S- e - = m AR A R A (3. 12 g,
10. 4 mmol) , =i N 24 h. 3 58 5 4 08 W vk 46
%20 mL, ] 200 mL Z BE-Z kIR AR (1:9,
V/V)ULYE 3 K. )5 120 mL ZBEDUIE 1 IR, 5T
DR 7= i, B TR S A BRI R (4.7 g,
W 85%) .

1.3.2  =inBALRY 0 &

ik B AL R Y f AAPBA 7E & 48 F RAFT
AR 0 A RS S R, R
AAPBA [y &5 5] 3 F PAAPBA 55 Bt K J¥ A [A]
M Be L Y (P1, P2, P3) . HAKHEAE R, 43 | FR
HU3 {5 AAPBA (P1: 0.191 g, 1.0 mmol; P2;
0.382 g,2. 0 mmol; P3. 0.574 g,3. 0 mmol) , il A
F] 3 % 25 mL Schlenk 45 H1, ] 3 3245 tp 42 B A
By T RAFT &7 (0.5 g, 0.048 mmol) DL K
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Scheme 2 Synthetic route of PAAPBA-6-PEO-b-PAAPBA
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a) CH,80,Cl, N(Et);, CH,Cl,; b) 1-BuOK, 4-hydroxybenzaldhyde, THF, reflux; ¢) SOCl,, CH,Cl,, DMF,

RT, 7 h; d) C,,H,SCS,Na, CH,Cl,, 24 h; e) AIBN, AAPBA, V(DMF)/V(H,0) =19:1, 70 °C

AIBN (¥ FE K 0. 84 mg/mL) iy DMF-H,0 1§ & &
FNCL9: 1, V/V) AR s 2 b AT 3 IR i —
25 — R VR B AR B 48U B4, ONLAE 70 °C R 64T
20 h. Jz B4 G B = SR R I TR A 0 U e
T 50,100,150 mL ZMkrp. 48 )5 BR34BT
ST 4,6,10 mL HEE 143 50 L 3E T 100,
150,200 mL Z kb, 20 #AE L BEAT 2 k. B
TG A E] 3 MR AR S WA, 3 F LR Y
(U 2245 511k 88% ,88% Fll 85% .
1.3.3 =B It Y PAAPBA § By b 2% 5%
1k

A3 SIFREC P1(0.10 g,25 7.2 x 10 ° mmol) ,
P2(0.10 g,%9 6.2 x10 " mmol) F1 P3(0. 10 g, %y
5.2x10 7" mmol) , AT A %] 3 3% 25 mL Schlenk %
) 3 3 A i A A R B (0. 033 ¢, 0. 28
mmol ;0. 067 g,0.57 mmol;0.1 ¢,0.85 mmol),7
mL DMF 5 35 HL i i) 28 58 53 01 B8 1) 43 . 9 W
RS L FHAT 2 REBG—EZS @A —H
2 — R VR BRAE B AU S B, IOV AE 105 C R #E 4T
16 h. S S5 oI5 FF 3 W 53 i DUVE T 80 mL
Bk TR A B AR5 50 8 mL THF ¥ fi#
J& FRRUTTE T 80 mL Z Tk, It A AE 2L E 47 2 K.
B2 T 5 B A5 30 0 [ AR & T GPC AL,
1.4 KERAH &

XFTREY PL, LI E N 100 mg/mL 14 5

B BRI S0 mg AW E TN SR, A
0.5 mL WfREh 22 s (pH =7. 4,50 mmol) , il i
B0 B 28 S AR AU AR SR 4 b R T At
WM 2% ik S 2 MFE. T RAEY P2
KRG P3 K, DLW FE S 100 mg/mL (1 K i
J B BRI S0 mg AW E T /NSO T, A
Na,HPO, % (50 mmol)405 L, i 4 h 5,/
A NaH,PO, (50 mmol) % 95 wL, 4kZEJ & 4 h,
i H.
1.5 REHERRER N EE BRI

il 4% 2 3y Mk B2l 100 mg/mL ) P1 BE JKFE
it , B E AR A 200 mg, ) b3 AN B R
3 A 100 o/ L 1) 4 %5 W5 7 WA 300 o/ L 1Y
ABEVE U A 20 min J5EE 4 h W 0 e 9
FEE W i, A5 B B A ARV N 5 g/L DL K 15 g/,
P1 V& 24 100 mg/mL {58 B FE &, IF 5 A I A
2] R VL 1 O S T TR
1.6 7KER 3t FITC-BSA B8 i

FREL 30 mg P1 KE S, 7 T FITC-BSA (& W
10 mg/mL) 2% vf i (pH =7.4,50 mmol ) 1, 13
| FITC-BSA ¥k &4 10 mg/L,P1 ¥ 4y 100 mg/
mL PEERE BE A AT RS 3, H S 4 bR
A FITC-BSA (¥ 3 15 &E B 53 5 % % 2 A & 0, 46
HPREUE R 10 ¢/L 130 ¢/L (4 3 Iy R mis b,
B 28 th R BN 10 mL, 76 38 5 14 15 (8] 55 53 1)
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M3 AR ZR P ECH 1 mL 28w i F 4R AWl
TEN A, L1 mL BT EE LR pp AR TR R 98O 6
I FITC-BSA Y Bl i , Uk I K o 495 nm, il
it 580 nm Ah PG K G5 B, O 5 FITC-BSA #3
VA WA B TR A7 % R

2 #RE5iTR
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2. 1.1 w735 RAFT 3850 59 45 il 5 AL

PEO 3 7 = B AU BRI 45 F i) RAFT 12051
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L [ N S e A, TR R B R R 3 R
AIER TER RS NI A D B =R QR , R IR
L I A 2 R 2T 6 = 4.6 BiF T 1)
At sh 2 6 =5.2 Ml , uk B v 3 5¢ e 56 AL 0%
A T O N S = A R I B R Y
NG RGO EE-CBERIR SRR (9: 1,1/
V) MR DLTE ), 45 31 4l B 50w 1Y v 70 1 RAFT 3K
AL ORI A YRR ARG R R
T (e) 5+ “hedimiE H KR 755 (a)
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Fig. 1 '"H-NMR spectrum of the macromolecular RAFT agent in CDCI,

2.1.2 i B AL R YA RS RAE

FIH bR K 2 7 RAFT 32t 7 9 4% 20 K
AAPBA 1) RAFT R Gl &5 58] =i B IRy,
SUR RN B L A R R NV & S ol
PAAPBA 85 B B, T A0 R o AR 76 A HL TS
Flrp o = I B EF R H TR A R, R
e L FH A A R R B AR R A S R T R A
Sumerlin $R 41 H DMF F1 7K 075 5, i &2 RAFT
RGITIE, ST R AR ORI R AR Y 3 T R
A TS H AT R LA AT R AL 5 F
T =i B R Y. (Al TR RS WA GPC
DR % 1R, 78R 2 k2 2R 0 IR 1 2 T Ak, 5 3K
GPC 52 19 43 F 5 O K, BRI G R AT ok B SR
F ) R B R S P AU RO 4 05, FH GPC e T
Bevmorra(K2),3 MESGYH ST 8D
A R B 4 2 T R A T8 RS
B BEREEARRESE AR 5] 100%  FTEC, >4 28 0 ik o
PRBERE EL ) 55 B, 75 31 40 B 2L R W) 1 43 F R A
Fe, BXCUE B IR B T 38 S Ok b R = Bt

25
Retention time (min)

Fig. 2 GPC traces of the three block copolymers after the

phenylboronic acid being protected with pinacol.

R PAAPBA #E B KEMH M. N T &
PAAPBA BB K M2 T 3 Fh R A W0 19 % i
S (& 3) ki 6 =0.83 ~0.86 4b 3
BiFE5 5 6=1.33 ~2.06 4b (& T = bt 51 i
{55 ) PAAPBA E£4f CH, MBIt , i 52 P1,
P2 f1 P3 /1 PEO % ¥ PAAPBA %% B (1 T & A0
Byl 10,19 F128 (£ 1).
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Fig. 3 'H-NMR spectra of the three block copolymers in DMSO-d,

Table 1 Characterization of the triblock copolymers

Polymer M, x107%* PDI* n’
P1 13.1 1.20 10
P2 14.7 1.21 19
P3 15.5 1.20 28

*Determined by GPC ;" Estimated by ' H-NMR

2.2 HEBEWKERE G &

i B At Y P10 T 22 vh b, i W
KGR S BIVIE R, ¥R EE 50 mg/mL IR, A 28y A
BAAOIRES W R T 75 mg/mL, IR 55 K & Gk
T sl wE A RO BRI )E ] DU BRI
10 375 B 5 S, e v DAAE B EDIR S S B B
F T FRE 0 75 ¥6 o k45 2 3L R W) P2 FI P3 (1Y BE
B, FEJE A AR T By v PAAPBA BE By <, 24
W PE R 100 mg/mL I, 3% J0 1% 24 5] 73 AR KR
Worh, 2RI ) 75 0 W . 2O pH (3
(% Na, HPO, S /F R &), & 4 h J5  FHINA
NaH, PO, B, LB Y P2 £ 100 mg/mL | 1] L)
TR AT e B EAR S S A B A A BE. TR RE S
T, R Y P3 1 50 mg/mL 1 100 mg/mL T 1y
DM WA, TR . =ik BCE R Y R
ABA 4549, Horh PEO (n =220) 55 Be b 55 K BE B,
114 3 (1) PAAPBA HE B 7E pH = 7.4 Wi K, A
I, 7E i 7K VR F 3K 3l T I8 Bl K DI, TS K Y
PEO i BAE i /K X 48 22 6] 2 2y 34 10, L3R W)
R R 2R i K LBl e s T R R AR K I B

B AT B BE AR R
2.3 mREMERMR
2.3.1 PAAPBA BEBLKJE M52 00

I AS AL 2 7 3R P1 A P2 35 WY T
ARPET. B4 2 100 mg/mL 1) P1FI P2 i
WH PR R, —FHN 65 6" BEfpx
A Az . ERRMMAEET, " & T
G', B YRl £ 002 0 T 4G K, G/ 3G K 2
B B e A I AE A AR R T AC RN A AR
FIIEE N, G 6% T G, AR = AT
G' T B X RPN RA YR G BB IE
AR LY PL BRI G5 G A AR
N AR (w,) R 1,46 rad/s, P2 B w, N
0.47 rad/s. WAIBETE S w B LG, B il B (] (7)
2 F W A IR A AR S R R LR B
[T (18 05 st i T) R 51 56 1 B i) RL B, T i AR L
ARG E AR . BARX 7 =270, A
B B RS SES R 40 4.3 s R 13,4 s, P2 B
JIE ) s st B ) S 2 T PLOBERE. XOERI RS P
AH LG, P2 Y B /K % B A, 4 B IA] A B 7K A 3%
G N I A = | B N B
1, A I A2 B A5 B i B, A st IS TR 38
i K g6 A B AW I sKEE B R & BE R
IS Y 3 T2 B L (R P2 3 i A i 5 P 3 I AH
ZEARK HEM X 2 i F P2 KA E TR 78
WP 50 mg/mL B, P2 Sy % b VR AR, 2 e ok B #
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RV ik R AV T 5 50 e B R 58 0 0 BT A R wf 2 a8
a
EF' ’ ﬁt%ﬁﬁ%ﬁ«&X¢§E%%E E"] ﬁ@(ﬁﬂf& ’ ﬁﬁﬁ P2 3 o 2G3 EDDDDDDDDDDDDDDD“D‘;‘;E
o e " W e ~ 107 AaRBRRRAAAAANAANRRRRARRZ R
VEICH) G A G745 PLBEIE 2 BIA K. P, ik E | senon eonnnRAAR Ao s canian
BB 6 X A PL R K LA R
NG A o
o . nAANA .
10* 10" ¢ oo
0 DDDDD
107 ¢
-1
3 DEEEEE 10 1 1 1 1
- 107 DDDDSESEEEEEEBDD a 10! 10° 10! 10
= g R o (rad-s)
R AAGG@QQMW%
g.\ AA;EEEAAD 0 AAAAAA AA 2Adas
10°F a® DDD Fig. 5 Dynamic storage modulus and loss modulus as a
o G G” function of angular frequency for G1, G2 and G3 gels
g o 4 P2100 mg/mL (25 1%)
o o 4 PI100 mg/mL ¥y = 1%
10' L, : . .
E 0 1 2 T M2z ! " N y
1o 1o 10 10 B ERPE I G S, GUNT G WA
o (rad-s)

Fig. 4 Dynamic storage modulus and loss modulus as a
function of angular frequency for P1 and P2 solutions (100
mg/mL, 25 C,y = 1% )

2.3.2 LB Y5

W9 T 3 N EET (75 mg/mL, 100 mg/L #l
125 mg/mL) 5 W) P1&E I 09 i 28 1k o, 3 > A
AT BRI S A G1,G2 Ml G3. 85 N 3 P EEEKE
MRS . G3I W 6’ TR, X
W HAZ R % P23 . TE AR R T 30 rad/s D) |
DX E] L3 FEERE B G AL T & (fR AR b L3 K
G ARALE /N ) IEFETF- B X 68. 7 rad/s [ £ 4
TR RE Y G BRI AR S B BERE G, G2 I
G3 1) G' %3524 329 Pa, 1190 Pa F12980 Pa,G3 ¥
MW SR BE e K. tand JEBEIE G" 5 G W HLIE, R
T e — A AR B e G 1 S 5 9 L ] tans
(BB /)N | 3R WY 6 JE 1) 1 o A 422 33 [ 4K . G1, G2 il
G3 [ tand 43 3124 0. 36,0. 23 F10. 20, A it G3 ¢
JEAEPE T b S S K. G1,G2 F1 G3 (A5t
BFE] 7 BOE 43 2.0 s,4.3 s F15.7 s,G3 B
(R Bt I ] e 1. PRI, S SR W ok R B vy, T LY
g iR A N G i s i 75 i R 1 N = P S IR IS
F14) 2 b B ]
2.3.3 RERE MW

6 k3 ANEERCH G G B i 1 A5 4k
TETHES P B G5 GBS, 6 i F
FEBRLL G IERRET 65 GMHAE  7EAE R
ZIEWRENSE N 6" WL /NT 6", HKEE R
T —H BT K. — AN, G RTF 6"

EF L HITHEE R T 675 G A TR Y i
JE T, S5 e 1) J2 58 JC o IR P T r 0 A A O ) e
AR B T 58 SO 8 I3 1 TR ) 358 M2 - T 7 it JEE
(T, B(E 5 319 2 7 o BT 3o BAY AR AT O, R A
e, T L nl BEAR A, AR B 45 5 0 1 Hz). 3k
SR B S X T T P LA 3 YR IR
G1,G2 M G3 1y B -1 W e 72 il 1 7 5l
30.6,35. 4 F139.4 C, e & By ) 5 M 10 e 7 i

G'G" (Pa)

20 25 30 35 40 45 50
Temperature (°C)

Fig. 6  Temperature-dependent dynamic storage modulus
and loss modulus as a function of angular frequency for G1,

G2 and G3 gels (f = 1 Hz, y = 1%, 1 K/min)

2.3.4 BV BE Y R

3 P AR 2 7 IS T 4 W 1 I AR T
Je M B R s e, il 7 BTN R R A 2 i
JE R B T B A G G B8 A5 1 #5811 F A
R, AT & U0 B 5 2R 0 R 45
A, — 7L 454 PAAPBA 4 BE 11 3 7K 1 18 3
Jy—J7 W, SR E S S S AORM R 1 pK, FE
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A1 A 5T 22 Y R R i A2 BT LA B U XFE TR
PR B B R ER L HE R 7. X PR & SR 2 I 5
PAAPBA % Bt 2 [B] 1Y 55 /K 2 5 1F T, 46 58 38 Bk AT
() 75 i, S BUEH 0Y R B AL st B[R] A 4 . X
Lo 2 DL 2R Y e A5 380 190 R JE A o5 X e B VR A
e 3 .

0'g ccpagpaEaieessy
F ooBgooEEgal
sasaaiRRaisaRiAacansaansany
2 ARRASERRRA o
g 10° k£ AR OR B Dnn
NS Ega nu” o G, no glucose
© af o A G, no glucose
© o'k a” o G, 5 g/L glucose
o A G" 5 g/l glucose
E 50 o G', 15 g/L glucose
o a G" 15 g/L glucose
10° L ) : :
107! 10° 10' 10

o (rad-s)

Fig. 7 Dynamic storage modulus and loss modulus as a
function of angular frequency for G2 gel at different glucose

concentrations (25 C,y = 1%)

2.4 BRMEMNEAHYNEHMBHELR
WH9E T BEIE G2 XF 4K 1 it FITC-BSA 141 %
RV 2 ) 02 RS TRCAT Ol Sk FITC-BSA 3% T
BERR 2z sl R R AL R Y P2 I T,
RS 0 FN AL PR A5 B T A 84T FITC-BSA iy
BEE , SZESE B, FITC-BSA MY FE 1A £ 1 2 5% 1
BE S BB B, BERCAT R FF B 5 i W B S i — 20
WF5E T FITC-BSA MEENE G2 P Bl /2 , 45
UL E 8. AE TCHE 2% o i, FITC-BSA DL AH X 4%
1) S SR, BRI A i T LR R A AR
TICHE G vl IR 22 78 10 /L A MERAE T T,
FITC-BSARE O 32 3 &, B i 7E 150 min 4 58 1l
1630 o/L # Z WE IS W b, BE T Rk — 2t
90 min B 5E A HE DN X SR K R BE I N ER
PAAPBA % B 45 6 TV B B 7K IX 3819 T 12 A 1E

PLSE K P B9 PEO BE BEAE 28 A 53 7K DXl g 7K X
AT T FITC-BSA Sy /K ¥ Ko 5, Hi 3l
PR BRAE 25 7K DX AR 3 e B e v o A B
AR K DX SR 7RI B i I 4, L it A O I 1) 4%
P8 5 A I 32 T RO T 0 1 S R R
MIZE 5, 1 PAAPBA % B ok /K PR3 i, £ r fif %%
JEE R iy, T ) 555 5 U 4 SR T 5 G IR 2%
FR i, B2 M TR FITC-BSA AYBEARL. 7 LWL ¢ R
O S A, W] A B [ AT 2 T B0 BE R R I f)
TEAR RSB A/, BB B e e Ak O S
VR UE T R 58 4 i

100}
£ 8ot
(]
B
3 60
(2]
>
B 401
E —0—0 g/L glucose
3 20t —o—10 g/L glucose
——-30 g/L glucose
0

0 20 40 60 80 100 120 140 160 180 200
Time (min)

Fig. 8 Release profiles of BSA-FITC from G2 at 25 C in

50 mmol phosphate buffer (pH =7.4) containing 0, 10,

and 30 g/L of glucose respectively
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Glucose-responsive Hydrogels Based on ABA Triblock Copolymers
Containing Phenylboronic Acid

Ting Yang, Xin-xing Deng, Fu-sheng Du, Zi-chen Li”
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of Education ,
College of Chemistry and Molecular Engineering , Peking University, Beijing 100871)

Abstract A new type of poly (ethylene oxide) (PEO) chain transfer reagent was synthesized and used to
mediate the reversible addition fragmentation chain transfer ( RAFT) polymerization of 3-( acrylamino )
phenylboronic acid ( AAPBA) to get three types of PAAPBA-b-PEO-b-PAABPA triblock copolymers with
different PAAPBA lengths. The gelation of these copolymers at physiological pH was examined. It was found
that hydrogel formation was dependent on the PAABPA block chain length , when the block was too long, no
stable gel can be obtained due to the high hydrophobicity of the PAABPA segment. The effects of temperature ,
polymer concentration and glucose on the rheological properties of the gel were investigated in detail. The
results indicated that the formed hydrogels possess solid-like behavior,at high polymer concentrations , gels with
high strength and high phase transfer temperature could be obtained. In the presence of high concentration of
glucose , interaction of glucose with the PAAPBA block can lead to the increase of the hydrophilicity of the
PAAPBA block, thus leading to the break of the hydrogel network with time and finally the gel dissolved in
about 1. 5 h. Finally,the hydrogels could load FITC-BSA in the hydrophilic regions,and the release profile of
FITC-BSA was accelerated in the presence of glucose.

Keywords Phenylboronic acid, Poly(ethylene oxide) , Block copolymer, Glucose-responsive, Hydrogel
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