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Synthesis and Characterization of Thermo- and pH-Sensitive

B-Cyclodextrin Containing Polymer
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Abstract A novel B-cyclodextrin (B-CD) containing linear polymer (PDMA-B-CD) which has both
thermo- and pH-sensitives was synthesized by quaternization of N,N-dimethylaminoethyl
methacrylate(DMA) using iodide substituted B-CD as quaternizing agent. The polymer was characterized
by FT-IR, 'H NMR and element analysis. The aqueous solubility experiments show that the polymer with
30.43(wt)% B-CD still exhibits pH-, ionic strength-and thermo-sensitivities. ~However, due to the
introduction of hydroxyl groups in B-CD, and quaternizing tertiary amine groups, the aqueous solubility
behavior of novel polymer synthesized, in response to the external stimuli, was much weaker than that of
PDMA. The inclusion property of PDMA-B-CD was confirmed by the method of UV-vis spectrophotometric
titration using phenolphthalein as probe.
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FIFAE AR 27 R 2y 27 S AU, I 2y R AR 2R L AR AR A o 2R P AR P R -NN-
“HEIE LPER(PDMA)E R BB 7RI, AT IR & pH BIUE, R ARG &
KR TR G HTh g, A0, EH G 7 R RELE- AWK AT PDMANY, Ji
if PDMA 731 UG IO Z A S N7 B T 5 B- I MRS S A B a (K B e P v 2R, TR0 B 5%
THOKS WAL« pH J2 1 o BERBUR M S Bl A P e
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1.1

FH Varian A F] INOVA-400 BRZREIEARAL: JERtmAI A R UV-1200 BUE4MA] W50 66
s dERUE RSN WQF-310 BUE ST 20 4b 6L, KBr & Frs £ [E Vario ELINIIGER 7 #7
s HACEE 2% D/max-3C H 8l X $HERRTH; 22 F TA 22 5 TGA Q50 U 4% ; KA 2 7 HOK4/120
RUSAMNEAT s FIE A PHS-3C AURE % pH 1 RV TREA RLENT( T & 8000~
10000). B-PMIRG(AAAR], WSk miatett ) ) IR IR-NN-— F 20k OE(ACROS 77 i,
PEBRZR AL Bl R 285 ) s o6 AR RBR I S (P 222l A ), SRALA R TR &
FIE L) KIMHTal, Wl R =) ) 2B/ CBECINg, Bigln =), JoKOREE
g5 ).

1.26- B- (B-CD-6-OTs) (8]

B-CD 3g(2.64mmol)& 7 7E 25mL 7K, NaOH 0.337g(8.2mmol ) i 7E 1mL /K, ZERHE T
INEIB-CD ¥R, Keoxt H L LR I A (p-TsC1)0.75g(3.96mmol ) fif /e 1.5mL ZJiEH e, 7E 0°C
N INEIR-CD (MR A W, 25°C RHERE &N 2h 5, M HCL 1% pH=6, TyEviie, €
AT 4°C R IRCE IR WHEDTUE, KPR UTIE 45 i, B8 T, 19 il 4 ) B-CD-6-OTs,
PEF 28%. IMEURE 179°C CCHRE™ 179°C).

1.36-  B- (B-CD-6-T) (9]

B-CD-6-OTs 2.85g(2.21mmol)#! 2.85g(17.2mmol)KI ¥ T 50mL T4 DMF ', 5 90°CJx
N Shyi s BRI, I 20mL KRS, HNEDTE ™), BEE 2RI E RN KL
g, BT, 577 2378077 % 86%). 'H NMR(DMSO-d;), &: 5.82~5.64(m, 14H), 4.88~
4.83(d, 7H), 4.58~4.48(m, 6H), 3.75~3.43(m, 28H), 3.41~3.17(m, HOD). JCZ /) #
CyHeo05,] « 3H,0, SEIMHE (VT 5HAE )/ %: C 38.51(38.80); H 5.45(5.77).

1.4 -N,N- (PDMA) (o]

FREX 2g #1408 DMA % T 4mL V(ZEHNGK)=1/1 [IRAEFIH, FR ERIR R T %Y pH=3,
MAJEHI R A2 B O, BET 20min 5, #HETHEIEAMS T, ERIMDUTFIIRESG. K
B 2mol/L A EAL BN Y 22 pH b 9~10, FEMIZBNTIRAT G Rk, L T46(50°C)
HTREEE. 7R 50%.

1.5 -N,N- B- (PDMA-B-CD)

¥ PDMA FIB-CD-6-OTsEiB-CD-6-1 4% —EMLL(F 1) T T11) DMF T, RSPk

FER 20(wt)%, 7 80°C N N—E I [], f=YI&iEHTIRAlG K. AT T TR EE,
2
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1 PDMA-B-CD B-CD
Tab.1 Preparation conditions and B-CD content in PDMA-B-CD polymer
FE i m(B-CD-6-1)/m(PDMA) SRR )/ SN/ C B-CD HIF5 4 */(wt)%
la 1.50/1.00 30 80 14.50
Ib 1.50/1.00 48 80 19.70
ITa 1.50/1.00 30 80 20.22
1Ib 1.50/1.00 48 80 30.43

*HICE MR C N JCE I T

1.6 PDMA-B-CD(  b)
¥ B PDMA R ITb 43 BEC AN [ &5 75 B RIAN ] pH [RZ2 i, FIRESIN 1.0(wt)%.
FEANT WA O BEAXAERAS 500nm Rl FE S IR G iR KB i s, FHlIE R b
2°C/min.
1.7 PDMA-B-CD( b)
B IFIR B K 52X 10° mol/L(pH=11 [BRIRZEZ M 0.1 mol/L), 1Ib I/ 514 0+ 0.64+
228 F1 19.9mg/mL, W& % 2 1) e KW O PRI RO FE AR, KB FE: 200~500nm
1.8 PDMA-B-CD( b) X
Ffili: B-CD-I. PDMA F PDMA-B-CD(IIb). Mllik4cfF: Cu i, Kok, &k 35kV, &
40mA, VBRI 5~55° .

2

2.1 PDMA-B-CD
PDMA-B-CD &5 i W 5«

CHg CHg
| |
17\ —fCHz Clin fCHz Cl']ﬁ
N S o
—1CHz l']x_ (|3 (|3
N
c=0 B-CD-I _ CHCHoN(CH3),  CHCHoN(CHg),
i j
[ DMF
CH,CH,N(CH3),
PDMA
PDMA-B-CD
1 PDMA-B-CD

Fig.1 Reaction schemefor the synthesis of PDMA-B-CD

PRI R B-CD FRLEAR 6~ A IE - FR T RS i (B-CD-6-OTs) FI LA 6~ B-FA M g
(B-CD-6-1)43 515 PDMA BTN, SEEAAE LA RIE 1. Ta flTb 2 5l2Ep-CD-6-OTs 4
PDMA 7 Jx NI Eb K S I 3k FEE AR IR T S 2 I [B) AN [RI T4 1. 5 0k384L, Ta AT M2 B-
CD-6-1 5 PDMA 7 Jx NG b A il B AR [ 1t B () AN [ e 45 7240 . WITAS 28 &4 h B-CD (1) 75 &t
AL, AEAH A JRORHAC LE R S Y 46 1F R, HHB-CD-6-1 5 PDMA Jx N TR A4+ B-CD [ 2k
HYBR, HIEAT I, B-CD-6-1 [f e Wi P K T-B-CD-6-OTs.

3
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Kl 2 &4k PDMA. B-CD-6-1 F111b MI2L4MGi%. 76 11b ik 24T PDMA FIB-ER RS
PR h & A6 BT IR AE WO, 1730, 1467, 1155em™ 4355 PDMA £5#J ¥ T C=0. -CH,-Fll
C—O. C—N ¥R, 3442, 1035 cm™ FRRIKS ) O—H. C—O KRB
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T T T T
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viem™
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Fig2 IR spectraof B-CD-I, PDMAand b

PDMA-B-CD( II b) 4R 1 (D,0) WL 3, HALZAAT 5K : 4.99 (1-H), 4.40~4.10(9'-
H, 9-H), 3.80~3.18(2-H, 3-H, 4-H, 5-H, 6-H, 7"-H, 8'-H), 2.78 (8-H), 2.27 (7-H), 2.14~0.87(10-H,
11-H). i 3 Faf i, PDMA 1 7-H. 8'-H il 9'-H ({46220 8% R 52 245 A RUE 25 1 (K55 [f)
KA

11
CH; 0 ?Hs
|
—[C HZ—CIHH—FC[ lg—Cliﬁ

C=0 T=0

I

O I’ O
ol 8 27 ol 8 7
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H
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Fig.3 'H NMR spectrumof binD,0

2.2 PDMA-B-CD( b)
K 4 £ JERIB-CD-6-1 F1 PDMA LA =4 11 b ()3 (a) FI FHAE (D) Hh 22, M 4(a)f350,
H TG I TV A ) 198, 308 il 229°C, TIILIIb fIREEE AT AN R 18], K]

4
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Fig4 TGA(a) and DTG(b) thermogramsof B-CD-I, PDMAand b

2.3 PDMA-B-CD( b) X

Kl 5 Z&B-CD-6-1. PDMA Fl11Ib ] X S8 RATHIE, BRI WL, B-CD-6-1 4y At &4,
HAFIERTSIIE 2075 00 K 7.14°, 12.00°, 14.60°, 15.76°, 17.60°, 18.72°, 20.04°, 20.70°,
21.52° fll 25.86°; PDMA NIJGE 4K . W I RN 1T b o4 TosE TR 458 . AH NI IR
SHEEET LU, B TEMAR, ENEES EfrfE— g ER.

B-CD-1

PDMA

b

T T T T T T

10 20 30 40 50
26/

5 B-CD-I PDMA b X
Fig.5 X-ray diffraction of B-CD-I,PDMAand b

2.4 PDMA-B-CD(  b)

2.4.1 PDMA-B-CD(II b)/K¥# 1) pH BUENE 2R AL VIR TR-N,N-— 2 5L 4 H(PDMA )& — [
BT R, o A (N N- 2 ) & 38 g /K O [ AT 5 7K B i SRt AT 28 14 oA 2 15
WK, AT HAKEYE S B TR 05, DMA B TR B FLEAE pH7.44~10.44 SE[EAN H
IR . PDMA S5 FLICHI(NN- SR S — KR ], B 7405 ml A8 0 5K
PEIEIA],  DRIIZEE AR pH G P IR RS 1A B A5 R 1 S BRAE ALK 7 20 PDMA. 7K ¥ S BR AR
tb. Kl 6 /& PDMA 1 PDMA-B-CD( 1L b){E 40°C I (1) B a2 i 2k, 5 DAL I R o %
fiE T pKM, ) PDMA ) pK,=8.8, 1M IIb ] pK,=9.5, XM THHIREHIEN, HEEyF

5
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Fig.6 Turbidity titration curvesof PDMAand b at 40

2.4.2 PDMA-B-CD( I b)/K# M B E 56 S A TR -N,N-— F 2 Ik Z G (PDMA) (1) 3L BT 2
H 5 20 T L (NON- ) L3 5K T AU fe DRI BE 1) T 32t e S B TR T 1l S5 1 2
PTG 5 1 R e 2R A0 i B 455 08 2 R A TS A 5 AT o S (NOIN- ) O S P A A =5k 8 )
IANRE S KB EBE, TR Je etk . IR pH AT AN R ARG S i % (LCST) . 34k
DAFE ISR B, 3o FE A A1 i 21 [l KA BAE A, B LCST F#{K. &l 7 &2 PDMA
1 PDMA-B-CD(11b)7E: pH=9 #! pH=11 I, A[l&E 7o FE M) LCST. nJLAEH, pH FIE
THEX] PDMA-B-CD(IIb)LCST [Pt # 5 PDMA SEAAME, HZ7E PDMA-B-CD(IIb)H
MBS IEAN, MERYTIINT KEPREMEERIEE T, XWFERE KT RS
(RISEKPE, TS ISR & P B A AR =i ) LCS T

Kl 8 ;& PDMA 1 PDMA-B-CD(Ilb)pH=7 N B2 ith 2k, thT75i% pH 4&fF T, (N,N-ZH
RIL) CIE A B E TR, PDMA ) LCST &1 pH=9 Al pH=11 I [F—2 750 Z
LCST. T1fiX} T PDMA-B-CD(IIb)fE1%451F F, Frill £ i i) LCST 34 203 2%

454 =
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Fig.7 Influenceof ionic strength on LCST of PDMA and
(A) b,pH=9; (B) b, pH=11; (C) PDMA, pH=9;
(D) PDMA, pH=11
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Fig.8 Turbidity curvesat pH=7
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Fig.9 Influenceof ionic strength on LCST of PDMAand b at pH=11

2.5 PDMA-B-CD( b)

9y BR(PP) i AR BIF FUAN B R (I 1R 2 A 5 AORDRS 1A A0 46 WL R PR U121 2828 DAY KA PR
P 2 20191 T PDMA-B-CD(ITb) LA o T ERAE Bl 1k 5 v DL SE A0 € R 47 25 -T2 2
EAE, SR S5 BOAL 5, TR g ot I R4 . ] 10 45 1 T K5 PDMA-B-CD( 11
b)Y A R Ab-v] G AR Ak, af LAUKILBESE PDMA-B-CD( I b)iK B3 I, MyEEZE 550nm AbfH)
WG BRI E I FRAK . I HLEEAE 270nm A0 —ANSERI S, KB PDMA-B-CD( 11 b) 5 8y ik ik
ATEERAAER, HIER—MEEA 1/1 EE9T,

1.0

0.8

0.6 1

":

0.4 1

0.2 4

[ o e s e e N

10 b pH=11 0.1 mol/L (5.0x10°mol/L)
Fig.10 UV-visspectraof PP (5.0x10°mol/L) in thepresenceof b in1=0.1 mol/L buffer at pH=11
M a~d {UCH 0, 0.64, 2.28, 19.9mg/mL

TEA N DMF W& BU% L 1Y PDMA 5 B EUR 6~ B-RRS (B-CD-6-T) Bl fifi Pt A4 B- 24
RIS (B-CD-6-OTs) AT A S N, 1T LA - IRE e vk =i 20 7, (HEHFB-CD 43 TS [R5
N, SONIEPERAR . SZEGZRE, BUARR-FRRIRE S N3G ME R TR AL B-IARE o« 2 B- PR RIDRS 1 25

7
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N 30.43(wt)%I, IZREPEA pH. M8 S o BEBURE, (H BT B-MOMIRS s K g,
fESE LI pH. TS BURPERRAT, H pK, M2 LCST #& T PDMA. & 79X LCST 540 2
3% KT PDMA. FifS a2 — MR B A R ESUR RS F O A ThRE R = R .
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