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ETB-AHMBHEHZEENR
Rl & K IERE

R, TR AR, B, LR, BRRE
(1. BIETAE KFAY S E% TREBE, &8 230009;
2. MEINSEFAEE S TR AR, 25 066004
3. AT b R2AEAE T 26, A8 230009)

HE LAWK (B-CD) Ml Lf R}, i B BE L K 2 BB Al B, 4 LA o 2 A0 [ Ak B34
WItE (6-enB-CD) ; LA 6-enB-CD AT, Mt HIZ IR N-FREFF NI (Lys-NCA) M 22 N-BR BN
PFRMT ( Glu-NCA) FIR A TR G (ROP) FIBE 420 AL ( Chz) SRAPAE RN, il % 7 L1 B-CD S #% | IR EZ K
TENERBEY[6-B (B ERR-BIENR ) -B-CD . LUFE TR 4 BhOG i W i 88 AT I 8] 3% ( MALDI-TOF-
MS) | BREHEIRPE (NMR ) FIE B AR BTSN (FTIR) 55 % BUR RS H) B b VAR S5 MR AT 3R AE 5 [R]IR
FHIR Z 5 561% (CD) FIBERS I ( MTT) ¥ 3% 38 & W1 Z R 5 MR SN EEPEEAT T8 485, 450360, Frig R
REWHNERSTR(M,) K 4626, Z5-ERE(PDL) 1. 10, FIREGE (DP) 2 27. 1; FE/KIER T ERE
G ZREERR TN A 765 mg/mL KE T, AIAANG R T 5] 94% L &, & S0 B AR  0iE
B, EATEE R 25 iR,

KB B-IWIKG; TFIRRE NRIELINNIRET; BRR AW ; L WAHS

hESES  0631.5 XERFRERRS A

KR B-AMNHG (B-CD ) FESE bR F A7 4 F- 28 S B, Ange /K b v e BEAIK . T R BT i 7Y
TS MY R TR AR I, XF B-CD I T R A B A B, SO MR 1) — 2k B
BRBE , R TEE A 2 R R AR, RIS LA i 5T A 2 — %, Zhang % HiRIE T —Fp
HTF B-CD WH R L ZEE(PEG) M B-CD L) i BL 2E K ML R YY) PEG-b-PCDs £ UJRE4H K 25 1) 2
K. PEG-b-PCDs FILIFER UK | filkor  WIMER | BIAEE R A HLZEORPA sk Y25 1015 5 T 528
F R 2T RE LB RRVE T ; Xu 5l IR 8 A 3R A (ATRP) B, il % T LA B-CD
g UIBR-[2-( WAL - L AW BE N ARTRIE ] [ P (DMAEMA ) | B0 7RI ARGl AR — B DL - ( L3
B ZE L B I N IR TR EE ) [ P (PEGEEMA) | S SO RIS G W), W H4 Bk DNA (pDNA) ¥ 4ii
100~200 nm 0¥, iR TARGF (03 R AL YL g 75 Kang 2507 3 o) B8 M -5 e e F & 1 ) I 5L A L 8
H., O, X 3] 840l 57 4 P T e B SR g B P AR L B 2 - AR TN R ( V- TR S T I Tk e ) -B-FR MG 55
A9 (mPEG-Fe/PNIPAM-8-CD) , HAFKE W A 423 iR MR, 3 L LA 5 X AS549 s 2
MR T S5 202 LA TG s Xu S5OV R T SR EE-B- PR RS (SBE-B-CD) 5 UM IR IR 245 TR A%
545 (NTG) i3t E R RPAIEHIE &Y, BA R 25 0 & oK s e ke e, B, R & BiE
it NCA VR4 ROP J5ILTE B-CD FKif 5| AZ MK SE A S iiaE. FRATAESCHR 11~ 15 1 Ak I, it
TE B-CD MR I AE I, N-FRILIANFREF (NCA) RS TFA RS (ROP) il 4 T LA B-CD Asi/K N, LA
FKMEZ IR R T B-CD R EY[ 6-R (A A MR-HER)-B-CD ], JFHFTEGRIE. SEARAY

e H A . 2017-08-17. F45 3 H 1. 2018-03-12.
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WM SR £ "R 287210 VR B AR IR IR 20 A B S A LL , X Rh 2 ISR 1Y B-CD MY
AR Y 0 IR EY), SR 0T I i AR R, i H 22 KO8 B R A=
PIAHAE AL MY ] AR, AN SAENLIR N A, SHRAS B B LR = Myt A 2 6 LR ™ A AT for 2 B AR
I, 7E254 3 D A S HISUSR R A BRI 3.

1 SCIGERSY

1.1 kA 5EE

TP % B8 [ H-L-Glu ( OBzL) -OH, 4[ ¥ 98.7% ], L HF#ms b4 R w44 30k i & R
[H-Lys(Z)-OH, 4% 98% |, ¥ /RAAL( L) A FRA 7] B-FIKE (B-CD, 4i)% 99%) . =3¢ (BTC,
4R 99% ) F—=F L8 (TFA, 2R 99%) , LR T35 43 B2 Al 5 33% (it 43 40) HBr/HOAc,
Sigma-Aldrich 1 [E A BRA T ; JoK ZBE(C,H, 0, 4lJF 99.7%) . & " J(C,HgN,, 4l 99.0%) . %f
FSEREES (TsCL, 4liBE 99% ) Ml 3-(4,5- I JLBEMR-2) -2, 5- "R JLPUUME IR ER (MTT, BEMEEE ) | [E 2546
A b2 R F .

VNMRS 400 %I #8 5 4% g 25 3% 9% 3% ( NMR) 4%, TMS N 45, 3% [E Agilent Technologies 2 l;
ESCALAB250Xi A X £ FREIE (XPS){Y, Mg Ka(hv=1253.6 V), JE[H Thermo Fisher Scientific
N Nicolet 67 BU# L2 4G (FTIR) Y, KBr JEH, 5 Thermo Nicolet 73 HT X #8/A F] ; Autoflex
Speed "™ U SL T4 BO O AR A TR ] B3 ( MALDI-TOF-MS ) 1%, 3% & Bruker 23 7 ; Jasco-810-CD HUAH
Bl PR G, H A6k 24 Molecular Device SpectraMax M2 A 2 D REE#FRIY, 3€ [E Molecular
Devices 2\ ).

1.2 SKIEHTE

SRR 21 ~23 ] 771145 Glu-NCA. ¥f 4.75 g(0. 02 mol) H-L-Glu( OBzL)-OH &% T 100 mL &
MR e, R 3.05 g(0.01 mol) = ESIAT 25 mL LR ZHEESG, FMEEIR i m® = oM, 76N,
{547 F IR 0.5 b, VETRTE TS IS 4R N 0.5 hy NS5 HRGTE N A3 RS A 308, W S v i
TNENE CBE. vKImR s dh . ik, JEPEHIEC hEvkk 2~3 Ik, BT 1 d 5 A AR 2. 85 ¢,
K 54.2%. °C NMR(DMSO-d, , 400 MHz) , 6: 172.34(C—C0—O0) , 169. 27( CH,—C0—O0) , 151. 64
(NH—CO0—0),  135.21[CH,—C(Z3¥ )], 128.80(# ), 67.05(0—CH,—Ph), 57.28
(NH—CH—CO) , 29.80( CH,—CH,—COOH) , 27.05( CH—CH,—CH,). FTIR, #/cm": 3294 ( Glu-
NCA 1 N—H B M4aIRshm g ) ; 1732 Fl 1653 (Glu-NCA H 2 A~ 3 14 S 6 B A 45 41z 3104 ) 5 1169
(Glu-NCA ) C—O0—C M4 IR s Iiig ) 5 1450, 1500 F1 1586 ( A C = C 5 2R A1 45 4% sh451iE
WLSCIE ) 5 2950 ( HEFh= C—H B4R IR ShARE W2 i ) .

ZMSCHR[ 21 ~23 ] 97145 Lys-NCA. ¥4 5. 60 g(0. 02 mol) H-Lys(Z) -OH E¥% T 100 mlL Z R Z g
o, TR 2. 13 g(0. 007 mol ) = AWE T 25 mL LR AFRI , FEEIw - ins) = i 78 N, T
MR N 0.5 h, IR ERSER N 0.5 hy VARG N R A E I, 6N 80 fin 21 1E
Cher; v HIgs &, Tk, EUFHIEC ik 2~3 Wk, BT 1 d A GEIK 5.13 g, IR
83.8%. C NMR ( DMSO-d,, 400 MHz), 6: 69.91 ( CH—CO—O0), 156.93 (NH—CO—O0), 152.60
(N—CO—0), 136.23 ( &K ¥ ), 128.75 ( A ¥ ), 128.17 ( K ¥ ), 127.96 ( K ¥ ), 66.99
(0—CH,—Ph), 57.36( NH—CH—CO) , 40.00( CH,—CH,—NH, ), 30. 84( CH—CH,—CH,), 29. 12
(CH,—CH,—CH,—NH) , 21.44 (CH,—CH,—CH,—CH,—NH, ). FTIR, #/cm™': 3293 ( Lys-NCA th
N—H (R SIS ) 5 1732 1 1649 ( Lys-NCA H NI 1 SOt BRAB AR R 0% ) 5 1164 ( Lys-NCA
H) C—O0—C HZEHRSIM I ) 5 1458 FII 1542 (R C = C H2RAY L5 IR SIFFE i ) 5 2944 (ZE3R
= C—H WP 4aR e IE i) .

6-%F HUA R I%-B-CD (6-0Ts-B-CD) W il £ . 7ER KBS P IA 5.0 g B-CD (4.4 mmol) | F A fLEM
(1.8 g, 45 mmol) Fl 100 mL ZE1#/K, HEFEZSE2WM; WKIASRMT, MM TIA TsCl(1. 68 g,
8.8 mmol) , LN 5 h. 1B oK A TsCl, FH 1. 0 mol/L £ pH (% 6~7, vKIAH B 1174 ;
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RS, TEDEHZEMK PR 2 Wk, THEEIE 6-0TsB-CD 1. 07 g, Y% 18.9% , & BN Scheme 1 ft
7~. "H NMR(DMSO-d,, 400 MHz) , 8; 7.68~7.78(2H, ), 7.40~7.44(2H, %), 5.57~5.86
(14H, OH-2, 3), 4.70~4.88(7H, H-1), 4.32~4.51(6H, OH-6), 4.28~4.32(1H, H-6), 4.15~
4.20(1H, H-6), 3.17~3.70(40H, H-2, 6), 2.32~2.33(3H, CH,, —OTs).

A\ o + H3CO_S_C] _navn |
HOA -0 I
3 OH ) (6]

Scheme 1 Synthesis route of 6-OTs-B8-CD

6-en-B-CD [l % : ¥ 1. 07 g(0. 83 mmol) 6-0Ts-B-CD T 10 mL & i, 76 NA¢£9" &% 70 CF
PEFERONE 10 hy SOWMES RIS, Z8BRRER -0 5 TERIZUERE T, B ROz i 2 e b, g5 e 6
ULy FLVDEACK B aUIE R A S, MBI NE b, g, 5 RIS 6-enB8-CD 0.71 g, IH
72. 6% , 5 WEEZE AN Scheme 2 Ffi7s. '"H NMR(D,0, 400 MHz) , & 4.89~4.94(7H, H-1), 3.77~3.85
(7H, H-6) , 3.65~3.77(21H, H-2, 3, 5), 3.46~3.52(7H, H-4) , 4.15~4.20(7H, H-6) , 2. 80~2. 86
(2H, H-7), 2.64~2.70(2H, H-8).

Scheme 2 Synthesis route of 6-en-3-CD

1E MS iE K, 7E m/z 1177. 20 AL BRAHE > F 25 7 M+H ], 5ENSTHHE (m/z 1176.20) —
#, #*'J;lE;kT OTs #{ & R R B 5153 H A543 6-en-B-CD.
SFUHE (Chz) TR BAR R G 1 6-R [ R IEE-( R @M1 1R ) | -B-CD| Wil 5 M Chz i
B, 0. 02 g(0.017 mmol)6-en-B-CD 5 2.0 g(7. 14 mmol ) Glu-NCA F12.0 g(7. 15 mmol) Lys-NCA /’Hﬂ:
15 mL DMF, 7£ 25 °C Ko N A& FHEFERON 48 hy RN 5 HR)E , Bk mB A, B0 a5 H
CUTNE ; B T EUTVEH DME/DIEREEZS i, g, JEVFEZS TG, 18 6- R[N ERIL- (B A R-
fR) 1-8-CD 1. 14 g, W% 28. 6% , A HUEEZ U Scheme 3 7k, '"H NMR( DMSO-d,, 400 MHz) , §: 7. 05~
7.49(10H, Ha), 4.90~5.10(4H, H,), 4.25~4.20(1H, H,), 3.56~3.70(1H, H,), 2.89~3.00

0)
0 HNJLO
)L M 6-en-f-CD
):O + ,7@/\0 N 0 ; - .
H Ring opening polymerization(ROP)

(0]
Glu-NCA Lys-NCA

| c
N—CH NH C—CH—

%HM 5

x, x=1-6 O

Cbz-protected target polymer

Scheme 3 Synthesis route of Cbz-protected target polymer
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(2H, H,), 2.31~2.49(1H, H,), 2.07~2.30(2H, H,), 2.07~1.51(4H, Hg, H,), 1.34 ~1.49(2H,
H.).

REYRYEE Cbz F 33% (5050 HBr/HOAC BEER". K 6-F [ - (B ER-BE R ) |-
B-CD(0.16 g) % T 12 mL H TFA F1 HBr/HOAc (/KRR 1: 1) ARUMIR G W RN 6 h J5 , #SO
FIACEES, B, B RS B AR Y. B aaR s Tk, R AR R S v v
pH {E R 7~8, &M, VT 6-R (AR %R ) 8-CD 36 mg, W 22. 5%. A MEEZ AN Scheme 4 It
7k. "H NMR(D,0, 400 MHz) , 8: 4.02~4.23(2H, H,), 2.75~2.85(1H, H,), 1.99~2.20(4H, H,),
1.82~1.99(2H, H,), 1.70~1.82(2H, H,), 1.36~1.68(2H, H,), 1.14~1.35(1H, H,).

0O
33%(mass fraction) H & Il
Cbz-protected HBr/HOAc N—CH—C
target polymer Deprotection c
C
OH

Scheme 4 Synthesis route of the target polymer
1.3 ERBEEYWHSHEL
DAL 1x10* Cell BORRE, K ATk A H2 41 ( HUVECGS ) #2F07E 96 fLAR 3557 24 h(H55R 520
RPMI-1640, 5 10% FBS) 5, FHTEER) RPMI-1640 35335 (A F 10% FBS) PE 2 U, BFLFEMA 100
pL SRR BE B A W) RPMI-1640 55353 F 37 CHi9% 24 h. BRI IR, BLIIA 5 wg/mL MTT
(100 pL) TAERW, T 37 CHiFF 4 h. BERIEFREL, BALINA 100 pL DMSO 557 10 min, DAFGFR{GN
FE 570 nm FAF R IWOCEE, BASRE YR EEXT N 3 NHEE L.

2 HR5iTiE

21 EEREES A7 6-enB-CD HIRIE

P B-CD e lf okt , Bk fb & & — SR A D BR A B S 2 MR L 54 (6-en-B-CD ) 5 7E
IR - SE R A 2R I NCA TR G ARG TS, FLL HBr/HOAC JBEBR R3] Chz [543 5] B
REW [ 6-F (AR 2R )B-CD]. K E W 6-en-B-CD i 4 A3 Tk & 34 7T L
"H NMR 35 & A3 20158 . [ MS Kl 25 S e os , BAR TS & M+H ] (m/z b 1177.2)
SIS m/z 1176.2 —F.

WAL 2 S IRV ETS 2 Fhb RS FTIR Yehg (B 1) 3 — 2 #5E o 4524 6-en-B-CD. H
ol A AR B R E IR, FTIR, /cm™" : 839(8_y, #RHR), 815(8._y, #H), 1599(v ., KIF);
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Fig.1 FTIR spectra of 6-OTs-8-CD(a) and 6-en-8-CD(b)

Inset; characteristic peaks of benzenoid ring in 6-OTs-B8-CD.
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M 1358(v,, S=0), 1159(v_, S=0) K 1028 (v, ,, —OTs FIEFAEM L) ; 1333 ( N—H i 4 25 i
) ; 942( N—H SRETFNE M ) ; 3342 AEEA B-CD —OH Mgk g, F£H—O0Ts O 48k & e dk
B A= % 6-en-B-CD.
22 ERBEVHEHFIAK

HArR A Y MALDI-TOF-MS F I 45 5% (& 2) ®W], HEL SR (M,) L0 4626, 2R
(PDI) M 1.10, “FHREEL N 27. 1. BARREWIH "H NMR B (& 3) £, Hura 360 kSR 740
2 THEIN. FH XPS X AU e — 25 FAE. 1E A —Fh iy 2 2R st 208 38 45 1 1 2 5 ] [k figk %2
JRSE G, HXPS it N STZE Mg i Y & Z IR G W AE e £, WNE 4 LA, 7
HL P45 A REN 400 eV 4b, BT ZARIFECRIE N, RIHIZREW&A ZRAFFIETE N.
35
20
25F

4232

4745 Ha H.

201
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mlz o
Fig.2 MALDI-TOF-MS spectrum of the target polymer Fig.3 'H NMR spectrum of the target polymer

K5 A EDRB AWM EEE. FTIR, 5/cm™ : 1650 F1 1555 £ Bk — ZBER (O mERE 1 45 (v y)
FEERE 1147 (Sy_y) 15 1415[ A% B-CD e SE /T N 3 MR 30 (8, ) 15 1116[ 7 H LA 4 4 2l iz i e
(vew,) 15 3420( B0 58 W Wi, 22 RS v )y S0 B AV 408 IR Sl e (wry ) RO R A 4 4 ) I g g
(W)—H)J-

6600

6300 -

6000 -

Counts
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Fig.4 Detailed scans of element nitrogen(N, ) of Fig.5 FTIR spectrum of the target polymer
the target polymer

23 ERBEYN_REHHN

HTHBRREGWZETK, B EAKER T RS, R Je16 2 Ik h F 2 i
LUHAEFIIE A RN Jm i &, FEALHE o180 | B-IT & M B-Fe M. HARR G WTE KW i —
PIIZE 6 s, CD i (&l 6) 5 R in, HIrRAY/KE AR 196. 57 nm AbA — AR5 19 71 1% 1k
U, TAE 220. 62 nm A0 —/IN T8 9 IE W 0g . ORI JC RS A % CD B, R ERREG
PIAE K i S5 R 1T e R TR 2R IR A
24 ERBEVHEINENE

Ll HUVECs ZHMIh 48014, SR MTT I5 548 R R A Wi iR sbaett, 258 s 7 ME 8 Fin.

MTT A2 H (] 7) 8, BIEE RSP IE R 5 meg/mL FEOLT, 40 A7 TG R AL AT 3k 94% 22
4 BEERE YR RAS AL, A0 A A0 L3 B AS ; MTT 2% 285 iy (4% 2 ¥ HUVECs B F
(B 8) tikse, Fig 1B KN (5 mg/mL) FIEEMEf/INK (0. 01 mg/mL) Z IR0 P & LT84 B 3%
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3 (220.62, 0.88) 100
= 0 S e — 80
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Fig.6 CD spectroscopy of the target polypeptide Fig.7 MTT assay results of the target polymer at
in water different concentrations

(B)

Fig.8 Representative HUVECs pictures of 0. 01 mg/mL(A) and 5 mg/mL(B)
for the target polymer in MTT assay

2550, HARRLTF A ARET RORAS, RIIZABNE A B W 0 RSt it 75 1

L ATk, LA B-CD i hn 5kt it 6-OH AT HRERIEIL AR | £ &SR 5 5 B 2 h
[ {4 6-en-B-CD; LA 6-en-B-CD 1ENTFIRG| L7, LR A IR S Lys-NCA, Glu-NCA FlJiit Chz %
W R AP BRAR B BFR R G 6-F (R &R -E TR ) B-CD. FIREREY, B R EWREL /> 7 &
4626, ZrHUARE(PDL) N 1. 10, PG R (DP) 2958 27. 1; 1E/KER T ARG WH — 945
SETCHUNZR A L5 ; TEREWHE N S mg/mL IHEN T, QAR R 55 94% L) |, %A SO R
PRSI, XA LL B-CD % LAZ KR SV BRI G, B RAFI A Y AH 2 F ARy ml
fife, M AR TCRE, AR 2 TR

2 % X M
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Preparation and Characterization of Star-shaped
B-Cyclodextrin Based Polymer'’

YANG Qinghua'* , WANG Longgang”, LIU Jie', LU Yong®, CHEN Tianyun’
(1. Department of Pharmacy, School of Biological and Medical Engineering,
Hefer University of Technology, Hefei 230009, China;
2. Department of Chemical Technology, School of Environmental and Chemical Engineering ,
Yanshan University , Qinghuangdao 066004, China;

3. Department of Chemical Technology, School of Chemisiry and Chemical Engineering ,
Hefei University of Technology, Hefei 230009, China)

Abstract B-Cyclodexirin with terminal amino moiety ( 6-en-8-CD) was prepared by B-cyclodextrin (B-CD) as
starting material through sulfonation and ethylenediamine substitution. Then, the target polymer
[ 6-poly ( glumatic acid-lysine)-B-CD ] was obtained by ring opening polymerization (ROP) of glumatic acid
and lysine N-carboxyl anhydride ( NCA) and deprotection of benzoxycarbonyl ( Cbz ), with B-CD and
polypeptides as its core and branched arms, respectively. The characters of the star-shaped polymer and its
corresponding intermediates were determined by matrix-assisted laser desorption/ionization time of flight mass
spectrometry ( MALDI-TOF-MS) , nuclear magnetic resonance( NMR) and Fourier transform infrared spectros-
copy (FTIR) , respectively. Moreover, the secondary structure and the cytotoxicity in vitro were also detected
by circular dichroism(CD) and methylthiazolyldiphenyl-tetrazolium bromide ( MTT) assay, respectively. The
results showed that successful synthesis of the target polymer and its intermediates was achieved, and the
molecular weight(M ) of the target polymer, polydispersity index( PDI) and average degree of polymerization
(DP) were 4626, 1. 10 and 27. 1, respectively. Furthermore, the secondary structure of the target polymer in
water was random coil. The cell viability of human umbilical vein endothelial cells( HUVECs) could reach over
94% when the polymer concentration was up to 5 mg/mL, exhibiting no cell toxicity in vitro. In conclusion,
our studies demonstrated that the polymer had potential applications in pharmacy industry.

Keywords  B-Cyclodextrin; Ring opening polymerization; N-Carboxyl anhydride; Star-shaped polymer;
Biocompatibility
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