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Scheme 1 Synthetic route to dendrimers CP and CPS

1.2.1 GO.5 CP iy &

¥ 2.0 g & Z e 3 WS (EDA-B-
CD) " F pRoK v s i e R IR0 20,0 g IS
i W g (MA) , oK K 3 HP B FE 30 min J5 3% 8 7 &
RPN 24 h T 5 7% K R 2 R R 1 MA
T FR L e 4 YT n I T4 P B TR R R, BT
o A, S g o ir A5 1 1 A R e o S P
SIS W 38 P 0 TR R R, 28 3 - DO R R R Al S B
2T, 8) 2.5 g KA @ E K. H-NMR (400
MHz, D,0, 8): 5.11 (H1, B-CD), 3.87 (H3,
H5, B-CD), 3.68 ~3.62 (—CH, CH, CO, CH,,
PAMAM, H6, H2, H4, B-CD), 2.79 ~ 2.55
(—NHCH, CH,N < ,—NCH, CH, CO—, PAMAM);
IR (KBr, v, em™'): 3400 (s, vy 4 + vy u)»
2966 (w, ve ), 2843 (w, ve_y), 1736 (s,
Veeo) s 1641 (s, vey), 1439 (m, 8, ), 1030
(s, ve_p)-
1.2.2 G1.0 CP A&k

1.0 g GO.5 CP i fFAE B W% 12 g

LR (EDA) , vkoK i g+ 30 min J5 2 i 7+ 2
TR SN 48 h, P ZE R R 25t i Y EDA R
T, T 0 200 R I S DRI 8 1 A PR o, AT e
o [ A, 08 S 2 PP VA fige DS T T 3 9k T A R
B2 TR 55 0.8 g B £ [H 44
1.2.3 GI1.5 CP~G3.0 CP [l & %
ARy, 42 I8 GO.5 CP Fl G1.0 CP )
Sege IR LA RS, 22 5 N M R W R Al &
TN, A48 E] G1.5 CP ~G3.0 CP W™=, 45
P R AE 0 WL 1.
1.2.4 GO CPS (4 1%
¥ 6.0 g KAGEEIE R AE TCK S BE, T ¥
W5, ZHMAF 1.0 g B-CD-EDA (GO CP) /K
Wb SRJE T -2 CHURE R 33 h B b ik i 20 AR
L ITE I IE J5 B DMF 5 i, 26 0 52 15 fl—Hr 1 42
dir= Yy e Has T A E] 0.1 g R [ k.
1.2.5 GI1.0 CPS 1 G2.0 CPS (& 1%
G S GO CPS &L, HOt 3k £ 4 an
#1.
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Table 1 'H-NMR,'3C-NMR and FTIR data of the CP and CPS
Wavenumber (¢cm ~') or §
Spectrum
G1.0 CP* G2.0 CP* G3.0 CP* GO cps® G1.0 CPS®  G2.0 CPS”
—CH=N— — — — 8. 40 8.43 8.45
—CH= CH— — — — 7.48 ~6. 82 8.10 ~6.84 8.16~6.83
(OH,, OH,), - — — 5.76 5.90 5.90
HI (B-CD) 5.04 5.02 5.02 4.81 4.85 4.86
nyp 13 HS, H6, H2, H4 (B-CD)  3.90 ~3.44 3.90 ~3. 44 3.87 ~3.44 3.80 ~3.04 3.80 ~3.32 3.80 ~3.32
—NHCH, CH,N =,
—NCH, CH, CO—,
3.44 ~2.17 3.44 ~2.15 3.44 ~2.18 3.04 ~2.40 3.50 ~2.10 3.50 ~2.10
—NHCH, CH,N |
—NHCH, CH, NH,
>c=0 171.56 171.82 171. 80 — 171. 16 171. 67
—CH=N— — — — 166. 17 166. 17 166. 68
161.01 ~ 161.82 ~ 160. 88 ~
—CH=CH— — — —
116. 58 115.94 116. 56
€1,€2,€3,C4,C5, 102,46 ~50.37 102.59 ~52.26 10262 ~52.56 0> 10~ 10131 ~ 101.33 ~
13 . ~ . . ~ . . ~ .
C-NMR €6 (B-CD) 50. 05 57.30 57.93
(DMSO-dg )
—NHCH,CH,N =,
—NCH, CH, CO—, 50.05 ~ 49.05 ~ 52.09 ~
48.79 ~27.60 50.24 ~28.61 51.64 ~29.41
—NHCHZCHZN< , 30.79 30.27 33. 14
—NHCH, CH,NH,
Un_s Von 3424 3438 3438 3325 3310 3347
V=0 Vo= — — — 1636 1636 1636
Vo 1650 1650 1650 — — —
FIR (KBr, Sn_u FVc_ 1540 1540 1540 — 1557 1555
em ™) Sc_n 1455 1460 1460 1455 1457 1459
So_n — — — 1274 1274 1278
Ve o 1035 1035 1035 1035 1035 1035
O—¢ — — — 753 754 755

* The solvent in' H-NMR is D, 0. "The solvent in' H-NMR is DMSO-d, .

1.3 CP #1 CPS 5 BSA W EER

TE 2% v %5 W 19 il & < BL ] 0. 25 mol/L ) Tris
(=¥ B R Z & H %) 1 0.05 mol/L EDTA-2Na
(it 25 W, VR A S5 W1 pH =7. 4, Tris il EDTA )
29 BE 435128 10 mmol/L 1 1 mmol/L.

Bt 200 wg/mL ) BSA {9 TE #5110 7°
mol /L ) AN [7] 24 53] B N [ AR B0 bR A 437 1 i 4%
VW, 17 3 mL 200 pg/mL ) BSA [ TE %5 H
Tl HERE B 1 AR E 9 10 77 mol /L (441K 43
THW L, IMALL 20 WL Sk 57, K5 F X BSA 1
PR RE 52 AN & 4 s IR SR = TR )
KRS AT N 5.0 nm, BESB A 1T em
x1 cm x4 cm A7 92 FE 501

2 GRS

CP 1 CPS &R 5 &R
T TR Tk g - i % B3 1) 5 i b, B I IR R B (]

2.1

I 0 B FH X B R I R R TR B
Micheal Jill A A& A= 386 52 7 R B Ak & A= i) s T
5 3N IR B W T, 0T e 4 U R ) 25 3 3 —NH, 1
A G 2R B B ] 5 5, Micheal i AR R B B £k
AN S8 AT 52 W) 7 ) 1) 245 4 R 7 2385 [ h &
TR SR PR R R B Y A e, 4 S B
53 PN A BN AL AN 58 4 Rt AR S B0 A
Tl B 2R I o -l % By, 2 IO L B2 38R T 25°C, O
Wit o A SR 1 s Ry B T R 02 ) ) ek 0 B
BTG . BN S5 R R SEAT U AR 0, R ]
B 4 o 2 aok o 9 B IO SRR, B Lk R B 25 A R
2P ORI AT BN AR AR AR B 7 W, k)
() &l 85 7 A S ) 7 Ak B R TR P DR 78 0 R
Fead it FORLAN 38 R W R — T R O i
IR f At

Bl 1(a) & G0.5~2.5 CP s ik, #
1(b)J& GI1.0~3.0 CP L 4P i Rl Bl 1(a) h
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BB 1747 em T B R T GO.5 ~2.5 PAMAM
PEYIE R C = O B4 IR 3h 51650 em ™" (ff ik
Jiie 13 ) J& B 1) C = O a4k 3l 7= A= 1
1540 cm ™" (P ERE 3547 ) & 1 N—H 25 il 3 2)
HC—N fi 4 4 3h 41 & W Wi ™= 4= 1. GO.5 CP |y
TAFAEBE NG, Bt LLAE 20503 I v OR %A X
P0G (B 75 20 R 02t T FRBDRS 43 76 1650
em ™' BT AEAE B-CD v R T PN A5 R ) A W i
g, Atk GO. 5 CP 7E 1650 em ' Ab 475 A7 W g . 4]
1(b) 1 1650 em ™" BT [FIAE B8 T BEREHE T C =
O (4 I 3l , 1540 em ™" [ 30 & 7% 1 M g gk o

—NH—{) & iR sh. X L& 1 (a) FIE 1(b), 3%
1747 cm "R 1438 em T B R T GO.5 ~2.5
Gy F R EE C = O 1 4 4k 8l i R —CH, 119 S 6F
PR il 4R s W lic e X R A i GO.5 ~2.5 3] G1.0
~3.0 MEE AL, & A T TR I I Ak R R S A
H1 T SRR (97706, 3400 em ' BRHIT (4 55 I 0 04 )5
MRS 2 7+ —OH i F1 G1.0 ~3.0 CP 4> T
HrAF Bz (—NH, ) 9 1 45 9% 3 W i i, 1035 em ™' 4k
BT 0K R AE U0 ( C—O A 47 B 2 3%
i), L2 W A e ) ik FBE il AN T A B B R A
AN E A 2 5.

1540 1035

Y1540 (1035

a 1747 b 1650
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™) Wavenumber (cm ™)

Fig. 1 IR spectra of CP dendrimers with generation 0.5 ~3.0

Kl 2 & CP Zid K RERCIE Jm 1 7= ) CPS #Y
ZLAMGTE , IR b AT L, K A I 45 A BRTT B R FR
h—C = C—fit 7§ 3 W Wt BEAE 1636 em ™", [F]
750 em ™' 22 A7 BT AR A BURR (9 55 26 B T
T AN FE AR B

Pl 3 2R AL AL CP " H-NMR, [& e 0l

3000
Wavenumber (cm ™)

4000

Fig. 2 IR spectra of CPS dendrimers with generation 0 ~2. 0

A3 F T 2 A S5 R BT IR 0 SR ok e - e T T
() H W AR 43 25 AR 22 N RS TE 8 =3.44 DL Il
POMIKE B T0 B T T 06, 6 = 3. 44 DL B9 Bk ke
JHiz 1) S0 R 3L 5 -

G0.5~2.5 CP ()" H-NMR 1, jx T 6 =3 ~4
IRRIRS A1 6 =2 ~3 2247 W 3 i 1 19 o g A0, AE

~CHCHNH e, cH,c0-

Solvent
—CH,CH,N<

—CH,CH,CONH~-
>

—CONHCH,CH>~

H2~H6(B-CD)

G3.0CP

HI1(B-CD)

G2.0CP

Fig. 3 'H-NMR spectra of CP dendrimers with generation 1.0 ~3.0
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8=3.7 A Bl T 5 1a B AH i Y HY R o 1 0 i
7 G1.0 ~3.0 CP (' H-NMR r}r, Jig 3 | iy —CH,
Wy g . 7' H-NMR #1,G1.0 ~3.0 fiy CP £t SA
MM TE 6 =T ~8 A b ik th B T AR IR BT 1Y
g, DL K 8 =8.4 £ fi—CH = N—"1 Jii F [y .

FE"C-NMR 1 (b2 % 6 =170 47 BT
P C i, 8 =52 ~ 100 ] 38 T B-CD
R C I 6 =28 ~50 HrE] i B T PAMAM
IHEEH Y C R iy Y. CPS 3B 7E 6 = 115
~167 Hrfa)id B TR AE b C RS0

2 45 T AR K5+ CP K CPS il
PRBE(D. S, ) K BEIR &, i T8 R RO 23 7 72
1E £ e B i WK (EDA-B-CD) |/l GO CP i1 K
fili b=, 28 Micheal Jil i il B £ 58 5 2 i 45 2119
HAy 0 B JR Tl 1 B E AR DL S AR IR
BARE MR B EE D.S. " i H-NMR %
AN TR) JBT - 1 FR 43 T AR E . B 5B R E EDA-B-CD
(GO CP) AL , EDA-B-CD (GO CP) 4y T h %
B =4y, HBOR B B H-NMR #h g-CD HI 5 2,
R ep o Y 3 b B i AR T R L O, 23 OR
1R HUR 2R 6.5, Ik it EDA-B-CD (GO
CP) [ B8 /R i & 2494 1408. 51 g/mol. %t F GO. 5 ~
2.5 %%, fy 'H-NMR f B-CD HI i 755 6
=3.7 A4 0 BR AR B0 YR 5T 1 AR T AR B R
JE . KA B CPS U FEE W MR 4l —CH = N—
BT 0 T R A

Table 2 Molecular weight of dendrimers CP and CPS

Generation D.S.* Molecular weight

GO CP 6.5 1408. 51
G0.5 CP 12.0 2441. 59
G1.0 CP 12.0 2946. 55
G1.5 CP 25.6 5150. 45
G2.0 CP 21.0 6034. 13

GO CPS 5.4 1970. 65
G1.0 CPS 12.5 4247. 80
G2.0 CPS 20.0 8116.13

*D.S. (substitution degree of dendrimers) calculated by' H-NMR

2.2 CP#1 CPS 5 BSA 9B E1EH

H TR TN 58 LA AG A % 19 3R T e -
BOR RS> 75 BSA (i /E FHALEE, AT B 552 T
LGS #4 1) LA 20 i A A% 1 5 I g - ( PAMAAMD)
B HOK G REE i) (PAMAMS) ' 5 BSA #4111
VEF . ASTRIZE 00 B A R AR 0 3 R K 43 7 % BSA
14 2 % 52 ) Ay Ik 5 5 L 3.

BSA 175t F ok A T 40+ W 0 2 IR ik 3

3000

2500+

2000+

1500+

1000+

Fluorescence intensity

500t J9

0

320 340 360 380 400 420
Wavelength (nm)

3000

25001
20001

intensity

1500} J

1000

Fluorescence

500F

320 340 360 380 400 420
Wavelength (nm)

1000

800

600

400

Flourence intensity

200¢ 4

300 350 400 450
Wavelength (nm)

Fig. 4 Influence CP, CPS and PAMAMS dendrimers on
fluorescence spectra of BSA

A) Fromatom: ¢c(BSA) =3.0 x 10 "® mol/L, ¢(G2.0
CP):0~1.2x107° mol/L; B) From a to j: ¢(BSA) =
3.0 x10 "®* mol/L, ¢(GL.0 CPS) : 0 ~9.0 x 10 ~® mol/L;
C) Froma to j; ¢(BSA) =1.0 x 10~ mol/L, ¢(GI.0
PAMAMS) ; 0 ~1.8 x10 ™* mol/L; A, =295 nm

I €0, R 5k HE Y O A0 B 52 1 & KRR K 43
5 BSA WPERT, M & WK R 295 nm B, 7
ST Y W TE 348 nm 24y K 4 278 pH =7. 4
9 TE 2 phigs Wl 2 , A 7 ¥k B CP, CPS Al
PAMAMS X} BSA 22650 B (0 52 . 1] LLF H, X
YT E T BSA ZEGHE K, 3% Ul W
H 4y F Z I8 A7 7F 2 A B AE . 3 R AR AT L
Stern-Volme J57 20 (1) SRR
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F,/F =1+ K_[0Q] (1)

Horp JF 3278 RN 43 110 BSA 56k &, F

FIMALLJE B2t B, Q1 m Ak 2, K,

J& Stern-Volme J7 2 (1) 14 K 5 4, K, B8 K 13 B &
53 F R BSA 22 [] (4 AH AR T B

RTIGIHT 5 KRR KBBAR KT K,

G TR =Y 3 VNN e 3 | P O ey T ~ AR

Tt e - e PAMAM Je /K A7 i & i ) PAMAMS ;

B-CD g% ) 5 Wt Wic-fe CP S H K 4% B 18 Wi )

CPS; 7R 3 43 5 Ay ¥ 35 148 1Yk i 1 3% ok M- e
(PAMAM-OH F1 PAMAM-PC). M 3 7 i 50 35 v
AT L, 7K B 0 i S AS [ 4 50 L3R B 0 b %
B CP FLLZ — B i B i) PAMAM il BSA 2 [i] )
AERRMVER. BT 2B KX BSA (18 25
FEI s EER /N T 200 L/mol T A< 5256 v 1) 448 K
KT 200 L/mol ™ LK 4> T %) BSA 585
1 5 ) J T R A K

Table 3 The stern-volmer constants of the quenching of BSA fluorescence after addition of different dendrimers

Dendrimers K., x10"*(L-mol ™) Dendrimers K, x10"*(L-mol ")

G1.0 19.40 G2.0 0.06

PAMAMS G2.0 29.98 G3.0 0.14
G3.0 40.30 PAMAM G3.0 0.11[%

GO 0.95 G3.5 0.3821

CP G1.0 17.92 G4.0 0.84.2!
G2.0 21.53 G6.0 2,572

GO 123.71 PAMAM.OH G4.0 0.29!21)

CPS G1.0 231.56 G5.5 0.78'2
G2.0 279.85 PAMAM-PC G6.0 4.8512

F AR R, UL B-CD 4% i 3R B - CP
LKA Y CPS 5 BSA B 1 15 55 19
Ha BT LA e o A i SR T - 26 AL, B K
Wt A5 38 g g O, (W] R L B-CD O % B B
T i - FHe 65 R IO 2 0310 19 LA 20 - Je kg A g R Tk i - e
K (HRAT 2, n] ULRE PRMIRS LLAZ (9 JE 551 AR
o3 RE BRI B2 B 9 O BSA A AR AR A
EA MBI 45 R R WL A pH =74, 5 F 9
B A W B IR T T4, 5 55 BSA Hh SR ik
Je A AR L, 9 HBE 3 1RO 35 0 2 2 1 £ H
AW 2 A AR IR 2 Ok AR, I K
19 RN B A 2 A v i 2 2 19 % BT Bk 7 1Y
T3 M, Al BE R h T ERIDRS 20 1 B WA
SERIRS T SCAERAR K9 7 19 00 1B A .
S X TR Y CPS 55 BSA B8 i 11 ] 1
BLA P T2 7k 5 BSA 1 & AR T R R

fR R K A S 5 BSA Hp (8 S R 5 5 1| Wik 36 &
A () ar-ar 4.

3 i

ASCA BT AN FEARECLL B-CD Ay A% 1y 2R 1k Jie -
B AR K G F CP I X6 B AR 43 19 K i B 16 AT 3k
FTECHE A BT 3 Al 8] AR 7K A T o 1 2
Jiie-fie CPS. 3l i 22 6 6 ik $ R 43 #r T CP il CPS
5 BSA WA EAE M, 45 R R W, PR RDIR K 75+
Xt BSA %% 1 52 i JE T #R AR K, BB K E B
K., B % B 1 R 1 K. 53 Ah, B-CD Sl B i L)
T A i 7K Ay T B 1) B AR K 43 7 1 K, L2 B &
LA 2 Z % R B i) PAMAM (¥ K K, %] B-
CD R 53 DL BoK i 7K A7 T 19 A A RE 8 b 25 1l
HaRR AR 737 5 BSA 4[] i AH BLVE .
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SYNTHESIS OF POLY ( AMIDOAMINE) DENDRIMERS WITH
CYCLODEXTRIN CORE AND THEIR
INTERACTION WITH BOVINE SERUM ALBUMIN

Yi Huang', Qiong Kang >, Wei-feng Li’, Yong-hui Shang', Lan-ying Wang’
(" School of Chemistry and Chemical Engineering, Xianyang Normal University, Xianyang 712000)
(* Key Laboratory of Synthetic and Natural Functional Molecule Chemistry of Ministry of Education,

College of Chemistry and Materials Science, Northwest University, Xi'an 710069 )
(* College of Pharmacy, Xi'an Jiaotong University, Xi'an 710061)

Abstract In this article, our main goal is to establish a novel functional poly (amidoamine) dendrimer with
cyclodextrin core for further application in the complex drugs delivery system. Therefore, the different
generation poly (amidoamine) dendrimers with a core of cyclodextrin ( CP) were synthesized via the divergent
approach by using ( aminoethyl) amino-8-cyclodexirin ( EDA-B-CD) and methyl acrylate as the starting
materials. Then the CP modified by salicylaldehyde ( CPS) having different generations was obtained by co
molecular interaction of various dendrimers with bovine serum albumin ( BSA) was a investigated by
ndensation reaction. All of them were characterized by 'H-NMR,'*C-NMR and IR. The molecular interaction
between various dendrimers with bovine serum albumin ( BSA) was investigated by fluorescence in buffer
solution (pH = 7.4). The results show that BSA fluorescence was strongly quenched by the two types of
dendrimers. As shown by K_ values, the quenching mechanism was a static quenching one, and the data
increase with the increases of generation. In addition, the two types of dendrimers ( CP and CPS) possess
higher interaction ability than the corresponding dendrimers with an ethylenediamine core,which indicates that
the dentrimers with a core of cyclodextrin and end groups modified by salicylaldehyde can enhance the ability
of interaction between dendrimers and BSA.

Keywords Poly (amidoamine) dendrimer, B-Cyclodextrin, Bovine serum albumins, Fluorescence

quenching, Molecular interaction



