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Oxidation of catechol catalyzed by p-cyclodextrin-Cu( II )
complexes and its reaction Kinetics
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Abstract: Two kinds of B -cyclodextrin (B -CD) derivatives mono-6- ( N-histamino ) -6-deoxy-f -
cyclodextrin (6-His-3-CD) and mono-2-(N-histamino)-2-deoxy-f-cyclodextrin (2-His-3-CD) were prepared
by reacting 3-CD with p-toluene sulfonyl chloride, displacement the monotosylate with iodide, and finally
the reaction of cyclodextrin iodide with nucleophile L-histidine. From these derivatives, the 3-CD-Cu( )
complexes (Cu( ][ )/6-His-3-CD, Cu ([l )/2-His-3-CD) with polyphenol oxidase (PPO) activity were
synthesized. The derivatives and the complexes were characterized with elemental analysis, Fourier-
transform infrared spectroscopy, nuclear magnetic resonance spectroscopy and atomic absorption
spectrometry. The complexes were used as catalysts for the oxidation of catechol using O, as the oxidant,
which was monitored by UV-Vis spectrophotometer. The effects of temperature and pH value on the
reaction were also studied. The results indicated that the PPO mimics exhibited high catalytic activities. Cu
(11> /2-His-B-CD showed higher PPO activity than Cu( [ ) /6-His-B-CD. The kinetic studies showed that all
three factors, the hydrophobic environment provided by 3-CD, the Cu(]] ) bound to the histamine and the
base catalysis contributed to the PPO activity.
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B-¥HiKE (B-cyclodextrins, B-CD) J&Hi 7 4>
Dt g 7 25 4 2R 0l 1t -1, 4-BH T B R AN E TR
IIEZ RN e 7/ I = = & S g a1 70 g -l
TEFEVE A5 FE RLE Y . o n] DI A 1 2 48 1 1)
Jikgl AL T B8 BRI, T A RN T A% A
MR OB R RSN . B-CD K
HAT AW AR AS 2) 7V 20 S, s
(9 H RS2 Ak AR A AL e R vE & — PR B A A
TR v MR IR T, B R
Wi & DS B T . B-CD HEAL S I . 25 SR Y
eV 5§tk B-CD = JE 4, F5 H KA R
5 AR B RE )AL BE A2 A AL

Z iy A AL B (polyphenol oxidase, PPO) 2
%KL R G B 1) % — PR R B &2 R B . T2 AFET A
SRS, AT LATE IR AN 2R T e s A AR R — i Ak
A AR . — ELR AR TS RO X 2 1 4
PR 1) fh 2 B 2 — AN B PR TR . 7
AR . AR B i B-CD #YSH —mH (C-6)
BB AR RLY) . JF X AR RRHEAT TR
W,

KEK B-CD AL IE MR 551, Ak 3k A 1 2 ol
FIAAE m AR RE ), BT O AL 2 H IR, A
SCHETE 22 B 48 A T v S o0 S8 A T 1) 26 Je 5 A 1) 5
AF B-CD W5 —m (C-2) L, RF#HE P15 Cu
(D 245, 2 Db iy B-2R WIS -CuC )
BC & W ROR EAF B AY , B8 TR KNG
G B AT A WAL SRR B S AL SO A PR RE . O XA
S Bl )y 2 AT ARV

1 EB#H

1.1 ERS5iKH

B-AMIKE (B-CD), A ki, 78 E Wacker
ONE), FHETE S SR al 2 K. 1E 90 C T B A T4
12 h; XPHZEREEESE (p-TsCD, fh2eah, HZj4%
b2 AR R A F . ATE Okt sl L2421
(L-His), #fbik 7, 26 B Sigma-Aldrich 23 #;
R Wy, b, B = EUKHE RA A
N, N-Z“HEHER (DMF), #iiC¥E%k T8
ARRAF S malif, gifE=99.995%, HiIlmfbse
ARG RA R B (6-2 e F-6-i 60D -B-3F Ml
K (6-His-B-CD) H1 CuCIl) /6-His-3-CD 4 Jy 5z

B [t b BT R R R 2 A Al
EE KM ET S IR ZE R .
1.2 (X8

i B AR 2T ARG 1% J3 AL (FTIR) . Nicolet
5700 B, 3 [E A F] ;T RE 2L PR RS A,
AVANCE AV400MHz %, f#E Bruker 2N ®; JG
=04, Vario EL &, f% [E Elementar 2 fA;
LEHNSERE AL, U-3010 B, AAHSLAF; %
AN-BT IL 43606 BE 3, Spectrumlab 752S B, | ¥
BICRH A RA A K% R 3T, Delta 320 #4,
Hin 1+ Mettler-Toledo A F]; JEF WUk YEREIY, Sol-
lar M6 #, 2 # B A #F; B F 480 XF,
AUY120, HARHEA A S HGCE A8 ) 5
FEdr, DF-101S 8, i H AL & s A RA Al
BB ML, Hettich-Mikrol20 B, £ [E Hettich
ARSI
1.3 ML ERBITEDHE &
13,1 3-(2-O-2F W R BE A -B- SR M AF (2-OTs 8-
CD) 4  # 8 g (7.06 mmol) il 4 Pt iy B-
CD T 320 ml (0.15 mol « L™ ') f NaOH .
HhhK 8.0 g (41. 97 mmol) p-TsCl x5 T/ E 4
i, TEEE FEma Lk 3-CD . widEt A
Wi 1 mol « L™' A% NaOH % & LA P8 $F I W i
pH=12.5, 3 h WMokt 1 h, 0%
M HAIA 1 mol « L™ HCL th Flid & iy w . Jf
Lk, UE LD wm AR p-TsCL, % H 3
FEAGENTE . WUEZERR KE /K G A 400 ml H
B, WEANEY. WEZET, mYE TR0
Hokr, WiE TuksEocE 1L IR UUE .
UEWR I 25 T, NER GRS, flE, 40CTF B T,
HRERACR= P, WA 470, JCR ST S .
C 43.70%, H 6.15%. # A :0 (Cy Hyis Oy S -
3H,0) HEAE: C43.99%, H5.98%.
1.3.2  3#-(2-8 2-% 8O-B-FR ¥4 (2-1-3-CD) 49 &
A 1.0 g (0.77 mmol) 2-OTs-3-CD & F 40 ml
DMF Hr, fin Asd#t Nal, SOWHEE/REA n (NaD
n(2-OTs3-CD) =101, 90CFHFE RN 5 h,
PR, FE 40 CTF W R ZE T3 Al e %A
PIEAYE S 3 K, BR AR Nal, ¥ iy 15 [E 74 %
TP EAKY . AN SIE, 40 CTFHSS
T, SR B AR Y, R 85, T
FOMroifE. C40.59%, H 5.72%, &k
(CiyHs Os D 3H8RAH: C 40.51%, H 5.55%,
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1.3.3  3#-(2-28 B 3 -2-BE B)-B-2R ¥4 (2-His-B-
CD)#g & A ¥ 1.0 g (0.8 mmol) 2-1-8-CD ¥ T
40 ml DMF Hr, fin A &0 - 2R, 0 )
KA n(L-His) : n(2-I.3-CD ) =10: 1, ¥
60°C. N, 4P F R 24 h, ¥4 = N5 15 2 9 & il
WL U8, BRZVUNE, UEWRTE 40 CF Bl 28 18 2 BR
VR AR A IR T B R . A AR T
K EFHFEBR I E , 22 K45, BIE
B &Y, R 0%, LRSPELMME: C
40.9%. H 6.51%, N 3.02%., #& fk % =X
(CyHy Oy Ny« 8H,O) % {H: C 41.1%. H
6.78%, N3.1%,
1.3.4 B-FM#H-CuCll) B s (CuCIl)/2-HisB-
CD)# 4 ¥ 0.137 g (0.1 mmol) 2-His-3-CD
oA 25 ml £k, PL4X10 " mol « L' i
LLRWAEFE RN . TERE I HE R E T . B mA
25 ml 4X107% mol « L' CuSO, W . TH e
K, 5. 0mols L7 HCl #1 5.0 mol « L' NaOH
PR 2 s pH, BPA3E] 2X10°° mol « L' B
WIAE 2 & @ s B st . SR A IR i 3 A R
FIRWOCTE B & i &9 . R4 8 B 5 ik
MR 1.0, BD 1 AR5 14 CuCll) JB
BB
1.4 WHMBAEERITEYREEIEN

FORIRE 25 4 JB AT A= 0 1 0 MR 4 Y6 Ol B vk
FrizE . 765 ml HIEM BB (N 42 10 mm)
. AR 4.0 ml 0.2 mol « L' [ @R £h 22 v
W 0.5 ml0.05 mol « L " HYARAE — By i W M1 0.5
ml BIEFE R, BHESOLEA O, R ER
0.1 MPa, JifE 35 ml+ min ', 75 ZHE K
K. MG A O, 1 B2 3EBF, A 1 min B
B, B (B3 10000 r » min ') 3 min, B EJZE
HW . AL IS OKFR, FL12 0.45 pm) i 8
s BB RO A LA I, fE
POE R 35 C, BOE A 410 nm Tl E Sb AR &
I R, 25 2 DL HLO OB MG 254 B 1
AW TR AR I BR 25 AR R AR A BRI R
RGBT EEWAFAE SR AT AL O . Ry FE X
'

OH

(0]
B cD-Cu(1l)
OH complex:s Y
2 +0,———= 2 +2H,0

1.5 REZFHNTHMBEXEBITEYEENZN
1.5.1 pH sTEZ MM £ 2 BATE MBI T
W JR0.1 g IMIKG R & mATAEY) . T pH=6.5~
7.5 89 5 ml G b AL IR RO 15 min,  HURE
ME R M#EZR, pH H 0.2 mol « L' NaH,PO,-
Na, HPO, Z& i 1l .
1.5.2 BEMIMFREBITEDBEALTHNF
o 0.1 g MR KRG BATAY . Bl TE 20,
25. 30, 35, 40, 45C T ALK K % 15 min,
SEURE I 2 B2 48
1.6 HAZNE

S TE AR 2R R B2 K T IR 25 & R AT AR
W 10 5 LA B 20 kAT, 4R UE— B Ab B
SCERIRIE Ry 35C, pH=7.0, [&&EHMIEERE R
AR E N 2X10 " mol « L', FI4b-AI UL
SPVEEEETEF 410 nm Ab PR B A AL Y AR R R Y
W BE B ) R A2 L . ARG v—=dc/dr= (dA/dD) /e
RN PR E A o, Hp, c B YWkE. A
REYIRSEEE . ¢ AEFE], e M EER O R K. 7E
JEWWE S 2X10 *~2X10* mol » L 'JEHE W,
Mg Z A B (dA/do) E#HAIT LR G153 o,
Fr A 00 b SR AR AR XY Oy 3 SR B 45 R P HA 1

2 HRE®

2.1 INMIRBEESEITEYHN FTIR 547
Bl1RIFWIRE A A FTIR 58, 5
B-CDY #r E#5 B (i £ a) M I, 2-OTs-g-CD
(4 b) £E 1598 cm ' B3 B0 1. 4-HUAR R A 1Y
C—C 3 fi 4 4% 3 W&, fE 1368 cm ' fff 35 4 3
S(=0), AXFRM4E I 0E, 76 1178 cm ' [ iz i
IES(=O), X R 45 ¥ Zh e, 7E 840~769 cm ' 7
SO CMgEdRshg., Uil Ts 3 H & 2Bt
B-CD Liy¥edk, #E#E T 3-CD 4 Fry C2 JiF
o FE2-1-3-CD W er bt il (4 o b, Ts
JE T REAE W Ui 3 2K o TR AE 1350~1120 em™ ' {E
FEL N S BT AR A o 1) I P L B 43 01 B 5 Y
12k d y 2-His-B-CD [ 2040 ik |, FHor,
3100~2200 cm ™'y 20 44 H A N—H A fi 45 4% gh i
1630 em ' IR ER T IR IE A IR B 0%, 1590 em 'R
AMFRBRBIRE T (C=0), MgiiEshig, 1415 cm !
KR FRRIRIR B 7 (C—0), iz, 1342 cm !
S C— N 45 i s, 15 B-CD Z4d 2-OTs-B-
CD, 2-1-8-CD Hfal{k, 155] T HAr=4#) 2-His-3-CD,
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Fig. 1 FTIR spectra of 3-CD and its derivatives
a—B-CD; b—2-OTs-B-CD;
¢—2-18-CD; d—2-His-B-CD

2.2 MHBEEBEITEWH'H NMR 547

KA B-CD 3 F M9 FEAE W W 0§ 7E 6= 4. 83 ~
321V L N, fE 6>6 U N C W g (K 2
()]s 78 C-2 L5l A% H IR B i s [ 2
(O], 2 ES ARG, TEm 6=2.36 &b
BB . U A X R R I 3 1A P 3 B R
FRAE MR WS UG 5 [R]I) . 7R 0 O 7.58, 7.35 AR BLR
W RO, S RS AR .
I B E AL I e g, U TR
P s i A= B . #E2-1-3-CDIY' H NMR 3% & [ 2
(o) ] o, CH,y FEPIFI R IR B 5 19 5 AiF W 5 i
598004 e, UE B O B R B mE S A Bk B4R,
2-His-B-CD [J& 2(d)] 7E 6 K 6.92, 7.62 4b i ¥
B, N U A 4 e B A R s B T 5 I I
X sk B R AL A C 4% 4238 3-CD iy C-2 1,
2.3 pHEUHMBLREBITEMEUREZEERR

A

pH Xt FRRIRE 2 4 T8 A1 A W A Ak S0 R 1 5
W el 3 fras . fE pH=6.5~7.0 W E N . B8
PEACTE PR R RRARAS . 3R R FRMIDRS 25 4 IR AT 2R
Yo iE AR AL B His ZREERT CuCIl) 410, b2k
VA v 2 52 R K e 5L B pK, = 6. 0 R TTT 7E 55 2 1k 4%
PFF. REBESPIEE: Y4 pH>7.0 B, HH
K 28 4 B AT A= ) e AL 0 P B 1) T s I RS R, X
A B AR R 48R By R AR i T A2 25 B
M, SEEG R . BE A B R B RR L RSE RT
fb. MEEBEZH O, ik,
2.4 BENTMBEEETEDEUREERY

=AU

FE 20~45°C Z [a], i BE X IR 2K 4 R AT A

10 8 6 4 2 0

0 8 6 4 2 0

(b) 2-OTs-3-CD

b

5
(o) 2-18-CD
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B2 B-FRMIAE BOH C-2 Al A i H NMR 3% #
Fig. 2 'H NMR spectra of 3-CD and its derivatives
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Fig. 3 Effects of pH value on oxidation rate of catechol
catalyzed by B-cyclodextrin-Cu( ][ ) complexes
(reaction condition; 0.2 mol « ™' phosphate buffer,
B-cyclodextrin-Cu( [l ) complexes 2X 10 *
mol« L', O, 35 mlsmin', 35C;
initial reaction rate was determined when conversion

of substrate was lower than 10%)

1 AT A TR SO I R AT . IR TR D fEHE A R
(A S PO iy - L 9135 A M R E R s Y S
S FHIGE S . AR T A S B-CD 23 JEE i
Wk Jish, T B-CD WL HRN AH — A
{H, WREETH A A T = B-CD 25 Ji b fiff 25
K XA TSN R R ol B v
o YRR F 35CJa . L e B0k B ok
BOJS . FRARSETh R . AR S N AR AT R
X AT AE SR A D e I AR 1F T BRI 28 4 Jm AT AR W
G B PERT CREEBR R B T AR, A
R e aEerERE. N8t 35 CHE L3
1= E R
2.5 MMBRERTEVMHNELINESN
SHEGE LN, B-CD B A A= Wy A S B
W EBESIRY AT SRR R EEY . RA.
TR A HE— 2B N A O R, R
PR Z s AFAE R B N 8l g 24 A

ki ko
E+SkiE- S— E+P

Horr, SORIRYBHE M, P RyHEA™Y, E NI
WG G RATEY . E « Sy RO A i bl &2 5
Yo TN RN B A ke Ak, R
R B BT LIS 2

£$:[$+§% 45

v Vinax

17/°C
B4 R SRR 28 4 8 AT A W A A 4B R i
AL BN R (14 5
Fig. 4 Effects of temperature on oxidation rate of catechol

catalyzed by B-cyclodextrin-Cu(]l ) complexes

(reaction condition: B-cyclodextrin-Cu([])

1

complexes 2X10 " mol « L', O, 35 ml *» min" !, pH=7.0;

initial reaction rate was determined when conversion

of substrate was lower than 10%)

A [S] BIEWARE B, o NPITE R
MR, Vo HAEML RN & K HEE, Ko B
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K, — kit 2
b

MRAEZC (D) [ BRI RS 28 & 08 117 A2 1 1 ik
JE, BRI Y48 R M W . AR % Hanes-Woolf
YEEE . UK YR B 5400 16 By 320 el [S]/o
IR E [S] fEE, TS —&HZL, HA
2R 11 A R AR 3 T DA B K IR H R K R B R RO
AV o

Bl 5 S pH=7. 0 B ifb &P R WA by [S1/o
5 [S] Mz, BT [S]/vy [S] &
MEIFEH R (7>0.995), X FEB AT 1M
B AR A B . AR BRI R SR AT L
W Ve M K, H. AR %S5 (&
D,

MR TATLEL, EREREGRINME, &
MERE RN K, HHZERK, RHEMS5IKYHE
(25 AR E ™, BB B-CD %5 I AU ) 2 1] H
A A DT RC ) S AR A A RRAE . BV 1Y E 1] 45 A g
73 DI AT DL S IS 0 5 14k . B A 4L il A AR T
e BEAR I 19 1% AL RE S 33 X T il R A 1) 2 17 o 5
AR A Y B .

F 1A TS [ A AR A A S8 R T A S Y
AL W B koo 7E35C . pH=7.0, JTCHEALFIFELE
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Table 1 Kinetic parameters of catechol oxidation catalyzed by different complexes

Complexes Substrate Kun/mol « L1 Vimax X 10* /mol « L™ « min~ ! Fea/min~ ! (ke /Kw) /L e mol™! « min~!
Cu?t catechol 0. 0061 0. 4937 0. 2469 40. 48
g-CD catechol 0.0039 0.1096 0.0548 14. 05
Cu®" /His catechol 0. 0059 0. 8931 0. 4466 70. 69
Cu?t /B-CD catechol 0. 0045 0.6072 0.3036 67.47
6-His-3-CD catechol 0.0051 0.1275 0. 06375 12. 50
2-His-3-CD catechol 0. 0049 0. 1306 0.0653 13. 33
Cu?* /6-His-3-CD catechol 0. 0043 1. 2810 0. 6405 148. 95
Cu?™ /2-His-3-CD catechol 0. 0040 1. 6503 0. 8252 206. 29

Note: ke is catalytic constant, ke = Vimax/LE]s ke/Km is apparent second-order rate constant; ke/Km=kiks/(k—1 4+ k). Reaction

conditions are the same as in Fig. 5.

24

([S1/v) X 1073 /min
to %)

<
o

0 0.5 1.0 15 2.0
[S1X 10%/mol =+ L™

5 A [F] BRRRG 25 4 8 77 2B W A Ak S8 2R 8 SR Ak S i
B [S1/v 5 [S] Wk R LK
Fig. 5 Relationship between [S]/v and [S] for

catechol oxidation catalyzed by different complexes

1

phosphate buffer,
1471 b

(reaction condition: 0.2 mol + L
pH=7.0, PPO mimic 2X10"" mol *
0, 35 ml » min~!, 35C; initial reaction rate was
determined when conversion of substrate was lower than 10%)
@ 3-CD: v 6-His3-CD; » 2-His3-CD; m Cu*" ; a Cu?* /B-CD;
< Cu?! /B-CD; & Cu?! /6-His-3-CD; © Cu?? /2-His-3-CD

AZRAET o AROK 8 B R A AR R ARG . S
HRFEHAL N 2. 1X10 % min ', YA G .
FAR R SRR TR . RS
AR R AL 8 A AL SOV Y ke AT LB, 2
WA B LA B—4 Culll) EaY
F8 3 P DR A R T L 1 B-CD BHATT A= W 9 1
P A B-CD AL A R G MR T AR A 5 8-CD
MR R . B-CD Y 2 fifiTEYIHE 6 (LA BA
AT X T DTS 5 0 1) 45 A A A S B L
B3 A 21 g

£ B-CD Wz A2 thy v, 6 i 8 2 Ao T 8 AR
AL TTINE S DI DA ZE S VAS R/ TN € S 3|
Uit ) o A [ AL BB T A 21 B AT A ) 22 18 1 Y 22

S IR SRR 8 i ol 1A el 1) s 5 2 N R
FEAEAL SORE I TR N B i A 25 . A R
Wi TN T HBA IEF R 0. A Al Rl
AL BN B A (AN 8 fy 2 vk . R B SRR, 2
PERT A S IR AR AR AR O B S . TR
H AR e R

BEAh i T 51 2 2 5 PN g ok v 5% B A
Fesm 7 52 PR RE . ILHE MR P BE . SRR AE
DA R RO ALV AR . ZE SR AL 27 0 L R R e
Bz, BEFEESE G IRYII R, 3] DUE 2 sl fE1L
M. B, XTI EERmEDmS. 4
BB AL CuCTl) o B-CD i /K =5 JiE AR 24 T i S
H K e S ) R A A A P SOSE I Y 3 NP ER

3 & %

-

(1) JTRIHT. R AR 4 2T 2Pl 3% A g 3
PP IEHER R AL A E#:8) 3-CD By C-2 L, %
SN T R R IR OGS R B R S5 Ca (I TB
1 1 BLEY .

(2) ZIWIKE R & B AT A= YRR Y Z (8] B A A
HVCHC P SE ARG A REAE AT B0 I Ak 4B R
AACIN I RE JT s — R R 2 I A A A A
PEAL B B 1 32 B pH A IR BE S S Ak F Y
AL

(3) HREHEBAL CuCll) . B-CD Hi/K 55 1 Al AH
20 il S5 IR e ) A b £ P R S i B Y 3
MHE.
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