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Abstract; The title complex [ Cu( NTB)C1]ClO, 2.5 CH;OH (NTB = Tris( benzimidazolyl-2-methyl) amine) has been

synthesized and characterized by UV-Vis. , elemental analysis, cyclic voltammetry and single crystal X-ray diffraction anal-

ysis. Polyphenol oxidase activities toward pyrogallol and catechol have been studied spectroscopically. Their kinetics obey

the Michaelis-Menten equation. The turnover numbers of the complex toward pyrogallol are 88.2 h~'and 0.54 h ™" for cate-

chol at pH 8.0 and 30 C. Compared with the kinetic data, it is apparent that pyrogallol oxidation is easier than catechol,

and catalytic activities increase with increasing of pH values.
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Polyphenol oxidases ( PPO) are widely distributed
in microorganisms, plants and animals'''. They play
an important role in plant and animal defense systems
and signal transfer, which are involved in cuticular
melanizations such as coloration of skin and hair, scle-
rotization of exoskeleton and lignin formation'*’. Re-
cently, it was found that these play a pivotal role in de-
fense reactions of plants against insect, bacteria, fungi

[3]

and virus attack and abiostresses'”'. The oxidation of

phenols under mild conditions is also of great interest
in industry and agriculture from an economical and en-

[4~8]

vironmental point of view Therefore, there has

been sequential interest in study on PPO model com-

27197 " but most of them are binuclear comple-

pounds
xes. In this paper, we report the oxidation of pyrogallol
and catechol catalyzed by the model mononuclear com-

plex [ Cu(NTB)C1]ClO, 2. 5CH,OH.
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1 Experimental

1.1 Physical measurements

Electronic spectra were measured on a Shimadzu
UV-265 spectrophotometer. Elemental analysis for C,
H and N was carried out on a Perkin-Elmer 2 400. Cy-
clic voltammetry (CV) was performed with a BAS-100
electrochemical analyzer on a conventional three-elec-
trode cell, i. e. , glassy carbon electrode serving as the
working electrode, a platinum wire as counter electrode
and Ag/AgCl electrode as reference. The supporting
electrolyte tetrabutylammonium perchlorate ( TBAP )
was recrystallized twice from methanol and dried over-
night in vacuum. The solvent N, N-dimethyl formamide
(DMF) was sufficiently pure. The X-ray data for the
complex was collected on a Bruker SMART APEX CCD

diffractometer.
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1.2 Synthesis of the title complex

The ligand Tris ( benzimidazolyl-2-methyl ) amine
(NTB) was synthesized according to a similar method
reported in literature'"'’. Aminotriacetic acid ( NTA)
and o-phenylenediamine (PDA) in molar ratio of 1.3
were refluxed in glycol at 180 °C for 6 ~8 h until no
water vapor was evolved. After cooling, a reddish
crude product was precipitated by adding water. And it
was recrystallized a few times in ethanol, and yielded a
white power or colorless crystals.

The complex [ Cu ( NTB) Cl]ClO, - 2. 5CH, OH
was prepared by adding a solution of copper(II) chlo-
ride (0.17 g, 1.0 mmol) in MeOH to a solution of
NTB (0. 41 g, 1.0 mmol) and sodium perchlorate
(0.12 g, 1.0 mmol) in MeOH. A yellow-blue precip-
itate was obtained after stirred at 50 °C for 5 h and was
collected by filtration. This solid was dissolved in
methanol and left standing for several days, yielded a
blue crystal suitable for X-ray analysis. Elemental
analysis(% ), calculated; C 46. 35, H 4. 519,
N 14.28; found: C 46.54, H 4.250, N 14.23. UV-
Vis. [A,,, nm (&g, M™" - em™')] in MeOH: 271

(24900) , 671(233).
1.3 X-ray crystallographic analysis

A suitable crystal of the title complex was moun-
ted on a Bruker SMART APEX CCD diffractometer.
The reflection data were measured at 20 °C under
graphite monochromated radiation (A = 0. 071073
nm). The technique used was w-scan with a @ limit of
1.59° < 6 < 22.50°. The structure of the complex
was solved by the direct methods and refined by least
squares on F* by using the SHELXTL software pack-
age. Hydrogen atoms were located by using the differ-
ence Fourier map and added to the calculation with re-
gard to the structure. The others were constrained to
ride on their parent atom. The molecular graphics were
plotted by using the software package. The final least-
square cycle gave R, = 0. 0777 and wR2 = 0. 2143
for 12 810 reflections with I >2¢ (I). Atomic scatter-
ing factors and anomalous dispersion corrections were
taken from the International Table for X-ray Crystallog-
raphy. The crystal data and structure refinement are

shown in Table 1.

Table 1 Crystallographic data of the title complex

Empirical formula

Cs; H, Cl, Cu,Nyy Oy

Formula weight
Temperature
Wavelength
Crystal system, space group triclinic,

Unit cell dimensions

Volume
Absorption coefficient
F(000)

Crystal size
0 range for data collection
Max. and min. transmission
Goodness-of-fit on F
R, wR2
Extinction coefficient

Largest diff. peak and hole

1372
293(2) K
0.71073 A
p-1
a = 14.2205(17) A, « = 90.517(2)
b = 14.3858(17) A, B = 108.092(2)
c = 18.244(2) A, vy = 115.682(2)
3152.1(7) A°
0.915 mm™
1 404
0.20 x 0.20 x 0.20 mm
1.59 t0 22.50 deg.
0.8383 and 0. 8383
1.072
Rl = 0.0777, wR2 = 0.2143
0.031 (9)
0.921 and —1.154 x107

1.4 Measurements of polyphenol oxidase activities
The kinetics of reactions was studied spectroscopi-
cally. Oxidative reactions of pyrogallol and catechol

were carried out in methanol-Tris (i. e. , trihydroxy-

methyl amino methane ) -HCI buffer solution. The solu-
tion pH value and reaction temperature varied in the
range of 7.3 ~8.0 and 18 ~40 °C, respectively. Stock

solutions of pyrogallol and catechol were prepared in
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0.15 mM phosphoric acid to prevent autooxidation.
The assay wavelength of pyrogallol and catechol oxida-

tion were chosen at 320 nm and 484 nm, respectively.

2 Results and discussion

2.1 Crystal structure of the complex
The molecular structure of the title complex is

shown in Fig. 1. The selected bond lengths and bond

Fig. 1 ORTEP view of the title complex CCDC 244762

angles are listed in Table 2.

The coordination geometry around the copper atom
is distorted trigonal bipyramid formed by three nitrogen
atoms from ligand NTB in the basal plane, a NTB ni-
trogen atom and one chlorine atom in the axial coordi-
nation sites. The axial and planar bond angles are re-
spectively light departure from 90° and 120°, so the
coordination geometry of copper is distorted trigonal bi-
pyramid. And the average bond lengths of Cu-N and
Cu-Cl are 2.097 and 2.2680 A, respectively. The axi-
al binding chlorine ion is weaker, and it could be easy
to leave to change the coordination structure, which

would play an important role in catalysis''?’.

Moreo-
ver, the complex can bind and activate oxygen mole-
cules based on the appearance of an ultraviolet absorp-
tion peak at 316 nm, when O, was bubbled through the
complex-DMF solution for 10 min at room temperature.
This peak is assigned to 1, * orbit of peroxide ion 0,”~
—Cu(Il') d,2 _ 2 LMCT (ligand to metal charge

transfer) transition. However, the complex can not

directly bind and activate oxygen before reduction. A

Table 2 Selected bond lengths(A) and bond angles(°) for the title complex

Cul-N7 2.029(4)
Cul-N5 2.056(5)
Cul-N3 2.130(4)
Cul-N1 2.164(4)
Cul-Cll 2.2731(15)
N7-Cul-N5 133.09(18)
N7-Cul-N3 111.56(18)
N5-Cul-N3 106.56(18)
N7-Cul-N1 80.30(17)
N5-Cul-N1 81.05(17)
N3-Cul-N1 79.18(18)
N7-Cul-Cl1 99.12(13)
N5-Cul-Cll 99.90(13)
N3-Cul-Cl1 100.35(14)
N1-Cul-Cl1 179.03(14)

Cu2-NI12 2.042(5)
Cu2-N8 2.062(5)
Cu2-N14 2.102(4)
Cu2-N10 2.194(5)
Cu2-CI2 2.2630(18)
N12-Cu2-N8 127.76(18)
N12-Cu2-N14 112.21(18)
N8-Cu2-N14 110.76(17)
N12-Cu2-N10 80.32(19)
N8-Cu2-N10 79.83(17)
N14-Cu2-N10 79.32(17)
N12-Cu2-CI2 100.75(16)
N8-Cu2-CI2 98.56(14)
N14-Cu2-CI2 101.30(13)
N10-Cu2-CI2 178.39(13)

steric match between substrate and the complex is be-

lieved to desire enough close in typical catalysis of cop-

per polyphenol oxidase, because it is first the nuclear

binding with hydroxyl group of polyphenol.
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2.2 Cyclic voltammogram data

As is shown in Fig. 2, the cyclic voltammogram
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Fig. 2 Cyclic voltammetry of the complex in DMF
(¢=1.0x107 mol/L, 0.1 mol/L TBAP) at a platinum
electrode (scan rate = 50 mV s™")
of the complex contains a cathodic peak at —0.255 V
and an anodic peak at 0. 123 V, which are assigned to
a one-electron redox process of Cu(Ill)==Cu(I).
Catechol and pyrogallol are sensitive to dioxygen in al-
kaline solution(E = —-0.23 V and -0.20 V versus
SCE, respectively). They are easily oxidized to semi-
quinone and quinone'”'. The anodic potential of the
complex is higher than that of the two substrates,
therefore, the complex can oxidize catechol and pyro-

gallol.

2.3 Study of polyphenol oxidase activities
Assuming V, is the initial velocity, it is found that

V, follows saturation kinetics with respect to substrate

concentration [ S]. At sufficiently low [ S], Plot of V,

versus [ S] is linear. When [ S] becomes sufficiently

high, catalyst(here is model compound or mimetic en-

zyme, M) is saturated, the rate of reaction is zero-or-
der and tends toward a limiting value, maximum
velocity V. The kinetics is expressed quantitatively

in Michaelis-Menten equation. Where k_, is turnover

!
number, that is the number of moles of substrate con-
verted to product (P) per minute per mole of model
compound. It is a pseudo-first-order rate constant of
catalyst-substrate complex MS conversion to products.
ko [MJ[S]  V,.[S]
k,+[S] k,+[S]

m

V=

here V,, =k, [M]

cat

By applying traditional Michaelis-Menten ap-
and V,

were obtained from the corresponding plot of V; vs.

proach™" | values of kinetic parameters k_,
[S]. As is shown in Fig. 3, Polyphenol oxidase
activities toward pyrogallol and catechol obey the
Michaelis-Menten equation. The results listed in Table

3 indicate that the turnover numbers of the complex
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Fig. 3 Plot of initial ratio V,vs
[S]: [complex] = 2.5 x10°mol/L,
T =30°C, pH = 8.0

Table 3 The Kinetic data of the complex

Substrate Temperature (°C ) pH k,(h™") V. (10°mol . L™". h™")
8.0 0.54 54.0
30 7.6 0.42 42.2
7.3 0.18 18.1
Catechol
8.0 1.68 168
40 7.6 1.08 108
7.3 0.48 48.0
8.0 75.1 1 875
18 7.6 56.7 1417
7.3 42.0 1 050
Pyrogalloll
8.0 838.2 2 205
30 7.6 59.4 1485
7.3 46.2 1155
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toward pyrogallol are much higher than those of cate-
chol under the same conditions, which has been repor-
ted previously' "',

All of the turnover numbers increase with increas-
ing pH values. It is considered that the rate-determi-
ning step of the reactions is the first proton of a poly-
phenol to be abstracted to form the corresponding semi-
quinone'"®’ | hence, in the range of pH 7.3 —-8.0, the
higher the pH value, the better the activities. Moreo-
ver, when the catalytic reaction temperature increases,
the reactivities for catechol increase obviously, while

unconspicuous for pyrogallol.
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