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Abstract

In order to mimic the function of catecholase activity, in-situ copper (I1) complexes of three ligands containing different
numbers of benzyl groups: (E)-4- methoxy-N-(4-methoxybenzylidene)aniline L;, (E)-N-(4-methoxybenzylidene)
naphthalene-1-amine L,, (E)-N-(4-methoxybenzylidene)aniline Ls, were reported and examined, in combination with
different cupric salts, for their catecholase activities at ambient conditions. The highest rate activity was given by the
combination of two equivalents of Lz and one equivalent of Cu(CH;COO), in methanol. The Michaelis - Menten model was
applied to obtain the kinetic parameters of the best catalyst.
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1. Introduction

Development of biomimetic oxidation catalysts involving Cu(ll) ion as the active metal center is really
challenging [1-2]. As an important example, numerous biomimetic approaches were devoted to the synthesis of
binuclear Cu(ll) ion complexes with various ligands to reproduce catecholase activity [3-4]. These studies aim to
mimic the environment of the metal active site of the enzyme catecholase, and also to better understand its
properties to activate molecular dioxygen. Activation of dioxygen is a very important process in many living
organisms, this function is often assigned to metalloproteines containing copper, like catechol oxidase [5-7],
which is an enzyme that possess a binuclear copper center in its active site, and is known to have two copper
Cu(Il) ions joined by a bridging OH", each copper is coordinated by three histidine nitrogens [8-9], this enzyme
catalyses the oxidation of catechol to corresponding ortho-quinone through the four-electron reduction of
molecular oxygen to water [10-12]. In an attempt to mimic the active site function of catechol oxidase, much
ligands models based on iron [13, 15], copper [16-24], manganese [25-29] and cobalt [30-31] complexes have
been designed and extensively studied. The study of ‘biomimetic’ reactions, catalyzed by functional
metalloenzyme models, helps understand the influencing factors of catalytic activity of these models toward the
oxidation of catechol. In 2001 Neves et al. [32] have synthesized new copper (I1) complexes with different
numbers of N, O donor groups to correlate these modifications with the catecholase activity of the new
complexes. In same year C.H.Kao et al. [33] found that the complexes with the bond distance of Cu(II)...Cu(II)
located at 2.9-3.0 A show higher catecholase activity. In the same context, the catecholase activity of binuclear
copper (I1) complexes models, and other different structural parameters, has been investigated, like nature of the
ligand, nature of the ion salts, concentration of the complex and the solvent nature... [16-24] and [34-38].

The present work stems from our continued interest in the chemical modelling of catecholase [16-24], and
continuation of our looking for other ligands, to be tested in same reaction, which concern imine or Schiff-base
compounds. The imines are an important class of versatile synthetic intermediates for the preparation of
nitrogencontaining compounds as building blocks [39], for biological activity [40-41], in catalysis area [42] and
biochemistry [43]. In recent work they are used like Schiff-base complexes of transition metals as small synthetic
analogs of metallobiosites [44]. However, to the best of our knowledge no systematic study of mononuclear
copper (1) complexes of Schiff-base ligands is reported in the literature on this subject. Herein three ligands
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containing different numbers of benzyl groups are reported and studied for their catecholase activity. The results
revealed that the trend of catecholase activity correlated to the sort of the ligands, and it was found that the
complex, arising from two equivalents of L which have sp® nitrogen, and one equivalent of Cu(CH;COO); in
methanol, showed a higher catecholase activity.

2- Experimental section

2.1. Ligands description

The three imines (Scheme 1) were prepared by condensation between aromatic aldehydes [benzaldehyde and 4-
methoxybenzaldehyde] and aromatic amines [aniline, 4-mothoxyaniline and naphthalene-2-amine] in the

presence of CeClz*7H,0 (cerium chloride heptahydrate) as a Lewis base. The structures of all the products were
unambiguously established on the basis of their spectral analysis (IR, *H NMR and MS mass spectral data [45-

47]. »
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Scheme 1: Tested compounds
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2.2. Catecholase activity measurements

The catecholase activities of the complexes formed in-situ by mixing successively 0,15 mL of a solution (2.10°
mol/L) of copper salt CuX,, nH,O (with X = NO*, CH,COO", SO,*) with 0,15 mL of ligand solution (2.10°
*mol/L) were performed for the oxidation of catechol (10 mol/L) (Scheme 2) with O, of air in methanol (99,99
%) at ambient conditions. The evolution of product absorbance was followed at 390 nm according to time after
regulation in zero on a spectrometer UV-Vis, UV 1650 PC Shimadzo (In COSTE: Centre Oriental des Sciences
et Technologies de I’Eau).

OH o}
. 1,0, (CuX,, nHZO)/(Ligand)‘ + H,O
OH ¢}
Catechol O-quinone (390 nm)

Scheme 2: Reaction model (Catechol oxidation)

3. Results and discussion

3.1. Catalytic activity studies

3.1.1. Reaction of catechol oxidation catalyzed by copper complexes formed with ligands L;-L3

To get an estimation of the ability of the complexes formed in-situ from our ligands L;-L; and cupric salts to
catalyze the oxidation of catechol to ortho-quinone. 0,15 mL of a solution (2.10‘3 mol/L) of copper salt CuX,,
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nH,O (with X = NO*, CH,COO’, SO,*) with 0,15 mL of ligand solution (2.10mol/L) were treated with 2 mL of
catechol (10™ mol/L) under aerobic conditions.

As can be seen in Figures 1-3, the evolution of o-quinone absorbance showed considerable catecholase activity
of studied complexes. The calculated reaction rates (Table 1), indicate that the catalytic activity varies from a
complex to the other one, changes observed in the UV-Vis spectra recorded in methanol solution (Fig.1-3) can be
explained by differences in the nature of the counter anion and the nature of our ligands, especially in the nature
of the nitrogen atom in the ligand, combination between L,, which have sp® nitrogen, and the metallic salt
Cu(CH3COO0),, presents the highest rate activity in the reaction conditions. The increase of catalytic activity can
be explained by an increase of the steric hindrance around the metallic ion resulting from mesomeric effect of the

benzyl group.
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Fig.1: Catechol oxidation in the presence of copper complexes formed with L,
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Fig.3: Catechol oxidation in the presence of copper complexes formed with L
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3.1.2. Effect of the ligand concentration on the catecholase activity

In order to determine the effect of ligand concentration on the catecholase activity of resultant complexes, ligand
concentration is varying to be two equivalents for one equivalent of metallic salt. The reactivity studies were
performed in methanol solution under ambient conditions, the evolution of product absorbance versus time is
collected in Fig.4-6. This study aims to correlate the concentration modifications with the catecholase activity.
Obtained results show that the ligand concentration has an observable effect on the rate of catechol oxidation; this
is previously confirmed in the literature [21, 24] which was explained by the nature of coordination environment.
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Fig.4: Catechol oxidation in the presence of copper complexes formed with L,
(2 equivalents of ligand for 1 equivalent of metallic salt in methanol)
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Fig.5: Catechol oxidation in the presence of copper complexes formed with L,
(2 equivalents of ligand for 1 equivalent of metallic salt in methanol)
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Fig.6: Catechol oxidation in the presence of copper complexes formed with L
(2 equivalents of ligand for 1 equivalent of metallic salt in methanol)
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Table 1: Activity rate of catechol oxidation in methanol (umol.L™*.min™)

Mouadili et al.

Ligand - Cu(CH3;C00), CuSO, Cu(NQOs),

metallic salt Mol-mol | 2mol-1mol | Mol-mol | 2mol-1mol | Mol-mol 2mol-1mol
L, 5,992 2,406 1,680 1,562 1,071 2,593
L, 8,473 9,516 0,609 0,703 2,740 1,343
L, 6,200 18,062 5,062 11,488 3,567 16,101

3.1.3. Solvent effect

The catalysis oxidation reaction of catechol were performed in methanol as well as in acetonitrile under same
thermodynamic conditions, in order to more understand the effect of solvent on the evolution the reaction rate,
the absorbance variation of O-quinone with time was continuously monitored at 390 nm, as can be seen from
Fig.7-8, catechol oxidation rate in the presence of the copper complexes with ligands L,-L3 in the acetonitrile (
L, was not soluble in the acetonitrile) was determined (Table 2).
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Fig.7: Catechol oxidation in presence of copper complexes formed with L,

1,8
16
14
ot 1,2 == Acetonitrile
c
g 1
o - Methanol
208
2
<

O T T T T T 1

20 40 50 60

30
Time{min)

Fig.8: Catechol oxidation in the presence of copper complexes formed with L;

Table 2: Activity rate of catechol oxidation in acetonitrile (umol.L™.min™)

Ligand - metallic Cu(CH;COO0), CuSO, Cu(NO:s),
salt Mol-mol 2mol-1mol | Mol-mol 2mol-1mol | Mol-mol 2mol-1mol
L, 5,4912 0,3561 0,6351 0,9807 2,4587 4,5807
L, 4,2982 5,2456 1,0263 0,3359 5,2780 2,9438

Absorbance evolution of reaction product obtained by the spectrometer UV-Vis and reaction rate values,
illustrate well the importance of the solvent effect on the catalytic activities. Methanol appears a better solvent
than the acetonitrile. Methanol and acetonitrile are two solvents which differ in several physical parameters like
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dielectric constant, dipole moment, polarity, etc... These physical parameters bring not much information about
the capacity of the solvent molecules to interact at short distances with the molecules of solutes. Which explains
that is the coordination power or protic nature of the solvents that play the key role in changing the activity of the
complexes [24, 48]. According to this reasoning, we can propose that the reaction of catechol oxidation is more
quickly with polar and protic solvents (like methanol), and more slowly with the dipolar and aprotic solvents
(like acetonitrile) To confirm that the methanol is a better solvent than the acetonitrile for the catechol oxidation
reaction, this oxidation was carried out by monitoring the increase of the intensity of o-quinone band at 390
nm with time (Fig.9), the concentration of the substrate catechol was always kept at least 100 times larger than
the catalyst formed in-situ by mixing of two equivalents of L, and one equivalent of Cu(CH3;COQ), in methanol
as well as in acetonitrile, and the o-quinone absorbance was recorded at a time interval of 20 min at constant
temperature of 25 °C.

As can be seen in Fig.9, the absorbance of the o-quinone does not exceed 1,6 nm after three hours of the reaction
in the acetonitrile, on the other hand in the methanol the absorbance affects 2 after the same duration of the
reaction, which confirms that the methanol remains a better solvent than the acetonitrile to catalyze this type of
reactions.
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Fig.9: Increase in the O-quinone absorbance at 390 nm for the combination Ls/Cu(CH3;COO),

3.2. Kinetic study

The kinetics of formation of o-quinone, in the presence of the combination Ls/Cu(CH;COO),, was determined by
the method of initial rates by monitoring the increasing absorbance of the 390 nm band of the product in
methanol as well as in acetonitrile, with a concentration of substrate varies in the range 2.10™ to 10° mol/L, and
the concentration of L3/Cu(CH;COO),, which formed the best catalyst, was fixed in 10 mol/L. The evolution of
absorbance of ortho-quinone was monitored for the first 5 minutes of the reaction time, and linear relationship for
the initial rates and the substrate concentration was obtained. The Michaelis-Menten model, which developed for
enzyme Kinetics, is applied to obtain the kinetic parameters of the best catalyst. The concentration dependence of
reaction rate in the presence of the catalyst arising from L; and Cu(CH;COO), (Fig.10-11) shows two regions,
the region of the first order dependence in substrate concentrations at low concentration of substrate and zero
order in substrate at high concentrations. Basing on the information which confirms that the small K., means
tight binding between substrate and catalyst, and high K, corresponds to weak binding, The K, values for
combination formed by Ls/Cu(CH3;COOQ), in methanol as well as in acetonitrile showed in Table 3 are in
excellent agreement with the above results which confirm that the methanol is a better solvent for the oxidation
reaction of catechol than the acetonitrile.
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Fig.10: Dependence of the reaction rates on the catechol concentrations for the oxidation reaction catalyzed
by complex arising from one equivalent of L; and two equivalents of Cu(CHsCOO), (in methanol)
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Fig.11 : Dependence of the reaction rates on the catechol concentrations for the oxidation reaction catalyzed by
complex arising from one equivalent of L; and two equivalents of Cu(CH3;COO); (in acetonitrile)
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Table 3: Kinetic parameters for the oxidation of catechol catalyzed by complex arising from one equivalent of L;

and two equivalents of Cu(CH;COO),

methanol acetonitrile
V,, (umol.L™.min™) 20 80
Kn(mol.L™) 2,6.10° 7,110

Conclusion

The present study describes the investigation of the catechol oxidase employing the copper complexes, arising from

ligands containing benzyl groups and Cu(ll) salts. The results obtained show that all the complexes catalyze the
aerobic oxidation of catechol to the corresponding O-quinone. To more understand the parameters influencing the
catalytic activity of the studied complexes and to understand the key properties of solvents which have a controlling

role in the catecholase activity, the effect of ligand concentration and the effect of the solvent are studied.
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