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Abstract

The preparation and characterization of dimerig@py).(phga), (bpy: 2,2-bipyridine; phgaH: phenylglyoxylic acid) and glba)(bpy)
(baH: benzoic acid) complexes are described. Crystallographic characterization of theyg@phga), complex has shown that the coordina-
tion geometry around copper(ll) ions is distorted square pyramidal (monoétid, a= 11.7440(4)3\, b= 20.9020(10)3, c= 9.3980(10)&,
«=90.00, 8=93.2240(10), y=90.00, V= 2303.3(3)&3, Z=4). These complexes were found to exhibit catalase-like activity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction in reducing oxidative stress. Catalase and glutathione perox-
idase serve this purpose. A number of manganase containing
Oxidative stress has been defined as ‘a disturbance in thecatalases have been isolated and characteftzes].
pro-oxidant—antioxidant balance in favor of the former, lead-  The direct utilization of this natural enzyme as a phar-
ing to potential damagdl]. The major oxidative stress pro- maceutical agent is limited because of low membrane per-
duced by superoxide, however, is derived from its partici- meability as a consequence of its high molecular weight. So
pation in peroxynitrite formatiof2] and its involvementin ~ considerable efforts were made in order to obtain non-toxic,
the iron-catalyzed Haber—Weiss reaction (superoxide-drivenlow molecular weight biomimetic molecules, which are able
Fenton chemistry3]) causing hydrogen peroxide to be con- to catalyze the dismutation of superoxide anion and/or de-
verted to hydroxyl radical. Hydroxyl radical, peroxynitrite stroy the forming hydrogen peroxide.
and peroxynitrite-derived products (hydroxyl radical, car- A variety of low molecular weight complexes of transi-
bonate radical and nitrogen dioxide) all have the potential to tion metals, especially those of manganase, were prepared
react with and damage most cellular targets including lipids, and studied as Mn-catalase mimetic complex sys{eris3].
proteins, and DNA4]. Enzymatic antioxidants regulate su- Examples of such complexes include derivatives of anti-
peroxide concentration by dismutation of superoxide to hy- inflammatory drugs salicylates, aminoacids, peptides, and
drogen peroxide (superoxide dismutdS®, which is then amines. Compared with Mfil) model complex systems,
converted to water (peroxidases such as glutathione perox-Cuy(Il) systems reported are relatively rafE9—-21] Sev-
idase) or dismutated to water and dioxygen. Elimination of eral binuclear copper(ll) carboxylates of anti-inflammatory
hydrogen peroxide is therefore critical to the efficacy of SOD drugs such as salicylat§g?], indomethacirj23], and lona-
zolac[24] were studied as SOD mimics, but none of simple
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73% (753 mg). Anal. Calcd. for GO12C52oH36N4: C, 60.3;

o}
%{o )‘%0 o o/“\ H, 3.5; N, 5.4. Found: C, 59.6; H, 3.7; N, 5.6.
o \f Ph
N 0 N 0

ﬂ | O’ac X | (e | 0, 2.4. Synthesis of G(bau(bpy)
7 u Cu
N Al ) N/ \0/ |L A solution of 489 mg (4 mmol) of benzoic acid and 312 mg

u
5 o 0
Ph }-—Nf %ph (2mmol) 2,2-bipyridine in 5cn? acetonitrile was added
o L /< to a suspension of 251 mg (2mmol) Cu(OMeéh 5cn?

Ph 0
0 0 o] acetonitrile. The resulting blue suspension was stirred at

293K for 2 h, filtered and kept for slow evaporation to ob-
tain blue crystals. Yield: 71% (652 mg). Anal. Calcd. for
Cw012Cs2H36N4: C, 62.4; H, 3.9; N, 6.1. Found: C, 61.8;
H, 3.7; N, 5.9.
belonging to nitrogen heteroatomic rings such as imidazoles
or pyridines is important for high SOD activiig5], and ~ 2.5. Study of catalase-like activity
complexes with bipyridines and phenanthroline are DNA in-
tercalators, showing ability to inhibit nucleic acid synthesis  All reactions were carried out at 2€ in a 50 cnd reac-
in vivo [26]. tor containing a stirring bar under air. Acetonitrile (309m

In this paper, we report the synthesis and structure of was added to the complex (0.05mmol) and the flask was
the binuclear copper(ll) complexes £hpy)(phga), and closed with a rubber septum. Hydrogen peroxide (5mmol)
Cup(bay(bpy) (Scheme ) The catalase activity of these was injected through the septum with a syringe. The reactor
binuclear compounds have been measured in order to get inwas connected to a graduated burette filled with water and
sight into the mechanism of thexB» dismutation processin  dioxygen evolution was measured volumetrically at time in-
biological systems. tervals of 0.5 min. Observed initial rates were expressed as
mol dm~3s~1 by taking the volume of the solution (30 éjn
into account and calculated from the maximum slope of curve

Cux(bpy)z(phga)s Cuz(ba)s(bpy)-

Scheme 1.

2. Experimental describing evolution of @versus time.
2.1. Materials 2.6. X-ray structure determination of glopyy(phga)
All manipulations were performed under a pure dinitro- Single crystals of Cg(bpy)(phga) suitable for an X-ray

gen or argon atmosphere unless otherwise stated, using stardiffraction study were grown from acetonitrile upon standing
dard Schlenck-type inert gas techniq(@g]. Solvents used  at room temperature for a few days. The intensity data were
for the reactions were purified by literature methda8] collected with a Nonius Kappa CCD single-crystal diffrac-
and stored under argon. Cu(OMeyas prepared accord- tometer using Mo & radiation Q»=O.71073&) at 293K.

ing to the literature[29]. All other chemicals were com-  Crystallographic data and details of the structure determi-
mercial products and were used as received without furthernation are given irfable 1 SHELX-97[30,31] was used

purification. for structure solution and full matrix least squares refine-
ment onF2. Crystal structure has been deposited at the Cam-

2.2. Analytical measurements bridge Crystallographic Data Centre (deposition no. CCDC
267818).

Infrared spectra were recorded on a Specord 75 IR (Carl
Zeiss) spectrophotometer using samples mulled in Nujol be-
tween KBr plates or in KBr pellets. UV—vis spectra were 3. Results and discussion
recorded on a Shimadzu UV-160 spectrophotometer using
guartz cells. Microanalyses were done by the Microanalyti- 3.1. Spectroscopic and single crystal X-ray structural
cal Service of the University. characterization

2.3. Synthesis of Glbpyp(phga) 3.1.1. FT-IR and UV-vis
In the visible range, a weak and broad band was discov-
A solution of 601 mg (4 mmol) of phenylglyoxylic acid ered for these complexes at 679 and 697 nm for complexes
and 312mg (2 mmol) 2/ipyridine in 3cn? acetonitrile Cuw(bpyk(phga) and Cuy(bau(bpy), respectively. These
was added to a suspension of 251 mg (2 mmol) Cu(Qhte)  bands can be assigned to copper(ll) d—d transitions. Another
3cn? acetonitrile. The resulting blue suspension was stirred CT band was also observed at ca. 310 nm which can be at-
at 293 K for 2 h, filtered and kept for slow evaporation to ob- tributed to N— Cu(ll) or O— Cu(ll) charge transfer. The
tain crystals suitable for X-ray structure determination. Yield: positions of these bands are comparable with those found for
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Table 1
Summary of the crystallographic data and structure parameters for
Cup(bpy)(phga)
Formula weight 517.96
Crystal system Monoclinic
Crystal description Blue prism
Space group P21/c
Unit cell dimensions
a(d) 11.7440(4)
b (A) 20.9020(10)
c(A) 9.3980(10)
ay (°) 90.00
B() 93.2240(10)
y (°) 90.00
Volume A3) 2303.3(3)
z 4
Calculated density (g crit) 1.494
Crystal size (mrf) 0.3x0.2x0.15
Index ranges —l4<h<14
—25<k=<0 Fig. 1. Ellipsoid drawing of Ca(bpy)(phga), with the atom numbering
0<1<10 scheme.
Temperature (K) 293(2)

forming a CuNO3 chromophore in both cases. Each cop-

Radiation Mo kx (A =0.71073) ? . . .

Absorption coefficient (mm) 0.994 per(ll) ion is in 4+ 1 environment with O(2), O(5), N(1),

F(000) 1060 N(2) in the basal plane and O(2) from the another bridging

Reflections collected 4353 carboxylate in the axial position. The in-plan-@d bond dis-

Observed reflections 8621 tances average 1.945and Cu-N bond distances 2.00%)
[1>20(1)] which are inthe normal rang3,37,41-43]The axial Ca-O

Goodness-of-fit 1.143

bond distance (2.383(239) is significantly longer. The val-
ues of O(2)-Cu(1)-N(2) and O(2)—Cu(1)-O(2) bond angles
(175.40(10) and 76.37(%), respectively) reflect the distorted
square pyramidal geometry surrounding the copper ion. The
copper—copper separation is 3.48 the dinuclear com-
plex, which is longer than the van der Wals distances for two
copper atoms (2.89. Selected bond lengths and bond angles
of the complex are listed ifiable 2

Ry =0.052F, wR,=0.1204
R;=0.0664,wR,=0.1288

Final Rindices
Rindices (all data)

Largest difference
Peak/hole 0.423/0.289

3 R=Y"||Fol — IFcll/YIFoll.
b wR =Y w(lFol — IFc)?/Y w(Fol2]*2

structurally known binuclear copper(ll) valproate with pyri-
dine[32].

The IR spectra for complex G(bpyk(phga) and
stretching bands, indicating the presence of two carboxylate
ligands involved in different coordination modes. The 1605 o : . . ) :
and 1380 cm? (Av = 225 cnr'Y) pair are assigned to the car- The kinetic studies on the disproportionation of®3 into

boxyl group that acts as monodentate lig§d@l 34], and the H20 and _Q were c_arried out by the methc_>d of initial .
1555 and 1397 cmt (Av=158cnt) pair are assigned to rates monitoring the increase of the evolved dioxygen and it

the other carboxylate that acts as asymmetric monodentateyvaS found that the copper complexes(apy)z(phga) and

bridging ligand[35—-37] These results are consistent with

3.2. Kinetic studies

The catalytic decomposition of hydrogen peroxide has
been studied as a model reaction for the catalase enzymes.

- . Table 2

the pr]r‘)pose_lt_jhmeCIGBr': stru%urgs containing gg:NChro'h Selected bond lengthd) and bond angles’) for Cup(bpy)(phga)

mophores. The stretching vibrations corresponding to those — —

typical of coordinated bpy occur at 730, 830, 1030, 1232 gﬂﬁ;_ﬁg i:g;gg)) (CJS((i;_S((lZ)) 21853%((??))

and 1600 cm? [38,39] The band at 1652 cnt in case of  cu(1)-0(2) 2.383(2) N(2)-C(6) 1.352(4)

Cuw(bpy)(phga), can be assigned to th€CO) group. O(1)-C(11) 1.215(4) 0(2)-C(11) 1.273(4)
0(3)-0(12) 1.207(4) 0(4)-C(19) 1.220(5)
0(5)-C(19) 1.238(5) 0(6)-C(20) 1.218(5)

3.1.2. X-ray structure , . N(1)-C(5) 1.343(4) N(1)-C(1) 1.343(4)

Cuz(bpyk(phga): an ORTEP plot showing the atomic-  y)_c(10) 1.339(4)

numbering scheme employed is giverfig. 1 0(5)-Cu(1)-0(2) 90.10(10) 0(5)-Cu(1)-N(2) 94.36(11)
This complex is a dimer. Three oxygen and two nitro- O(2)-Cu(1)-N(2) ~ 175.40(10)  O(5)-Cu(1)-N(1)  174.69(11)

gen atoms are coordinated around each copper ion in theQ()-Cu(1)-N(1)  94.57(10) N(2)-Cu(1)-N(1) ~ 80.92(11)

distorted square-pyramidal arrangement 0.01[40]), thus 0@)-Cu(1)-0(2) 76.370) OB)-Cu®)-0(2)  8861(10)
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Table 3

Kinetic data for the Cp(bpy)(phga)-catalyzed decomposition of hydrogen peroxide

Experiment number HCu] (M) [H202] (M) 10%Vo Ms™1) ki (M~05s71)
1 4.28 0.17 1.27 0.037
2 856 0.17 2.52 0.052
3 129 0.17 2.96 0.050
4 171 0.17 3.48 0.051
5 257 0.17 4.22 0.050
6 171 0.13 3.02 0.055
7 171 0.20 5.50 0.066
8 171 0.23 6.15 0.063
9 171 0.27 5.67 0.052

10 171 0.33 7.39 0.053

Table 4

Kinetic data for the Cp(ba)(bpy)-catalyzed decomposition of hydrogen peroxide

Experiment number H0Cuy] (M) [H202] (M) 10%Vo (Ms™1) ke M~1s71)

1 332 0.17 0.32 0.59

2 833 0.17 0.90 0.65

3 125 0.17 1.18 0.57

4 167 0.17 1.76 0.63

5 250 0.17 2.62 0.63

6 167 0.10 1.00 0.60

7 167 0.23 2.65 0.68

Cuw(baj(bpy), have such activity. The catalase-like activity
of the complexes Cifbpy)(phga) and Cuy(ba)(bpy), was
examined in acetonitrile at 2@. The amount of residual
hydrogen peroxide (measured by iodometric titration) was
compared with the amounts of dioxygen formed (as calcu-
lated by volumetry) and found to satisfy the stoichiometry
implied by (Eq.(1)):

10* Vo (Ms™)

2H,00 — 2H,0 + O (1)

The observed initial rates for these complexes are 0 . .
compiled in Table 3 When the catalase activity was 0 10 20 30
studied, complex Gubpyy(phga) was the more re- 10" [Cuzlo (M)
aCtive' The estimated iritial rat_ess _(1under same_condi- Fig. 2. Influence of the complex concentration on the initial rate of the
tlorjf) Weré\/g?’: 2_'?6X 10 r_nOIdm s, andVp=1.18x decomposition of hydrogen peroxide, catalyzed by J[®py)(phga)] (®);
10~*moldm™s™+, respectively, to the Gbpy)(phga) and [Cu(ba)(bpy)] (W); [H202]=0.17 M; in MeCN at 20 C.
and Cuy(ba)(bpy) compounds. Therefore, the &u
(bpyk(phga), complex is almost three-fold more reactive

than compound Cifbau(bpy),, toward hydrogen peroxide. ¢
In order to determine the rate dependence on the various re- - &
actants disproportionation runs were performed at different "0
substrate and catalyst concentratiofeyles 3 and ¥ While ?; 4
the influence of catalyst concentration on the kinetics ex- ks
hibited a different profileKig. 2), both complexes showed a a .
pseudo-first order dependence on the concentration of hydro-
gen peroxideKig. 3), resulted in the following experimental 0
rate equations (Egq§2) and(3)): 0 10 20 30 40
107 [H,02]o (M)
T2 _ tongdCun(bpy)(phgay®TH,0s @ N )
Fig. 3. Curves of the initial rate of the catalyzed decomposition of
hydrogen peroxide as a function of hydrogen peroxide concentra-
d[O] _ kel Cua(ba(bpy),][H202] 3 tion. [Co(bpyk(phga)] (@) as the catalyst (17.1010-4M):; and

dr [Cux(bay(bpy)] (M) as the catalyst (16.79 10~ M); in MeCN at 20°C.
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From Eqgs.(2) and(3) a mean value of the kinetic constants carboxylate complexes as catalyst. The simplicity of the sys-
Kohga Of 0.05 M~2s~1 and ks of 0.62M™1s72, at 20°C tem, easy preparation of the catalysts and applicability make
were obtained, respectively. These values matches with thecopper carboxylate catalyzed decomposition gbplan at-

most active Mn- and Cu-catalase model syst§20s44,45] tractive, environmentally acceptable tool. On the basis of
On the basis of the kinetic data the following mechanism kinetic data a plausible mechanism is proposed assuming
for the catalytic reaction steps can be proposed (@}(6)): (hydroxo)copper(lll) species as intermediate. However, ev-
idence for its presence is still missing. It is also notewor-
Cug gzcd' (4) thy that (ketocarboxylato)copper complexes have a much
higher activity than the corresponding (carboxylato)copper

2cd' + Ho0, 22 2cU'—OH (5) complexes. The rate dependence on the catalyst suggests that
slow the benzoato copper complex is mainly in the monomeric

| ko | form, while that of the ketocarboxylato complex exist in the
2CU"—OH + H,0, =% 2Cd' + 0, + 2H,0 (6) dimeric form with a smalK; value.

The dimeric copper carboxylate complexes dissociate to
monomeric copper species (Kd)) in a fast pre-equilibrium.
The monomeric complexes react then in the rate-determining
step with BhO2 undergoing oxidative addition of the per-
oxide bond to Cli giving (hydroxo)copper(lll) complexes.
These react then in a fast consecutive step with furth€,H
ending-up in mononuclear Cu(ll), dioxygen, and® The
oxidative addition of HHO, on Cu(ll) may be supported by a
similar reaction of CuClwith dibenzoyl peroxide giving asta- References
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