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To provide more complexes which are expected to yield better similarity to authentic

SOD (Superoxide Dismutase) and to have certain SOD activity, two novel 1 D linear

complexes composed of binuclear copper(II) units are synthesized and characterized

with the structural units bridged by oxamide-N,N�-diacetic acid. They are

{Na[Cu2(oxaa)OAc]�H2O}n (I) and {Na[Cu2(oxaa)(o-phenylenediamine)2OAc]�2.5H2O}n

(II), where oxaa denotes oxamide-N,N�-diacetic acid tetraanion. The temperature depend-

ence of the magnetic susceptibilities of {Na[Cu2(oxaa)(o-phenylenediamine)2OAc]�2.5H2O}n

was investigated between 4.99–299 K, giving the exchange parameter J = –294.1 cm
–1

.

This result is demonstrated with an antiferromagnetic interaction between the adjacent

copper(II) centers. In addition, the SOD-like activity of the complex (II) is discussed.
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Authentic SOD and its mimics are of current interest because: (a) In organism, the

superoxide dismutases are the most important protein enzymes of the protective en-

zyme system against oxygen free radicals, which can be destructive if not be eliminated

in time to keep at a low unharmful level [1,2]; (b) The superoxide dismutase has many

limitations in medicine development [3], which arouses the thriving of studies on

SOD mimics and related complexes. It is reported that there exists a ferromagnetic

coupling between the two copper(II) centers after the zinc(II) is replaced in the au-

thentic SOD [4]. Therefore, bridging ligands, which can propagate binuclear com-

plexes with an antiferromagnetic interaction between coordination centers, are of

more importance in the studies of SOD mimics. N,N�-disubstituted oxamidos [1,5]

have been playing a key role in the design of polymetallic systems for the following

reasons: (1) Previously reported complexes bridged by them are mostly found with

antiferromagnetic coupling between metal centers [1,5]; (2) They possess good ver-

satility as bridging ligands, due to (a) their easy cis-trans conformational change

affording symmetric and asymmetric oxamidato bridges [6–7] and (b) the bidentate
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character of the mononuclear metal-oxamidato complex, which allows the formation

of di- [8–9], tri- [10–11] and tetranuclear [12–13] complexes.

In this paper, two novel complexes bridged by oxamide-N,N�-diacetic acid [ab-

breviated as H4(oxaa) referring to Fig. 1] have been synthesized and characterized to

provide more structural examples and supporting data for the research of SOD mi-

mics.

EXPERIMENTAL

Reagents and materials: All chemicals were of analytical grade and were purchased from the Pe-

king Chemical Company. The ligand oxamido-N,N�-diacetic acid was synthesized by the following gen-

eral procedure reported in [1]. 20 mmol glycine dissolved in about 25 cm
3

of water was neutralized with

equivalent NaOH, and then 10 mmol of diethyl oxalate in 25 cm
3

of ethanol was added to the aqueous so-
lution. After the mixture was heated to 60�C with stirring, an excess of HCl (pH = 1) was added for precipi-

tation of white microcrystals of free H4(oxaa). The product was filtered off, washed with cold water,

ethanol and ether and then dried in vacuo.

Preparation of {Na[Cu2(oxaa)OAc]�H2O}n (I): Added 2 mmol H4(oxaa) into 15 cm
3

H2O, and a

suspending liquid was obtained. Then 8 mmol NaOH in 15 cm
3

H2O was dropped leading to a mixture so-

lution. Puting 30 cm
3

water solution of 4 mmol Cu(OAc)2�H2O into above-mentioned mixture solution,

blue microcrystalline product formed immediately. After the procedure of stirring the reaction mixture

for 3 h, and filtering out the precipitation and then washing several times with absolute methanol and ether

respectively, the product was finally dried in vacuo.

Preparation of {Na[Cu2(oxaa)(o-phenylenediamine)2OAc]�2.5H2O}n (II): Put H4(oxaa) (204.1 mg,

1.0 mmol) and o-phenylenediamine (216.3 mg, 2.0 mmol) in 10 cm
3

absolute ethanol to obtain a mixture

suspending liquid, then added NaOH (4.0 mmol, methanol solution) dropwisely, and then a solution of

Cu(OAc)2�H2O (399.3 mg, 2.0 mmol) in 10 cm
3

absolute methanol had to be added. After stirring of 4 h, a

yellow green microcrystalline product was formed. Microcrystals had to be washed several times succes-
sively with absolute methanol and ether and finally dried in vacuo. Analyses confirmed the compositions

given.

Physical measurements: Elemental analyses of carbon, hydrogen and nitrogen were performed on a

Perkin-Elmer elemental analyzer, Model 240. The infrared spectra were recorded in the region of 4000

cm
–1

to 200 cm
–1

on a Peking Elmer 983G, using KBr pellets. X-ray electron spin resonance spectra of

powdered samples were measured on a Bruker ER 200 D-SRC ESR spectrophotometer. UV-Vis spectra

were recorded on a Beckman-DU8B spectrophotometer. Variable temperature magnetic susceptibilities

(4.99–299 K) were carried out at the Institute of Physics, Chinese Academy of Sciences, China, using a

Superconducting Quantum Interference Device (SQUID) Magnetometer. Diamagnetic corrections were
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Figure 1. Structure of H4(oxaa).



made with Pascal’s constants for all the constituent atoms, and the magnetic moments were calculated us-

ing the equation �eff = 2.828(�M T)
1/2

.

Superoxide dismutase activity assay: Superoxide dismutase activity was investigated in a classical

way using 1,2,3-benzenetriol as a superoxide generating system and authentic superoxide dismutase or

the studied complexes as the scavengers for superoxide. In the first step of the assay, a standard curve was

drawn to calculate the IC50of the authentic Cu-Zn superoxide dismutase, according the experimental data

using authentic SOD as a scavenger for superoxide. In the second step, experiments were performed to de-

termine the IC50 of the complexes. In a typical experiment, 1.1 cm
3

of 0.015 mmol�dm
–3

water solution of

complex II was added into a mixture of 4.5 cm
3

TRIS-HCl buffer (pH = 8.23) and 3.1 cm
3
H2O. The mix-

ture was kept in water at 30�C for 30 min and then 0.3 cm
3

water solution of 1,2,3-benzenetriol was added

with stirring. The absorbance of the final reaction mixture was immediately monitored at 319.2 nm

against a comprison sample of 10 mmol�dm
–3

HCl solution on a Beckman-DU8B UV-Vis Spectro-

photometer. The IC50 (the amount of copper(II) complex, which produces a 50% inhibition on 1,2,3-

benzenetriol self-oxidation) was consequently obtained from a plot of percent inhibition versus complex

concentration.

RESULTS AND DISCUSSION

General characterization: Elemental analyses demonstrate that the reaction of

H4(oxaa) with Cu(OAc)2�H2O or Cu(OAc)2�H2O and o-phenylenediamine produced

two novel binuclear copper(II) complexes.

Physical data of the complexes are listed in Table 1. From the selected infrared ab-

sorption bands, the amide I bands are located at 1630 cm
–1

and 1600 cm
–1

for complex

I and II respectively, while it occurs at 1640 cm
–1

for free H4(oxaa). The red shift of

the amide I bands is in accordance with the presence of a bridging oxamidato [5]. The

stretching vibrations of carboxylato groups, �as(COO
–
) and �s(COO

–
), appear as si-

gnificant absorptions, which are at 1665 cm
–1

and 1375 cm
–1

for complex I, 1675 cm
–1

and 1380 cm
–1

for complex II. Apparently, the separation �� [�as(COO
–
) – �s(COO

–
)]

for two complexes are 290 cm–1 and 295 cm–1 respectively, both of which are much

more than 200 cm–1. This suggests that both carboxylato groups of the complexes are

in a monodentate coordination mode. In addition, a very broad band around 3440

cm
–1

partially owing to lattice water molecules for both complexes can be observed.

Table 1. Physical data of the complexes.

Complex Color
IR (cm

–1
) �eff (�B)

�(C=O) �as(COO
–
) �s (COO

–
) Room Temp.

I blue 1630 1665 1375

II yellow green 1600 1675 1380 1.65

The electronic spectra for both complexes were studied in water solution at the

range of 190–900 nm. For both complexes, the spectra present a pretty broad d-d band

at 680 nm and 719 nm respectively, which can be assigned to copper(II) d-d transi-

tions. For complex I, there are two additional bands, one at 265 nm and one shoulder

band at 355 nm appearing to be of ligand-to-metal charge-transfer origin. For com-
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plex II, there appear three additional bands, one at 207 nm and two shoulder bands at

231 nm and 288 nm, can also be ascribed to charge-transfer (CT) transition.

On the ground of the elemental analyses, IR spectra, electronic spectra, the com-

plexes are proposed to have an oxamidato-bridged 1 D structure and consist of two

copper (II) ions in a distorted square-pyramidal for complex I (see Fig. 2 – I) or octa-

hedral coordinated environment for complex II (see Fig. 2 – II).

ESR spectra of the complexes: The electron spin resonance spectra of the com-

plexes were studied at room temperature, mainly aiming to get reasonable g values for

magnetism analysis. Forbinuclear copper(II) complexes, the antiferromagnetic inter-

action between the metal centers shows a molecular spin singlet (S = 0) and a molecu-

lar spin triplet (S = 1). As shown in Fig. 3, both complexes show a dissymmetric shape

of upper and lower peaks at about 3600	10
–4

T corresponding to the allowed transi-

tion of �Ms = 
1, which indicates a very weakly anisotropic triplet states. Thus,

using g3 and g4 of Mn-reference in Fig. 3, the spectrum parameters can be deduced: g//

= 2.20, g� = 2.06, g = 2.11 for complex I; g// = 2.20, g�= 2.08, g = 2.12 for complex II.

Moreover, a very weak signal (g � 4) at half-field (~1600	10–4 T) can be assigned to

the �Ms = 
2 forbidden transition, which is roughly 10
–3

times the �Ms = 
1 transi-
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tion. The appearance of the half-field signals confirms a magnetic interaction betwe-

en two Cu(II) ions for the complexes.

Magnetism analysis of the complexes: Magnetic properties of complex II were

analyzed at 1.0 T between 4.99–299 K. The room temperature� eff is 1.65 �B for com-

plex II, which is lower than the spin-only value 2.45 �B for copper(II)–copper(II) sys-

tem. Meanwhile, the � eff values decrease significantly with decreasing temperature,

which demonstrates the presence of an antiferromagnetic coupling between two

copper(II) centers of the complex.

On the ground of Hamiltonian operator (deduced from the Heisenberg Model)
� � �H = JS S1 2 �2 with S1 = S2 = 1/2. The molar susceptibility of copper(II)–copper(II)

system is given by:

� M
' = �M/[1 – (2z�J�/N�2

g
2
)]��M

�M = (2N�2
g

2
/kT)[3 + exp(–2J/kT)]

–1
(1 – �) + N�2

g
2�/2kT + N�

where �M denotes the susceptibility per binuclear complex, z �J� the intermolecular in-

teraction, � the fraction of uncoupled copper(II) impurity, N� the temperature inde-

pendent paramagnetism (N� = 120	10
–6

cm
3�mol

–1
) and the other symbols have their

usual meanings. As shown in Fig. 4, good least-squares fit to experimental data are at-

tained. The magnetic parameters thus determined are: exchange factor J = –294.1

cm
–1

, g = 2.12 (determined according the g value of complex II, referring to the analy-

sis of the ESR), z�J� = 0.062, �= 0.173 and fitting factor F = 7.71	10
–6

(F = �[(�M)obs.

– (�M)calc.]
2
/�(�M)obs.). This result indicates a strong antiferromagnetic interaction in

the paramagnetic centers of complex II. Magnetism analysis on authentic SOD found
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that there would be an antiferromagnetic coupling between two copper(II) centers

with the magnetic exchange parameter being –26 cm–1, if the zinc(II) was replaced by

a copper (II) [4]. However, there seems to exist a ferromagnetic interaction between

two coppers of the previously reported complexes bridged by phthalate [15]. From

this point of view, oxaa might be a better bridging ligand than phthalate.

SOD-like activity of {Na[Cu2(oxaa)(o-phenylenediamine)2OAc]�2.5H2O}n:

The Cu-Zn SOD activity and the superoxide dismutase-mimetic activity were measured

in the indirect way, using 1,2,3-bezenetriol as the superoxide generating system and

Cu-Zn SOD or the studied complexes as the superoxide scavenger. The IC50 is defined

as the concentration of complex or authentic SOD, when it produces 50% inhibition

on 1,2,3-bezenetriol self-oxidation. According to the experimental data, the standard

curve of authentic SOD inhibiting 1,2,3-bezenetriol self-oxidation was drawn and the

IC50 was consequently obtained, giving 0.0059 �mol�L
–1

(see Fig. 5), which is the

same with the IC50 reported in [16]. The IC50 of the tested complex II was calculated in

the same way, which is 30.6 �mol�L
–1

(see Fig. 6). However, no reliable data were ob-

tained for the SOD-like activity of the studied complex I, because of its low solubility

in water.

In conclusion, one of the complexes in discussion, complex II, has SOD-like ac-

tivity, but much lower than the authentic CuZn-SOD. In the magnetism analysis of the

complexes, including those we previously reported [1,17–19], it is found that the

structure models have a direct effect on whether the results of magnetic fitting are sat-

isfactory or not. Therefore, magnetic analysis can be a powerful and assuring way to
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describe the structures of the SOD mimetic complexes. However, to determine the

structures of the discussed complexes, more data, especially from X-ray analysis on

single crystal, are strongly needed. Meanwhile, much work should be carried out on

the testing of the biological activity of these complexes, and the studies of the rela-

tionship between the structural similarity and activity.

Synthesis, characterization, and SOD-like activity testing... 843

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
0

10

20

30

40

50

60

(0.0059, 50)

%
In

hi
b
iti

on

Concentration(µmol/L)
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in the concentration of authentic superoxide dismutase.
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