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A series of copper(II) and zinc complexes of 2-hydroxyacetophenone semicarbazones have been prepared
and evaluated as superoxide dismutase (SOD) mimetics. The SOD-like activity of parent ligands and com-
plexes were determined by the inhibition of nitroblue tetrazolium (NBT) reduction method, using xan-
thine/xanthine oxidase as the superoxide radical generator. The obtained results indicate that Cu(II)
complexes exhibited the most potent SOD-like activities with the IC50 values ranging from ca. 0.2 to
4 lM. Among copper complexes, 2-hydroxy-4-methoxyacetophenone semicarbazone analog was the
most active compounds (IC50 �0.2 lM).

� 2010 Elsevier Ltd. All rights reserved.
Reactive oxygen species (ROS) such as superoxide O2
�� and their

products are credited with important roles in the oxidative stress
of biological systems.1 Oxidative stress causes damage to lipid
membranes, proteins, lipoproteins, nucleic acids, and many other
biomolecules, and leads to the development of a wide range of path-
ophysiological conditions and serious diseases including cardiac
ischemic/reperfusion injury, inflammatory processes, neurodegen-
erative disorders, atherosclerosis, cancer, or diabetes mellitus.2–4

Accordingly, the use of superoxide dismutase (SOD) enzymes and
modified SODs have been suggested as a useful therapy in combating
the action of superoxide radicals in the pathogenesis of inflamma-
tory, degenerative, and metabolic diseases.5 However, application
of natural SODs is limited by their high cost and short plasma half-
life, and also some disadvantages in their oral bioavailability, chem-
ical stability, cell permeability and immunogenicity.6 Therefore, low
molecular weight SOD mimics have been potentially studied to
overcome these limitations.7

Most SOD mimics have been designed with a redox active metal
center, similar to the active site metals of the natural SODs, that is,
copper(II), which allows the change of metal coordination occur-
ring during the catalytic process. Many low molecular weight
All rights reserved.
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complexes of copper and other metals have also been reported to
exhibit SOD mimic activities.8,9 Moreover, copper complexes of
amino acid residues, peptides, and salicylate derivatives,10–13 mac-
rocyclic and tetradentate Schiff-bases14,15 are known to be useful
SOD-like analogs.

Studies of semicarbazones and their metal complexes have
been subject of interest because of their chemical and biological
properties. In particular, several copper(II) complexes of semicar-
bazones have been reported to exhibit SOD-like activity. For exam-
ple, the copper(II) complexes of the Schiff base salicylaldehyde
semicarbazone has been reported as a SOD mimic.16,17 In this
Letter, we present preparation and SOD-like activity evaluation of
copper(II) and zinc complexes of 2-hydroxyacetophenone
semicarbazones.

The copper(II) and zinc complexes of 2-hydroxyacetophenone
semicarbazones (3a–c and 4a–c, respectively) were prepared as
illustrated in Figure 1. The ligands 2-hydroxyacetophenone
semicarbazones 2a–c were synthesized by reaction of 2-hydroxy-
acetophenones 1a–c with semicarbazide hydrochloride.18 The cop-
per(II) and zinc complexes were prepared by refluxing equimolar
amounts of CuCl2�6H2O or ZnCl2 and the corresponding ligand in
EtOH for 2 h. Followed by cooling, a crystalline product was ob-
tained, which were collected, washed with chilled ethanol, and
dried under vacuum.19
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Figure 1. Synthesis of ligands 2a–c, copper(II) complexes 3a–c, and zinc complexes 4a–c. Reagents and conditions: (a) semicarbazide hydrochloride, CH3COONa, H2O, rt; (b)
CuCl2�6H2O or ZnCl2, EtOH, reflux, 2 h; (c) MeI, K2CO3, acetone, reflux.

Table 1
SOD activity (NBT inhibition) of free ligands 2a–c and their Cu(II) and Zn complexes
(3a–c and 4a–c)

2a-c 3a-c and 4a-c

CH3

N
R

O
NH

NH2
O

M

Cl

CH3

N

R

OH NH

NH2O

Compound R M IC50
a (lM)

2a H 583.09 ± 31.01
2b OH >1000
2c OMe >1000
3a H Cu(II) 4.06 ± 0.35
3b OH Cu(II) 0.51 ± 0.24
3c OMe Cu(II) 0.2 ± 0.13
4a H Zn 151.8 ± 5.05
4b OH Zn 90.7 ± 4.3
4c OMe Zn 527.01 ± 73.93
CuCl2 — — 4.77 ± 1.34
SODb — — 5.2 units/mL

a SOD activity was determined by indirect assay, nitroblue tetrazolium (NBT)
method. The IC50 value (means ± SD, n = 3) is defined as the concentration of test
compound that is required to inhibit the reduction rate of NBT by 50%.

b Native Cu2Zn2-SOD enzyme as positive control.
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The SOD activity of parent ligands and complexes were deter-
mined by the inhibition of nitroblue tetrazolium (NBT) reduction,
using xanthine/xanthine oxidase as the superoxide radical genera-
tor.20 Catalase was also added to remove H2O2 from the system.
The NBT reduction by O2

�� and formation of blue formazan was
spectrophotometrically monitored at 560 nm, estimating its initial
rate in the absence, and in the presence of different concentrations
of compounds. The IC50 values were determined by regression
analysis and interpolation of the percent of inhibition versus con-
centration. The IC50 value is defined as the concentration of the
compounds that is required to inhibit the reduction rate of NBT
by 50%.

The SOD activity of Cu(II) and Zn complexes were compared
with those of free ligands, copper(II) chloride and the native
Cu2Zn2-SOD, as shown by the IC50 values in Table 1. The IC50 values
of the test derivatives indicate that free ligands 2b and 2c exhibited
no SOD activity (IC50 >1000 lM), while remaining ligand 2a
showed some activity. All Cu and Zn complexes were SOD mimics,
and showed much greater SOD activity than their corresponding
parent ligands. The rage of IC50 values for Cu(II) complexes were
from ca. 0.2 to 4 lM, while the IC50 values of Zn complexes were
more than about 90 lM. These results supported the fact that cop-
per is more suitable for the SOD activity. Among copper complexes,
methoxy analog of semicarbazone 3c was the most active com-
pound (IC50 value �0.2 lM). The introduction of hydroxy or meth-
oxy group at the 4-position of acetophenone system in the copper
complexes, increased the SOD activity. Also, the SOD activity of
methoxy analogs was higher than that of the hydroxy derivatives
in this series. In contrast, substitution of hydroxy or methoxy
group in free ligands decreased the SOD activity.

The proposed structure of complexes 3a–c consists of a neutral,
mononuclear four-coordinate copper(II) complex with 2-hydroxy-
acetophenone semicarbazone ligands providing N,O,O donor atom
set while the fourth position is being occupied by the chloride ion.
Our knowledge about the redox properties of copper complexes of
2-hydroxyacetophenone semicarbazones as N,O,O donor ligands
are limited. Generally, the redox properties of the complexes de-
pend on several factors such as the chelate ring size, axial ligation,
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Figure 4. Proposed mechanism for the dismutation of superoxide radicals by
copper(II) complexes.

3072 M. Safavi et al. / Bioorg. Med. Chem. Lett. 20 (2010) 3070–3073
degree and distribution of unsaturation and substitution pattern in
the chelate ring.21

In order to understanding of the redox properties of these
copper(II) complexes, cyclic voltammetric measurements of com-
pounds 2a–c and 3a–c were carried out.22 Cyclic voltammograms
(CV) of the complexes were recorded and were compared with
those obtained with the respective free ligands, in identical exper-
imental conditions. The compounds were scanned at three scan
rates. All the cyclic voltammograms are more or less similar with
minor variation in the position and appearance of some peaks.
The CV obtained for representative ligand 2a, between �1.2 V
and 1.8 V at v = 100 mV s�1, is presented in Figure 2. The complete
scan shows only one redox process at Epa = 0.99 V that can be re-
lated to the oxidation of the phenolic group of the ligand. It is pos-
sible to infer that the oxidized species changes through this
reaction into a different and electrochemically active compound
which is reduced at �0.87 V. Figure 3 shows CV for the copper(II)
complex 3a. In this voltammogram, the redox phenol couple was
decreased and a new and high redox peak was appeared at
Epa = 0.49 and Epc = �0.41 for copper center. This shows that the
phenol group of ligand is binding with central Cu. The copper cen-
ter is reduced in one successive two electron transfer reactions
(Fig. 3). The first reduction can be attributed to the Cu(II)/Cu(I) pro-
cess. This couple is found to be quasi-reversible.
Figure 2. Cyclic voltammogram of free ligand 2a, 0.01 M at 100 mV s�1 scan rate.

Figure 3. Cyclic voltammogram of copper(II) complex 3a, 0.01 M at 100 mV s�1

scan rate.
The ratio (Ip/m1/2) is practically constant for all the compounds
which indicated that is diffusion controlled. For all complexes the
couple corresponding to Cu(I/II) redox process can be inferred as
quasi-reversible one-electrode processes on the basis of the above
observation.

Proposed mechanism for the dismutation of superoxide radicals
by copper(II) complexes of 2-hydroxyacetophenone semicarba-
zones could be explained by the redox cycling of the complexes
as shown in Figure 4, in which CuIIL is used as an example for sim-
plicity. The complex CuIIL could be reduced to CuIL complexes by
superoxide radicals. The resulting CuIL complexes are readily oxi-
dized to CuIIL complexes, while the superoxide radicals are con-
verted to hydrogen peroxide. On the other hand, the coordination
geometry is an important factor in characterizing SOD-mimetic
complexes. The catalytic cycle of the native Cu2Zn2-SOD enzyme,
requires the reversible conformational change of the active site
from a square planar arrangement of Cu(II) into a distorted tetra-
hedral form, more adequate to Cu(I).23 This considerable distortion
of the geometry of copper(II) in native Cu2Zn2-SOD enzyme is one
of the features that enhances the catalytic activity of this enzyme.
Therefore, it could be expected that copper(II) complexes exhibit-
ing appreciable square planar distortion should also show high
SOD-like activity.24

In conclusion, a series of copper(II) and zinc complexes of 2-
hydroxyacetophenone semicarbazones have been prepared and
evaluated as superoxide dismutase (SOD) mimetics. The catalytic
SOD activity of parent ligands and complexes were compared by
the NBT reduction bioassay. The obtained results indicate that
Cu(II) complexes exhibited the most potent SOD-like activities
with the IC50 values ranging from ca. 0.2 to 4 lM. Among copper
complexes, 2-hydroxy-4-methoxyacetophenone semicarbazone
analog was the most active compounds (IC50 value �0.2 lM).
These bioactive compounds have the potential to modulate the
biological properties of superoxide anion, thus it is interesting to
further investigate their therapeutic efficacy in different biological
models of diseases where the overproduction of superoxide radical
and/or SOD dysfunction have been implicated.
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