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Abstract The systematical investigations on the catalytic
mechanisms of dismutation reactions for the superoxide
dismutase (SOD) mimics of Cu(bpy)Br2 and its derivatives
Cu(L1)Br2 and Cu(L2)Br2 (bpy=2,2’- dipyridyl, L

1=5,5’- di
[1- (triethylammonio)methyl]- 2,2’- dipyridyl cation and
L2=5,5’- di [1- (tributylammonio)methyl]- 2,2’- dipyridyl
cation) have been carried out by the DFT/UB3LYP method.
The catalytic reaction for each of these compounds is
confirmed to be a redox cycle consisting of two half-
reactions. In the first half-reaction, a proton is transferred
from hydroperoxide neutral radical (·OOH) to one nitrogen
atom of pyridinic ring with Cu(II) being reduced to Cu(I) in
the meantime. In the second half-reaction, the proton is
transferred back to another hydroperoxide radical (·OOH)
to form hydrogen peroxide molecule, oxidizing Cu(I) back
to its initial state. Our results show that the first half-
reaction for all reactions is the rate-controlling step with the
forward barrier values of 6.61, 4.84, 3.79 kcal·mol−1 for Cu
(bpy)Br2, Cu(L

1)Br2, and Cu(L2)Br2, respectively. Conse-
quently, the SOD-like activities of the three mimics are in
the order of Cu(bpy)Br2 < Cu(L1)Br2 < Cu(L2)Br2. The
effect factors on the SOD-like activity for the studied
compounds have also been discussed.
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Introduction

Superoxide dismutases (SODs), the ubiquitous metalloen-
zymes, can reduce oxidative stress in the intracellular
environment through preventing oxidative damage of a highly
toxic species of superoxide radical anion (O•-

2) [1]. They play
a key role in combating a broad range of diseases, such as
ischemic-reperfusion injury, inflammation, diabetes, neuronal
degeneration, cancer, aging, AIDS, and familial amyotrophic
lateral sclerosis (FALS) [2–6]. Three types of SODs
have been classified by their cofactor metal ions so far, i.e.,
Cu- and Zn- dependent SODs (CuZnSODs) [7], Fe- or/and
Mn-dependent SODs (Fe/MnSODs) [8], and Ni-dependent
SODs (NiSODs) [9]. CuZnSODs are the most abundant in
living nature [10–12]. The mechanism by which SODs
catalyze the conversion of toxic O•-

2 radicals to dioxygen
and hydrogen peroxide molecules is generally thought as
follows:

2O��
2 þ2Hþ� ��!SOD O2þH2O2

Valentine’s group has contributed a lot of information in
researching various kinds of SODs [13–17]. Pelmenschikov
and Siegbahn etc. have also systematically investigated the
catalyzing mechanisms of a series of natural SODs by
theoretical calculations [7, 9]. The dismutation reaction
mechanism of SOD complexes is generally accepted as a
redox cycle with two half-reactions. In the first half-reaction,
a SOD complex combines a hydroperoxyl radical (·OOH)
around its copper center as a complex reactant, followed by
the proton transfer process to form a dioxygen (O2) molecule
and a intermediate product with Cu(II) reduced to Cu(I). In
the second half-reaction, the intermediate product binds
another hydroperoxyl radical (·OOH) as a second complex

J Mol Model (2009) 15:1397–1405
DOI 10.1007/s00894-009-0505-2

Q. Lu :X. Li :Y. Wang (*) :G. Chen (*)
College of Chemistry, Beijing Normal University,
Beijing 100875, P. R. China
e-mail: wangy@bnu.edu.cn
e-mail: gjchen@bnu.edu.cn



reactant, then the initial SOD complex is reproduced via an
inverse proton transfer process, and H2O2 molecule is
formed with Cu(I) oxidized back to Cu(II) at one time.
Most studies have shown that the copper ion is the active-site
center [13, 18], and positively-charged residues of amino
acids (such as ammonium and guanidine groups) can
markedly increase the reaction activity [19–21].

Although natural SODs have been accepted as the
antioxidative therapeutic agents, there remain some major
drawbacks, such as the large molecular weight, immunolog-
ical problems and difficulties in traversing or penetrating
membrane barriers to reach target sites. Therefore, many
artificial SODmimics, bearing not only similar SOD activities
but also favorable structural and functional merits, have been
extensively studied and synthesized as pharmaceutical candi-
dates [22]. Interestingly, mononuclear Cu(II) complexes have
attracted increasing attention to their small molecular weight
and efficient activities as the SOD mimics. Moreover, they
have been considered as potentially good and simple models
for both simulating the superoxide dismutase activity and
understanding the more complicated metalloproteins. For
example, Mao’group has designed and synthesized some
SOD-mimetic compounds with high SOD-like activity [23,
24]. Moreover, many charged copper(II) complexes with the
ligands 5,5’- di[1- (triethylammonio)methyl]- 2,2’- dipyridyl
and 5,5’- di[1- (tributylammonio)methyl]- 2,2’- dipyridyl
have been synthesized so far [25–27]. Especially, bipyridine
ligands and its derivatives may form 1:1 or 1:2 copper
complexes. To the best of our knowledge, the catalytic
reactions and properties of these complexes have not yet
been systematically and theoretically investigated so far.

Considering the importance of understanding the effects
of different ligands on SOD-like activities, it is necessary to
study systematically a series of SOD mimics with main
ligands and their derivatives at a molecular level. In this
work, we employed DFT/UB3LYP method to study the
catalytic mechanisms and activities of Cu(bpy)Br2
(bpy=2,2’- dipyridyl) [28, 29] and their two derivatives
Cu(L1)Br2 and Cu(L2)Br2 (L

1=5,5’- di[1- (triethylammonio)
methyl]- 2,2’- dipyridyl), L2=5,5’- di[1- (tributylammonio)
methyl]- 2,2’- dipyridyl) complexes, as SOD mimics [25–
27]. Our research goals are: 1) to reveal SOD-like activity of

three SOD mimics theoretically and to compare with the
experimental results; 2) to address possible factors to affect
SOD-like activity of the compounds with different ligands.
The investigated results of catalytic properties for these
compounds will provide an insight into understanding
potential SOD-like activities of other similar SOD mimics
involving the redox dismutation reaction.

Computational details

The geometries of Cu(bpy)Br2 complex and two of their
derivatives, Cu(L1)Br2 and Cu(L2)Br2 complexes, were
fully optimized at the DFT/UB3LYP level to determine all
of the stable and saddle-point structures for the dismutation
mechanisms [30–32]. The calculations were carried out
with a mixed basis set: the LanL2DZ (double-ξ quality)
with Los Alamos effective core potentials (ECPs) for
copper atom [33–35] and 6-311G(d,p) basis set for the
other atoms. Furthermore, the large basis set SDD with the
Stuttgart-Dresden ECP has been employed for copper atom
to optimize the geometries and to calculate further the
energies for Cu(bpy)Br2 complex. The improvement of the
basis set has little influence on geometries and relative
energies, i.e., the deviation of bond lengths and bond angles
are less than 2%, and the deviation of reaction barriers are
less than 5%. Taking an acceptable computational cost into
account, the mix basis set of 6-311G(d,p)+LanL2DZ was
used for further calculations. For the biradical systems, the
unrestricted DFT/UB3LYP method was employed to
calculate the electronic properties of the complexes with
triplet and singlet spin states.

Frequency calculations for all stationary points were
carried out at the optimized basis set level to obtain Gibbs
free energies and to determine whether a given structure is a
minimum or a transition state (TS). All initial SOD mimics,
intermediates and final products have only real harmonic
frequencies, and each transition state has only a single
imaginary frequency which corresponds to the vibrational
model of hydrogen proton transferring. To understand the
properties of the complexes, the solvent (water) effect is
considered as an important factor for reaction mechanism

Fig. 1 Scheme of structures of
Cu(bpy)Br2, Cu(L

1)Br2, Cu(L
2)

Br2 compounds
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calculations. The solvation energy calculations for all
reaction processes were performed with IEFPCM/UAKS
model [36–40]. The electronic properties of the stationary
points were also studied using the natural bond orbital
(NBO) analysis [41–44]. To improve the energy properties,
we employed a large mix basis set of LanL2DZ for copper
atom and 6-311++G(2df,2pd) for other atoms to refine the
reaction barriers. The results show that the refined forward
barriers at the larger mix basis set level are lower by 5%
than those at the optimized basis set level. Therefore, it is
clear that the energies obtained at the original basis set level
are reliable. All of our calculations were carried out by
using Gaussian 03 program [40].

Results and discussion

Geometries of the SOD mimic complexes

The scheme of structures for the studied SOD mimic
compounds is shown in Fig. 1 with the corresponding
symbols and labels for the key atoms. The computed key
bond lengths and angles for the optimized geometries of the
studied complexes are shown in Table 1. The optimized
structures of the complexes show that the Cu(II) ion in each
complex is coordinated by two nitrogen atoms of a ligand
and two bromine atoms with cis-planar characteristics (see
Fig. 1 and Table 1). The structures of center area close to
Cu atoms for all complexes are quite similar, except for two
bipyridyl ligands of Cu(L1)Br2 or Cu(L2)Br2 complex
linking to bulky quaternary ammonium groups. We can
see from Table 1 that the Cu – N or Cu – Br distances in
each complex are almost equivalent due to their ligands
with C2 axis symmetry. Namely, the average Cu-N and Cu-
Br bonds for Cu(bpy)Br2, Cu(L1)Br2 and Cu(L2)Br2
complexes are the values of 2.134, 2.142, 2.155 Å and
2.401, 2.387, 2.393 Å, respectively. The calculated Cu-Br
distances are consistent with the normal Cu-halogeno atom
distances reported by the experiments. Interestingly, the
increase of substitute chain lengths induces the increase of
Cu-N distances in these complexes, which may facilitate
the center Cu atom combining a substrate presented in the
dismutation reaction.

Dismutation mechanisms of the SOD mimics

Based on the previous mechanism discussion [7, 9], we
have investigated the dismutation reaction pathways and
activities of three SOD-mimic compounds. Considering the
fact that both two nitrogen atoms and two bromine atoms
may function as the acceptors of the transferred proton, we
have successfully found the most practicable pathway of
catalytic reaction theoretically. Namely, the pathway of a

proton transferring to a bromine atom is invalidate due to
causing the releasing of a hydrogen bromide (HBr)
molecule, then preventing the proceeding of second half
reaction. Therefore, only energetically favorable dismuta-

Table 1 Selected optimized parameters (distances: Å; angles: degree)
of all stable complexes (only triplet states for the first half-reactions)

Cu(bpy)Br2 Cu(L1)Br2 Cu(L2)Br2

SODM Cu-Br(2) 2.401 2.387 2.392

Cu-Br(3) 2.400 2.387 2.393

Cu-N(4) 2.134 2.142 2.154

Cu-N(5) 2.133 2.141 2.156

R1 Cu-O(6) 2.226 2.231 2.225

O(6)-O(7) 1.320 1.320 1.320

O(7)-H(8) 1.023 1.013 1.019

N(4)—H(8) 1.654 1.709 1.677

N(4)——O(7) 2.673 2.715 2.689

N(4)-H(8)-O(7) 174.4 171.4 171.4

TS1 Cu-O(6) 2.057 2.037 2.044

O(6)-O(7) 1.302 1.299 1.301

O(7)——H(8) 1.279 1.145 1.141

N(4)—H(8) 1.215 1.370 1.375

N(4)——O(7) 2.493 2.500 2.501

N(4)-H(8)-O(7) 176.1 167.3 167.2

P1 Cu-O(6) 3.258 3.361 3.455

O(6)-O(7) 1.207 1.206 1.206

O(7)——H(8) 3.197 2.285 2.305

N(4)-H(8) 1.045 1.030 1.030

N(4)——O(7) 3.373 3.116 3.122

N(4)-H(8)-O(7) 90.6 136.8 135.3

R2 Cu-O(9) 1.977 1.973 1.964

O(9)-O(10) 1.418 1.419 1.426

O(9)—H(8) 1.524 1.391 1.443

N(4)-H(8) 1.090 1.140 1.121

N(4)——O(7) 2.593 2.516 2.530

N(4)-H(8)-O(7) 165.1 167.4 161.1

TS2 Cu-O(9) 1.954 1.975 1.961

O(9)-O(10) 1.449 1.429 1.430

O(9)—H(8) 1.347 1.319 1.408

N(4)—H(8) 1.163 1.181 1.144

N(4)——O(7) 2.498 2.487 2.519

N(4)-H(8)-O(7) 168.7 168.4 161.6

P2 Cu-O(9) 3.252 2.130 2.215

O(9)-O(10) 1.449 1.451 1.455

O(9)-H(8) 0.982 1.003 0.986

N(4)—H(8) 3.490 1.711 1.851

N(4)——O(7) 3.696 2.673 2.720

N(4)-H(8)-O(7) 94.3 159.5 145.2

Note: SODM means the initial superoxide dismutase mimic; R1, TS1,
P1 and R2, TS2, P2 stand for reactants, transition states and products
in the first-half reaction and second-half reaction, respectively
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tion pathways involving a proton transferring to a nitrogen
atom for these SOD mimic compounds have been presented
in this paper. In addition, in consideration of the biradical
characteristics for some stationary points in the first half-
reaction, the triplet and singlet state calculations of these
studied SOD mimics for the investigated mechanisms were
also carried out at the open-shell DFT/UB3LYP level. The
results indicate that the reaction mechanisms with the triplet
states are energetically favorable. The calculated data,
therefore, only with the triplet states for the first half-
reactions have been shown in this paper.

The scheme of catalytic reaction mechanisms and all
calculated TS structures are shown in Figs. 2 and 3,
respectively. The computed critical bond lengths and angles
for the optimized geometries of all stationary points are
given in Table 1. The forward barriers (the difference of
Gibbs free energies between a reactant and a transition
state) of two half-reactions for all studied compounds are
shown in Table 2. In the first half-reaction of Cu(bpy)Br2
compound, the SODM compound combines a hydroper-
oxyl neutral radical (·OOH) at the axial direction of Cu-
ligand plane to form a complex reactant (R1) (see Fig. 2).
Then, the H(8) atom of ·OOH in R1 is transferred to N(4)

atom of pyridinic ring to form the product (P1) via the
transition state of H-transformation (TS1) (see Fig. 3).
Namely, the O(6) of ·OOH in the R1 complex coordinates
to Cu atom with Cu-O(6) distance of 2.226 Å, and the H(8)
atom binding to O(7) atom points to N(4) atom of pyridinic
ring with N(4)-H(8) distance of 1.654 Å (see Table 1). At
the TS1 complex, H(8) is localized between N(4) and O(7)
atoms with the N(4)-H(8) distance of 1.215 Å and the O(7)-
H(8) distance of 1.279 Å (see Fig. 3 and Table 1). The
imaginary vibrational frequency mode confirms that TS1 is
the correct transition state corresponding to the H(8)
transferring from the hydroperoxyl neutral radical to the N
(4) atom. The corresponding NBO orbitals relative to the
interactions are shown in Fig. 4. For the P1 complex, H(8)
atom binds to N(4) atom with the N(4)-H(8) distance of
1.045 Å and the O(7)-H(8) distance of 3.197 Å (see
Table 1). Interestingly, the O(6)-O(7) distance of 1.207 Å is
similar to that of normal oxygen molecule (O2), which is
favorable for the release of O2 molecule from P1, and
consequently for forming another intermediate compound,
SODMH. The calculated forward Gibbs barrier for the first
half-reaction is 6.61 kcal·mol−1. In the second half-reaction,
the SODMH produced from the P1 complex in the first

Fig. 2 Scheme of dismutation catalytic mechanism
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half-reaction combines another ·OOH radical at the same
direction as in the first half-reaction to form a complex
reactant (R2) (see Fig. 2). The positive charges on the Cu
ion can be considered as a drive force for the combination
of ·OOH radical for SODM (R1) and SODMH (R2)
reactants. Then, H(8) atom bound to N(4) atom in the R2
complex is transferred inversely to O(9) atom of ·OOH to
form the product (P2) via a transition state of H-
transformation (TS2). In detail, the O(9) atom of R2
complex coordinates to Cu cation with Cu-O(9) distance

of 1.977 Å, and the H(8) atom points to O(9) atom with O
(9)-H(8) distance of 1.524 Å (see Fig. 3 and Table 1). At
TS2, H(8) atom is localized between N(4) and O(9) atoms
with the N(4)-H(8) distance of 1.163 Å and the O(9)-H(8)
distance of 1.347 Å. The imaginary vibrational frequency
mode also confirms that TS2 is the correct transition state
corresponding to the H(8) transferring reversely to the O(9)
atom. The corresponding NBO orbitals relative to the
interactions are shown in Fig. 4. For the P2 complex, H
(8) atom bonds to O(9) atom with the O(9)-H(8) distance of

Fig. 3 Optimized TS1 and TS2 structures for three studied compounds
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0.982 Å and the N(4)-H(8) distance of 3.490 Å, which
presents the configuration of HOOH molecule binding to
the Cu cation of Cu(bpy)Br2 compound. In particular, the O
(9)-O(10) distance in the P2 complex is similar to the
normal O-O single bond in a hydrogen peroxide molecule
(H2O2) molecule, which is favorable for the release of a
H2O2 molecule from the P2 complex. The calculated
forward Gibbs barrier for the second half-reaction is about
4.24 kcal·mol−1. In the following step, a H2O2 molecule
releases from P2 to form the initial structure of Cu(bpy)Br2
compound and an isolated H2O2 molecule. The calculated
forward Gibbs barrier for the H2O2 releasing from this step
is 2.79 kcal·mol−1, which is lower than the first step barrier.
In summary, two studied half-reactions achieve a full redox
cycle of dismutation mechanism for Cu(bpy)Br2 com-
pound, and the first half-reaction is the rate-controlling step.

The dismutation mechanisms for Cu(L1)Br2 and Cu(L2)
Br2 compounds have also been studied in the present work.
The dismutation mechanisms are similar to that of Cu(bpy)
Br2 compound. Similar central structures of R1, TS1, P1,
R2, TS2 and P2 have been confirmed in these reaction
processes. The rate-controlling step for each of these
compounds is also the first half-reaction with the forward
barrier values of 4.84 and 3.79 kcal·mol−1 for Cu(L1)Br2
and Cu(L2)Br2 compound, respectively (see Table 2). With
regards to the calculations of the triplet and singlet states

for these complexes involved in the first half-reaction
pathways, the calculated forward barriers of the singlet
states for these complexes are higher than those of the
triplet states. So the stable triplet states of these stationary
points during the first half-reaction pathways represent
significantly the biradical characteristics of the dismutation
mechanisms. In addition, the present studies predict the
barriers of just 3~7 kcal mol−1 for the Cu(bipy)Br2
derivatives are much smaller than those of the previous
studies of Cu(Im)4 core complex with the barriers on the
order of 13-18 kcal mol−1 reported by Siegbahn et al. [7].
This can be explained by the fact that the steric hindrance is
much smaller for Cu(bipy)Br2 and its derivatives, and the
dimensional bulk of four-Im-ring ligands surrounding
copper ion for Cu(Im)4 core complex is larger, although
the active-site model with its Cu(Im)4 core is simplified.
Furthermore, the configuration flexibility of the present Cu
(bipy)Br2 and its derivatives can facilitate the catalytic
reactivity; whereas the three-Im-ring ligands of four Im
rings in Cu(Im)4 core complex are linked by some
hydrogen bonds in active-site model, which prevents from
its flexible ability.

Reactive activities of the SOD mimics

The relative Gibbs energies with respect to the
corresponding reactants are shown in Table 2. It can been
seen from Table 2 that the forward barriers in the rate-
limiting steps for Cu(bpy)Br2, Cu(L

1)Br2 and Cu(L2)Br2
compounds are in the order of Cu(bpy)Br2>Cu(L

1)Br2>Cu
(L2)Br2, which induces the SOD-like activity order of Cu
(bpy)Br2<Cu(L

1)Br2<Cu(L
2)Br2. Such trend is consistent

with the experimental results indicated by the IC50 values
and the second-order rate constants in the experiment [27].
Interestingly, the reaction forward barriers of the derivatives
Cu(L1)Br2 and Cu(L2)Br2 compounds are much lower by
27% and 43% than that of Cu(bpy)Br2 compound,

Table 2 Relative Gibbs free energies (kcal·mol−1)

Cu(bpy)Br2 Cu(L1)Br2 Cu(L2)Br2

R1 0.0 0.0 0.0

TS1 6.61 4.84 3.79

P1 −12.76 −6.26 −6.98
R2 0.0 0.0 0.0

TS2 4.24 2.00 0.85

P2 −18.10 −10.27 −5.13

Fig. 4 Profile of relative Gibbs
free energies for three reactions
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respectively. Their energy profile is shown in Fig. 5.
Consequently, their SOD-like activities are much higher
than Cu(bpy)Br2 compound. According to the natural
orbital population analysis (NPA) in the present work, the
reason can be explained by the fact that the highly positive
charges located at the ligands L1 and L2 facilitate the
hydrogen transfer. In addition, the substitute groups
(triethylammonio and tributylammonio) in the ligands L1

and L2 with the positive charges, which is similar to the
Arg141 aminophenol residue of the nature CuZnSOD
molecule with the positive charge, present reasonably high
SOD-like activities as SOD mimics [27]. Moreover, the
solvent effect is also an important factor for the reaction
activities of the compounds. The differences of calculated
solvent polarization energies between the reactants and
transition states (ΔEsolv = Esolv(TS) - Esolv(R)) have been
shown in Table 3. The ΔEsolv1 [Cu(L1)Br2] is larger than
ΔEsolv1 [Cu(L2)Br2] in the first-half reactions, which can
explain that the SOD-like activity of Cu(L2)Br2 compound
is higher than Cu(L1)Br2 compound because the smaller the
ΔEsolv is, the lower the forward barrier is. Similarly, the
ΔEsolv2 [Cu(L1)Br2] is still larger than ΔEsolv2 [Cu(L2)Br2] in
the second-half reactions (see Table 3 and Fig. 5). For the
structural changes during the reaction processes, the O(7)-H
(8) distances with the hydrogen transferring from R1 to
TS1 elongate 0.256 Å, 0.132 Å and 0.122 Å for Cu(bpy)
Br2, Cu(L1)Br2 and Cu(L2)Br2 compounds, respectively.
Synchronously, the separated angles of two pyridine ring
planes from R1 to TS1 enlarge 4.8, 6.5 and 10.8 degrees

for Cu(bpy)Br2, Cu(L1)Br2 and Cu(L2)Br2 compounds,
respectively. The change characteristics of these structural
parameters from R1 to TS1 predict that the SOD-like active
trend of the compounds, Cu(bpy)Br2<Cu(L

1)Br2<Cu(L
2)

Br2. On the other hand, the configuration flexibility of
complexes can still affect SOD-like activity due to the
conformation change of SOD mimics facilitating to receive
a transferred hydrogen atom in a dismutation reaction
process. Consequently, the substitute group of tributylam-
monio in L2 group is longer than triethylammonio in L1

group, which causes the great configuration flexibility of
Cu(L2)Br2 compound during the reaction process, and
ultimately, the higher SOD-like activity.

In addition, according to the natural orbital population
analysis (NPA), the net charge populations on the central
Cu cations of all studied complexes are shown in Table 4. It
can been seen from Table 4 that the positive charges on Cu
cations of the stationary points decrease gradually during
each first-half reaction process and increase gradually in the
second-half reaction. So Cu cation is reduced in the first
half-reaction, and is oxidized back to its initial state in the
second half-reaction, which indicates furthermore that the
catalytic mechanism studied in the present work is
reasonable for a redox cycle of dismutation reactions.

Fig. 5 Some NBO orbitals of TS1 and TS2 for Cu(bpy)Br2 compound

Table 4 NPA charges of Cu cations of all complexes

Cu(bpy)Br2 Cu(L1)Br2 Cu(L2)Br2

SODM 1.05 1.02 1.01

R1 0.99 0.94 0.64

TS1 1.01 1.04 1.05

P1 0.62 0.66 0.59

SODMH 0.62 0.66 0.64

R2 1.03 1.06 1.05

TS2 1.07 1.08 1.06

P2 1.10 1.11 1.11

Table 3 The solvent energies (kcal·mol−1)

Esolv(R1) Esolv(TS1) ΔEsolv1 Esolv(R2) Esolv(TS2) ΔEsolv2

Cu(L1)Br2 −130.56 −124.53 6.03 −127.88 −126.14 1.74

Cu(L2)Br2 −111 −106.63 4.37 −114.71 −114.44 0.27

Note: ΔEsolv1=Esolv(TS1) - Esolv(R1) ; ΔEsolv2=Esolv(TS2) - Esolv(R2)
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Conclusions

The systematic investigations at the DFT/UB3LYP level for
Cu(bpy)Br2 and its derivatives, Cu(L1)Br2 and Cu(L2)Br2
compounds, have theoretically confirmed the dismutation
mechanisms of the SOD-like activities to be a redox cycle
consisting of two half-reactions. In the first half-reaction, one
proton is transferred from hydroperoxide radical (·OOH) to
the N atom of one pyridine ring, while Cu(II) is reduced to
Cu(I); In the second half-reaction, the same proton is
transferred back to another hydroperoxide radical to form
hydrogen peroxide molecule, oxidizing Cu(I) back to its
initial state Cu(II). Based on the analysis of the forward
Gibbs energy barriers, the SOD-like activities of these
compounds increase gradually in the order of Cu(bpy)Br2 <
Cu(L1)Br2 < Cu(L2)Br2, which is consistent well with
experimental results. The effective factors in affecting their
SOD-like activities through the current theoretical inves-
tigations include the solvent effect, the structural and charged
characteristics of different ligands, the flexibility of complex
structures, and the electronic natures of their NBO orbitals.
Such observations are useful for understanding and rational-
izing the dismutation reaction activities of the SOD mimics
with the center-copper-ion and some highly charged ligands.
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