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Superoxide dismutases, which catalyze the dis- 

mutation of the superoxide anion (0,~) to molecular 

oxygen and hydrogen peroxide [I], are found in all 

free-living organisms except for some oxygen-sensitive 

obligate anaerobes. 02- is the one-electron reduction 

product of O?, and is generated as a by-product of 

oxidative metabolism. Fridovich found that a family 

of superoxide dismutases having Cu and Zn, or Fe, 

or Mn at the active site are important for protection 

against the toxic effect of this free radical [l]. The 

structure of bovine Cu-Zn superoxide dismutase 

(SOD) has been determined to 2 A resolution [2]; 

the active site Cu(I1) and Zn(I1) lie 6.3 A apart and 

the Cu ligand forms a tetrahedrally distorted square 

plane. At present, several copper(U) complexes are 

known to dismutate 02- [3-51, however, there is no 

copper(I1) complex which can trap 02- at ambient 

temperature. In this article we wish to report the 

first example of a colored species formation between 

a mononuclear copper complex and superoxide 

anion. 

The copper(I1) complexes cited in this article are -1 .o 0 

illustrated in Scheme 1. E/V vs. SSCE 

*Author to whom correspondence should be addressed. 
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Scheme 1. 

In Fig. 1 the cyclic voltammograms (CV) of 
[Cu(salen)] (square planar complex) and [Cu(saltn- 
OH] (distorted tetrahedral complex) [6] are shown. 
In argon (Ar) atmosphere, [Cu(salen)] and [Cu(saltn- 

Fig. 1. CV of copper complexes (in dmso, 0.1 M [(n- 
butyl),N]BF, as a supporting electrolyte; 0.002 M copper(U) 
complex; glassy carbon electrode; scan speed 100 mV/s; 
25 “C). A: [Cu(salcn)] under Ar, B: [Cu(salen)] under 02, 
C: [Cu(saltn-OH)] under Ar, D: [Cu(saltn-OH)] under OZ. 
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OH)] exhibit a quasi-reversible wave at - 1.14 and 
-0.97 V (versus SSCE, saturated sodium chloride 
calomel electrode) in dimethyl sulphoxide (dmso), 
respectively (cf. traces A and C in Fig. 1). These 
should correspond to the Cu(II)/Cu(I) redox couple 
[7]. In the presence of O2 (saturated in dmso; the 
concentration of O2 is 2.1 mM [S] and the O2 molecule 
undergoes quasi-reversible reduction at -0.71 V in 
dmso), some changes were observed in the CV. In 
the case of [Cu(salen)], the reoxidation peak 
(Cu(I)+Cu(II)) disappeared as seen in Fig. 1, im- 
plying that the copper(I) species formed may react 
with O2 or 02-, although the reduction peak 
(Cu(I1) -+ Cu(1)) was always observed (SO-1000 
mV/s scan rate) in the presence of the O2 molecule. 
On the other hand, the reduction peak of [Cu(saltn- 
OH)] disappeared in the presence of 02, as shown 
in trace D of Fig. 1. This suggests that the complex 
[Cu(saltn-OH)] is reacting with the 02- ion, which 
is formed electrochemically at -0.71 V. 

In order to confirm the above suggestion, we have 
investigated rhe reaction between the copper(I1) 
complex and superoxide anion produced by the elec- 
trochemical reduction of O2 molecule in dmso, the 
concentration of 02- being determined from cyclic 
voltammetry based on the results reported by Sawyer 
and Roberts, and Stein et al. [8]. When a dmso 
solution of 02- (2.8 mM) was added to a dmso 
solution of [Cu(salen)] (2 mM), no change was 
observed for the color and d-d bands in the absorption 
spectra. On the other hand, the green solution (cf. 
trace A in Fig. 2) of [Cu(saltn-OH)] (l-2 mM) 
turned to brown immediately on the addition of 02- 
solution (2.6-5.2 mM), but this brown solution is 
unstable at room temperature, decomposing within 
a few minutes. We followed this color change using 
spectroscopic and stopped-flow techniques at 25 “C. 
The results indicated that the addition of 02- caused 

Wavelengthlnm 

Fig. 2. Absorption spectra of reaction mixture (in dmso; 
equal quantities of 02- (2.6 mM) and [Cu(saltn-OH)] (2 
mM) were mixed). A: [Cu(saltn-OH)] (1 mM), B: 9 s after 
mixing, C: 25 s after mixing, D: 153 s after mixing. 

the instantaneous increase of absorbance around 650 
nm and in the range 500-550 nm as shown in Fig. 
2, and these absorption bands disappeared rapidly 
(cf. Fig. 3), yielding a yellowish-green solution whose 
d-d bands are essentially similar to those of the 
original green solution (cf. Fig. 2). These facts dem- 
onstrate that 02- is reacting with [Cu(saltn-OH)], 
which is consistent with the result obtained by CV. 
The fact that all the distorted tetrahedral complexes, 
[Cu(saltn)], [Cu(saltn-OH)] and [Cu(vantn-OH)], ex- 
hibit high catalytic activity for the decomposition of 
02- (SOD-like function)*, whereas such a function 
is not observed for the square planar complex, 
[Cu(salen)], is consistent with the above conclusion. 
The formation of a brown species was not detected 
in the reaction mixture of [Cu(saltn)] and 02-, and 
[Cu(vantn-OH)] and 02-, the structural and elec- 
trochemical properties of these two compounds being 
very similar to those of [Cu(saltn-OH)]. For the 
cases of the [Cu(saltn)] and [Cu(vantn-OH)] com- 
plexes, a decrease of d-d band intensities (c. 650 
nm) was observed on the addition of 02- anion in 
the initial stage, and a similar decrease of the d-d 
band was also observed when the complex [Cu(saltn- 
OH)] was reduced by the electrochemical method. 
These suggest that the brown species observed for 
[Cu(saltn-OH)] and 02- should not be due to the 
formation of copper(I) species, but to an adduct 
formation between them. 

As shown in the previous paper [lo], in distorted 
tetrahedral copper(I1) complexes one unpaired elec- 
tron lies mainly in the d,+l orbital, and some lobes 
of this d orbital are not screened by the ligand 
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Fig. 3. Time course of absorbance at 650 nm in mixed 
solution of [Cu(saltn-OH)] (2 mM) and superoxide anion 
(2.6 mM) in dmso at 25 “C. 

*The content of superoxide anion in the reaction mixture 
(in dmso) was determined by the NBT method [9]. 



atoms. The present result clearly indicates that the 
presence of such a d orbital is necessary for the 
interaction of these copper(I1) compounds with su- 
peroxide anion. Based on this discussion, it seems 
reasonable to assume that the structure of the brown 
species is as illustrated below; 02- coordinates to 
the copper atom through the interaction with the 
unscreened d orbital, and the OH group in the ligand 
system may stabilize the Cu-02- adduct, perhaps 
through the formation of a hydrogen bond (see below) 
or a partial hydrogen atom transfer. 
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