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98 A. W. Addison et al. 

TABLE II. Electrochemical data for Cu(L)(ClO& Com- 
pounds 

Ligand 

edbp 

debp 

edbd 

debd 

q2 ma tip (mWb lo6 XD (cm* s-l)’ 

-0.21 133 3.9 
+0.23d 
-0.13 100 5.2 
+0.22d 
-0.18 103 3.4 
+0.2gd 
-0.08 106 2.3 
+0.20dqe 

aReferred to nonaqueous electrode: add 0.544 V for SHE as 
reference. bAt scan rate 0.05 V s-r. ‘From RPE pola- 
rogram. dAdditional anodic peak. eWeak current peak. 

i=< 

+‘I00 +200 0 -200 -400 

Fig. 2. Cyclic voltammetry of Cu(edbp)(ClO& in MeOH/ 
THAP at 2.5 “c in the absence (broken trace) and presence 
(solid trace) of carbon monoxide. Scan rate = 0.05 V/s. 

electrochemical behaviour of the pyrazolyl com- 
plexes in methanol. The Erj2 values of the Cu(II)/ 
Cu(I) couples, as well as the peak potential separa- 
tions, AEn from the cyclic voltammograms obtained 
at 0.010 V s-l are collected in Table II. The diffu- 
sion coefficients were estimated from the limiting 
(plateau) currents of the RPE polarograms using 
the Levich equation [20] 

irim @A) = 9.48 X 10’ nA(D)2’3C(~)“2(~)-1’6 

where C is the concentration (mM) of the copper 
compound, w the electrode rotation rate and v the 
kinematic viscosity (in cm* s-l). 

Not only are the shapes of the cyclic voltammo- 
grams consistent with n = 1 (see Fig. 2), Cu*+ + e- f 
Cu’ processes, but also the D(n) values from the RPE 
polarography lie in a range (2.8 + 0.5 X 10v8 g cm 
s-‘) appropriate for n = 1 rather than n = 2 processes 

]141’ 

For a Nernstian one-electron redox system at the 
spherical electrode used here, we expect [21] to 
observe A&, = Ep+ - Ep,c of about 65 mV (uncom- 
pensated iR-drop also adds cu. 10 mV at scan rate 
v = 0.1 V s-l). The values observed for these com- 
plexes, ranging from 100 to 133 mV at v= 0.05 V 
s-r and increasing with increasing scan rate, indi- 
cate that they are not diffusion-controlled, but 
quasi-reversible redox processes. At all scan rates 
the AEn values are dependent on the methyl sub- 
stitution; the order of reversibility, based on this 
criterion, decreases as (R,, Ra) Me,H > Me,Me > 
H, Me > H,H, so that N-methylation is not only 
effective in raising the El,*, but also in conferring 
reversibility on the system. 

We propose two causes for the non-Nernstian 
A&, values and their marked dependence on scan 
rate: (i) the electron-transfer is likely limited by 
heterogeneous electron transfer kinetics at the 
Pt electrode, and (ii) there is a coupled homogeneous 
chemical reaction process. The latter (which inter- 
feres with the extraction of any electron-transfer 
rate constants from the data) is clearly evidenced 
by the occurrence, in all the compounds’ cyclic 
voltammograms, of a second anodic current peak 
(i,~), about 0.4 V more positive than the primary 
one. There is no anomalous cathodic current behav- 
iour, and the secondary anodic peak is least discer- 
nible in the debd complex. This suggests an EC 
mechanism, the homogeneous reaction step of 
which is connected to other observations regarding 
the compounds: (i) attempts to synthesize simple 
copper(I) complexes of the type Cu(L)C104 gave 
very low (<5%) yields, due to apparent metal-induced 
decomposition of the ligand in the MeOH/MeCN/ 
Cu(I) system used; Indeed, for debd, this is mani- 
fested by the formation of the dMp adduct. (ii) 
The secondary, more positive anodic peak disappears 
when the solutions are saturated with carbon 
monoxide. 

Though less significant for the debd complex, 
the effect of CO is quite apparent for the other 
three chelates, being most pronounced for the 
copper-edbp system. In this last case, the principal 
cathodic and anodic current peaks are also both 
shifted anodically by 64 mV, indicating preferen- 
tial binding of CO by copper(I), with an equilib- 
rium constant [19] value of ca. 11 atm-’ at 
25 “c. 

The results indicate that CO-binding corre- 
lates inversely with the degree of ligand methyla- 
tion; for debp, the potential shift is quite small 
(cu. +12 mV) and appears only on the anodic 
peak, while the latter is also true for Cu(edbd)’ 
(+50 mV). Therefore, in at least these latter two 
instances, any CO-binding is kinetically coupled 
to the redox process in the voltammetry timescale 
used. 



Tetradentate Pyrazolyl Amine-Copper Complexes 

A simple minimal scheme which is consistent 
with the synthetical and electrochemical observa- 
tions is: 

E C 
CuL2+ + e- \ CuL+ _ CuX+ 

41 
( 1 so 

C&CO)’ 
L represents the N4-chelating agent, while the +0.2 
V .oxidation wave is associated with oxidation of the 
reaction product CuX’, which is likely the conse- 
quence of the same processes which foil the CuL’ 
syntheses. As ip,a/ipqc increases only slightly with 
scan rate, and &2/ip,c increases by only 8% with a 
tenfold increase in u, the homogeneous reaction 
process is more likely an equilibrium than an irrever- 
sible reaction on the voltammetric timescale. The 
new copper(I) species CuX+ appear at more positive 
redox potentials, i.e. they are more stable relative 
to their copper(H) counterparts than are the original 
compounds. 

Attempts to isolate CuL(CO)C104 were also 
unsuccessful; in view of the weak and often non- 
equilibrium CO-binding, it is not surprising that the 
process ‘C’ is retarded sufficiently that little net 
reaction is observed on the voltammetric timescale, 
but that the pathway is still consequential enough 
to interfere with syntheses. 

It has been suggested previously [22] that the 
redox potentials can be considered to be additive 
and apportioned into contributions from ligand 
factors like alkyl substitution, chelate ring effects, 
number and types of donor atoms etc. In the present 
compounds a certain regularity is indeed observed 
in the E1,2 values; each N-methylation elevates 
Ei12 by 45 f 5 mV, while each pyrazole dimethyla- 
tion elevates it by 20 f 5 mV. The higher redox 
potential is indicative of a stabilization of the 
copper(I) state relative to the copper(I1) state. The 
electron-donating (inductive) properties of the 
various methyl substituents cannot be invoked to 
account for these trends in redox potential, as they 
should thus preferentially stabilize copper(I1) [23]. 
The effects of ligand methylation on the redox 
potentials must therefore derive from their struc- 
tural and geometric consequences, rather than their 
inductive properties. For four-coordinate copper 
complexes, increasing tetrahedral distortion is asso- 
ciated with more positive redox potentials [16] , 
and the same type of criterion has been applied to 
pentacoordinate copper(I1) systems as well [24] , and 
it seems equally likely, that increasing methylation 
in the present systems may more significantly result 
in weaker solvation of, and consequent destabiliza- 
tion of copper(I1). Indeed, decreasing tendency for 
carbon monoxide to interact with the copper(I) 
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complexes is also correlated with increasing ligand 
methylation. 

Conclusion 

Four pyrazole-containing ligands have been 
synthesized starting from the ethylenediamine unit. 
The properties of the copper(H) perchlorate chelates, 
obtained with these ligands, are affected by the 
presence or absence of methyl groups on the pyra- 
zole rings and the amine nitrogens. The electro- 
chemical properties are significantly influenced by 
the resulting structural differences. The stronger 
influence is exerted by steric effects caused by 
methylation of the amine nitrogen. Methylation not 
only affects the redox potential and the reversibility 
of the redox process, but also inhibits interaction of 
small molecule ligands with the metal in both its 
oxidation states. 
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