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SPECTROSCOPIC ANALYSIS OF BINARY AND 
TERNARY COPPER@) COMPLEXES FORMED BY 

HISTIDINE AND GLUTAMIC ACID 

P. COCETTA, S. DEIANA, L. ERRE, C. MICERAt and P. PIU 
Istiruto di Chimica Generale e Inorganica dell'llniversitb di Smari; Via Vienna 2, 

071 00 Sassan', Itah 
(Received May 11, 1982; in final form August I 7, 1982) 

Ternary copper(I1) complexes of the type [Cu(Hb)A] (HisH = L-hktidme, A = glydnato, L-vdhto,  
L-&ninato, L-threoninato, Laerinato, or L-asparaginato) and [Cu(Clu)B]* (GluH, = L-glutamic 
acid, B = glycinato, L4laninat0, L - v h t o  (n = 1) or an amino-acid with podtively charged protona- 
ted side chain such as L-asparagine, L-lyrine, or L-ornithine (n = 0)) have bben investigated in 
aqueous solution by means of ESR and absorption spectra It is suggested that in the ternary species 
the histidinate ion adopts a histaminelike bonding mode giving rise. to CuN, 0 chromophores in the 
metal plane, Coordination in the bis-(glydnc)-like mode is detected in the Glu-containing speciea. The 
spectral results have been used to poatulate plausible rtructures for the bb-(hktidinato)copper(II) 
complexes. 

INTRODUCTION 

hfixed-ligand complexes of copper(I1) with imidazole, aminoacids and dipeptides are con- 
sidered reliable models for understanding the nature of enzyme-metal ion-substrate 
 interaction^.'-^ Histidine-containing ternary species are also involved in copper transport 
in Several ternary amino-acid copper@) complexes have been described and 
characterized in both solution and the solid However, in spite of increasing 
information provided even by X-ray there is still uncertainty as to which 
of the coordination sites of potentially terdentate ligands are involved in the binding of 
metal ions. 

The present study was undertaken to provide ESR information about the structure of 
representative ternary amino-acid copper(I1) c~mplexes.'~-'~ In fact, with the exception 
of the histidine-threonine system,9 for which conclusive results were not obtained, 
ternary amino-acid copper complexes have not been object of detailed ESR analysis. Two 
series of compounds have been examined in this work in an attempt to  interpret their 
structure in view of the different donor ability of the ligands. In addition, based on 
spectral comparison with the ternary species, information has been obtained about the 
structure of the physiologically important bis(L-histidanato)copper(II) complexes. 

EXPERIMENTAL 

The amino-acids such L-arginine, L-lysine monohydrochloride, L-histidine hydrochloride 
monohydrate, L-asparagine monohydrate, L-threonine, L-serine, L-ornithine mono- 
hydrochloride, L-glutamic acid, L-valine, L-alanine, and glycine were of Merck and 
B.D.H. biochemical grade. All other chemicals were of the highest grade available, 
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The spectra of the ternary species were obtained on aqueous solutions containing 

copper(I1) and the aminoacids in the ratio 1: l : l  (concentration: 5 x M) at pH 
7.5-8.0 according to previous reports."~" The copper(II)-glutamic acid binary system 
was studied at a metal concentration of 5 x 10" M, L/M = 5 and pH 7.0. The spectra for 
the histidinecopper(II) binary system were run on 1:4-8 metal-ligand solutions 
([Cu] 5 x lCJ3 M) adjusted to pH 4.5 and 7.4 to give maximum concentrations of 
[Cu(HisH) (His)]* and [ C ~ ( H ~ S ) ~ ]  , respectively.16 First derivative ESR X-band 
(cu. 9.15 GHz) spectra were recorded with a Varian E-9 instrument. The g values were 
calibrated against diphenylpicrylhydrazyl (dpph). Glass spectra were obtained using g 
glycerol-water mixtures (3:2 ratio) at 133 K. Electronic spectra were measured with a 
Beckman Acta M IV spectrophotometer. 

RESULTS AND DISCUSSION 

At room temperature the ternary species in aqueous solution gave rise to  ESR spectra 
exhibiting hyperfine splitting due to the copper nucleus. At 133 K typical glassy spectra 
were obtained, all characterized by three well-resolved hyperfine lines on gll and the 
complex shape of the perpendicular region. An 'overshoot' signal at cu. 2.00, as is often 
the case in copper(I1) complexes:' accounts for intermediate orientations relative to the 
external magnetic field. All the spectra are characterized by both gll and glvalues higher 
than 2.040, conforming to a ground state configuration with the unpaired electron in the 
dx2-,,2 orbital. Both the spin-Hamiltonian parameters listed in Table I, such as the large 
A,, values, and the shape of the perpendicular region in the glassy spectra are typical of 
tetragonal Cu(I1) complexes with weak axial perturbation and strong in-plane ligands. 

Based on the gll and All values it appears that the mixed complexes are in two well- 
distinct groups: the mixed complexes with histidine are characterized by gll - 2.24 and 
A - 190-200 x lU4 cm-' whereas the ternary species involving glutamic acid exhibit 
higher gll and lower All values. Likewise, the electronic spectra show absorption maxima 
(Table 11) at energy values which are higher for the histidine than for the glutamic acid 

TABLE 1 
ESR parameters for ternary and binary complexes.' 

Complex I# 61 AH &l A0 

[Cu(His) (Ah11 2.239 2.059 192 2.119 73 
[Cu(His) (val)l 2.239 2.062 190 2.118 74 
[Cu(His) (Thr)I 2.238 2.058 197 2.119 12 
[Cu(His) (Am11 2.238 2.060 197 2.120 73 
[ Cu(His) (Ser) I 2.242 2.059 194 2.119 73 
[Cu(HisH) (His)]' 2.245 2.060 191 2.119 74 

ICu(Hi8) (GlY)l 2.241 2.059 189 2.120 70 

[cu(His), I 2.238 2.058 183 2.119 69 
[Cu(Glu) (Ala)]- 2.259 2.059 183 2.124 69 
[CuGlu) (valll- 2.260 2.059 181 2.123 70 
[cu(Glu) (GlY)l- 2.263 2.060 182 2.125 69 
[cU(Clu) (Arg)l 2.256 2.059 182 2.124 69 
[cU(Glu) (Om01 2.259 2.062 182 2.124 69 
ICu(Glu) (Lys)l 2.257 2.060 180 2.123 69 
[ Cu(Glu)] '- 2.258 2.06 1 183 2.123 70 
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'The molar absorption coefficients (MI cm-') are given in prentheacs. 

ternary complexes. These differences can be ascribed to unlike in-plane donor sets in the 
two series of compounds. Since the histidinate ion is a potential donor of two nitrogen 
atoms, it is likely that the ternary His complexes differ from those containing Glu in that 
CuN,O rather than CuN2O2 chromophores are involved. 
To assist the above interpretation, the binary species [Cu(Glu),] '-, [Cu(HisH) (€Its)]*, 

and [CU(H~S)~] have been investigated (see Figure 1 and Tables I and 11). According to 
previous reports," [ C ~ ( G ~ U ) ~ ]  '- exhibits spectral parameters quite consistent with those 

n\ Idpph 

300 360 

B ( m l )  

2 60 

FIGURE 1 
(Hir)l+; @) [WHis), I .  

ESR 1pectm of the coppor(II)4h(hirtidhe) cornplexer in frozen ~olution: (a) [Cu(HkH) 
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A B 

FIGURE 2 
nitrogen, N‘ = imidlzok nitrogen 

Plopo&d structurca for the ICu(HbH) (His)J* copper-histidine complex; N = amino 

of the CuN2O1 series, indicating that glycine-like ligation behaviour takes place in both 
ternary and binary species. The ESR parameters of [Cu (BsH) (His)]*and [C~(H~S)~] are 
suggestive of chromophores of the CuN30 type. This confirms that asymmetrical co- 
ordination of histidine molecules occurs in the bischelates. 

which are both consistent with our results since. CuN30 in-plane coordination and weak 
oxygen axial bonding are involved. However, the close similarity of the ESR parameters 
with those of the [Cu(His)A] series, in which the second amino-acid adopts a glycine-like 
bonding mode, suggests that B is more probable 

Great controversy has been centred on the structure of [C~(His )~ ) j .  Based on spectral 
and thermodynamic data it was suggested that the copper(I1) square planar coordination 
has been by: ( I ) ,  amino-N and carboxy1-O atoms of two bidentate histidines (bonding in 
the bis-(glycine)-like mode);” (2). amino* and carboxy1-O atoms of one histidine 
(bonding in the glycine-like mode) and amino- and imidazole-N-atoms of the other 
(bonding in the histamine-like mode);?’ (3) the amino- and imidazole-N atoms of both 
histidine molecules (bonding in the bis(hbtamine)-Iike mode).”-” In interpreting the 
structure of [Cu(His),] the following observations seem meaningful. First, the ESR para- 
meters are markedly different from those of the [Cu(Clu)B] series, thuse excluding a 
structure of type (I), and secondly, the absorption maximum value contrasts with the 
arrangement (3), as lower wavelength values should be expected for a CuN4 chromophore 
with axial oxygen axial binding (see Table I1 in ref. 23). 

Thus the ESR parameters, taken with the absorption data, seem more consistent with 
the apical coordination of a nitrogen atom, probably from the imidazole amino group of 
one glycine-like histidine bonded in the metal plane to a CuNP chromophore. The obser- 
vation of a red shift upon replacement of Odonors by Ndonors in the apical position of 
copper@) complexes is well-known.”-25 In addition such a hypothesis is substantiated 
by the AH value which, being lower than for the other CuN30 species, indicates stronger 
axial perturbation in [Cu(His)2] .% However, the decrease of gll observed for [C~(H~S)~ J 
with respect to [Cu(HisH) (His)]*, indicates that the two species do not differ only with 
respect to the nature of the apical donor. Either changes in the covalency of the bonds or 
further structural rearrangements in the metal plane leading to a CUN30, N chromophore 
occur upon formation of [Cu(His)2]. In conclusion, the two series of ternary complexes, 
[Cu(His)A] and [Cu(Glu)B], differ with respect to the in-plane donor set around the 
copper ion, Both ESR and absorption spectra of the ternary glutamato species agree with 
a bisxa-aminocarboxylate) structure also found in the parent binary complex 
[Cu(Glu),]’-. On the other hand, in [Cu(His)A], the histidine molecule exhibits 
’histamine-like’ behaviour, coordinating through the a-amino and 6-imidazole nitrogen 
atoms, whereas the second amino-acid is linked in a ‘glycine-like’ way. 

Bis(glycine)-&e coordination for L-histidine has been detected in the solid complex 
[Cu(t-HiaH), (H,O),] (N03)2,” obtained at pH 3.7. Above pH 5 much evidence 
indicates that the imidazole group is involved in the copper Coordination, but a 

The structures A and B in Figure 2 have been proposed for [Cu(HisH) 
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bis-(histaminetlike bonding mode has never been described. This agrees with our analysis, 
which shows that ‘mixed’ structures like those occurring in the [Cu(His)A] species are 
also strongly preferred when L-histidine is the second amino-acid. However, the involve- 
ment of the second imidazole group in the coordination to the copper(I1) ion can occur 
in [CU(H~S)~]  but only in the axial position with respect to an in-plane ‘mixed’ structure. 
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