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NOTE 

STUDIES ON BIOLOGICALLY RELEVANT 
BINARY AND TERNARY METAL COMPLEXES. 

IV. STABILITY OF BINARY AND TERNARY 
METAL COMPLEXES CONTAINING 

AND AMINO ACIDS 
BIS(IMIDAZ0L-2-YL )METHANE 

A. KOTESWAR RAO, P. VENKATAIAH and M. SRINIVAS MOHAN* 
Departnietit of Clieniistry. Osniariia University, Hjdcrabad 500 007, India. 

and HARINATH B. BATHINA 
Soutlrlarid Corporation, Bedford Park. Illinois 60638. U.S.A. 

(Received October 5. 1988; in jnal  form January 10. 1989) 

Formation constants for the interaction of  bis(imidazol-2-yl) methane (BIM) with Mg(II), Ca(ll), Mn(lI), 
Co(ll), Ni(ll), Zn(1I) and Cd(l1) are reported at t = 35°C. u = 0.2M (KNO,). Stability constants for the 
Lernary complexes (MLA) of Co(l1). Ni(ll), Zn(I1) and Cd(l1) with BIM as primary ligand (L) and various 
m i n o  acids, ethylenediamine and pyrocatechol as secondary ligands (A) are also reported under similar 
:xperimental conditions. Factors contributing to the stability of  the binary and ternary complexes are 
jiscussed. 

Keywords: Bis(Imidazol-2-yl)methane, aminoacids, complexes, stability constants. 

INTRODUCTION 

Ternary complexes have been extensively investigated as biomimetic models of 
:nzyme-metal ion-substrate complexes.'-5 As a continuation of our earlier ~ v o r k ~ - ~  
on ternary metal complexes containing imidazole or imidazole derivatives, we have 
determined the formation constants of ternary Co(II), Ni(II), Zn(I1) and Cd(I1) 
zomplexes (MLA) containing bis(imidazo1-2-y1)methane (BIM) as the primary ligand 
(L) and glycine, alanine, valine, norvaline, leucine, norleucine, phenylalanine, trypto- 
phan, serine, threonine, methionine, aspartic acid, histidine, pyrocatechol, 5-nitro- 
pyrocatechol and ethylenediamine as secondary ligands (A). The formation con- 
stants of the binary mono (ML) and bis (ML,) complexes of BIM with Mg(II), 
Ca(II), Mn(II), Co(II), Ni(II), Zn(I1) and Cd(I1) have also been determined potentio- 
metrically at 350°C and p = 0.2M (KNO,). The experimental details have been 
described in an earlier paper.' The formation constants of the binary and ternary 
metal complexes are reported in Tables I and I1 respectively. 

* Author for correspondence. 
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The formation constants for the binary BIM-metal complexes (Table I) follow the 
Irving-Williams order." The higher affinity of BIM for Cu(II), Ni(II), Co(II), Zn(I1) 
and Cd(I1) and the lower affinity for Mn(II), Mg(I1) and Ca(I1) may be rationalized 
in terms of Pearson's HSAB Principle.' ' In ternary complexes the influence of BIM 
in modifying the behaviour of the metal ion towards the secondary ligand has been 
quantitatively expressed in terms of the parameter Alog K which is defined by 
equation ( I ) .  

Alog K = Log Ki:LA - log K& ( I )  

The Alog K values for all the systems investigated in the present work are listed in 
Table 11. In order to obtain precise Alog K values, the binary and ternary constants 
have been determined under identical experimental conditions. For a regular octa- 
hedral metal ion and bidentate primary and secondary ligands the statistically 
expected Alog K value' is -0.4. 

The Alog K values for the ternary complexes of Co(II), Ni(II), Zn(I1) and Cd(I1) 
with various amino acids, excepting tryptophan and phenylalanine, are of magnitude 
expected statistically. The enhanced stability of ternary complexes containing trypto- 
phan and phenylalanine is attributed to intramolecular metal ion-bridged stacking 
interactions between the aromatic side chain of these amino acids and the imidazole 
groups of BIM. The corresponding Cu(I1) ternary complexes' show stronger stack- 
ing interactions. The enhanced stability of ternary complexes containing pyro- 
catechol can be attributed to dn + pn back bonding, thus leading to a higher posi- 
tive charge on the metal ion and a consequent stronger interaction with the negative 
oxygen atoms of pyrocatechol. Comparison of the Alog K values for pyrocatechol, 
glycine and ethylenediamine show that the relative ability of the donor atoms in the 
secondary ligand to bind the [M(II)-BIM] complex decreases in the order -0-0- 
> N-0- > N-N. When viewed in terms of the nature of the metal ion, Ni(I1) 
seems to have a lower tendency to form ternary complexes. Stacking and related 
noncovalent interactions play an important role in the specificity, selectivity and 
reactivity of metalloenzyme catalysed reactions.I2 
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