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Asymmetry is an important feature of metalloproteins that 
contain at their active sites dinuclear iron complexes,' dinuclear 
copper complexes2 (e.g., tyrosinase and molluscan hemocyanin), 
and trinuclear copper complexes3 (e.g., multicopper oxidases). 
Few asymmetric biologically relevant dinuclear complexes of iron4 
and of copper5~~*~a-e have been synthesized. With few  exception^,^.^ 
almost all model systems involving dinuclear copper complexes 
that have been studied so far have been derived from symmetrical 
ligands.' Accidentally unsymmetrical species have been 
characterized,7a* for which the extent of asymmetry, as indicated 
by the difference in Cu-X-Cu' bond lengths, can be more than 
0.3 A. However, with symmetrical potentially dinucleating 
ligands or with bi- and tridentate ligands, asymmetry is not 
preordained for dinuclear species. Polydentate ligand systems 
that lead to obligately asymmetric dinuclear complexes remain 
very rare6 and appear to be nonextant if (i) the metal sites 
remaining after coordination of the polydentate ligand are to 
differ in coordinative saturation and (ii) nonbiological, delocalized, 
coplanar, bidentate phenolato-(H)C=NR Schiff-base moieties 
are eschewed. We report here the synthesis of an unsymmetrical 
dinucleating ligand 2- [ [ bis(2-benzimidazolylmethyl)amino]- 
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methyl] -4-methyl-6- [ [ (2-benzimidazolylmethyl)benzylamino] - 
methyllphenol (hereafter referred to as N30(H)N2-B),8-1° a 
ligand that has -CH2-spacers between donor groups and can 
offer a different suite of donor atoms to a pair of metal ions. The 
structure and solid-state magnetic properties are reported for an 
asymmetric dicopper(I1) complex, [Cd1(N3-p-O-N2-B)(p-C1)- 
CU~~(HOC~H~)](C~O~)~.~H~O.C~H~OH, derived from this 
ligand.lIJ2 

Scheme 1 summarizes the synthesis of the N30(H)N2-B 
ligand. Figure 1 shows an ORTEP-type drawing of the cationic 
complex. The bridging chloro and phenolato ligands are located 
unsymmetrically between the two copper ions with Cu(2)- 
O( 1)and Cu( 1)-0( 1) distances of 1.900(6) and 2.352(6) A, 
respectively, and Cu(2)-Cl( 1) and Cu( l)-Cl( 1) distances of 
2.649(3) and 2.274(2) A, respectively. Coordination at Cu( 1) 
is completed by one amine and two imine ligands (the N3 branch 
of the ligand) to give a distorted square pyramid, where the Cu- 
0 (1 )  bond is axial and elongated; coordination at Cu(2) is 
completed by one imine and one amine ligand (the N2-benzyl 
branch of the ligand) and an ethanol moiety to give a very distorted 
five-coordinate stereochemistry, where the Cu(2)-Cl( 1) bond is 
elongated and somewhat axial. 

By way of comparison, a dicopper(I1) complex with bridging 
hydroxo and phenolato groups has been characterized, featuring 
the unsymmetrical ligand 2-[ [bis(2-pyridylmethyl)amino]- 
methyl]-6-[bis(2-pyridylmethyl)amino]phenol, a ligand that of- 
fers a similar suit of ligands but in a potentially stereochemically 
different manner to each copper ion.5 However, in this complex 
the bridging 0phcnoIa to -b  separations are identical [ 1.93(2) A], 
as are the Ohydroxo-CU separations [2.02(2) A]. Significant 
antiferromagnetic coupling between these two copper atoms exists. 
In contrast, in the solid state for the title complex, the magnetic 
moment is constant at 1.75(2) p~ per copper in the range 77-295 
K. The solid complex is EPR active (gx = 1.90, g, = 2.1 1, and 
g, = 2.28) both at room temperature and at 77 K (Figure 2). A 
low-field resonance at g = 4.7 is indicative of copper atoms in 
close proximity. Consistent with the existence of an EPR signal 
at relatively high temperature is the absence of proton resonances 
associated with the complex in the *H NMR spectrum at room 
temperature. Together, these magnetic data indicate that the 
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Figure 1. ORTEP-like diagram of the cationic part of [CuI1N3-p-O- 
NZ-B)(~-CI)CU~~(HOC~HS)~ ( C ~ O ~ ) T ~ H ~ O - C ~ H ~ O H ,  showing the atom- 
labeling scheme. Hydrogen atoms are omitted for clarity. Selected bond 
lengths (A) and angles (deg) are as follows: Cu(l).-Cu(2), 3.348(2); 
CU(l)-O(l), 2.352(6); Cu(2)-0(1), 1.900(6); Cu(l)-Cl(l), 2.274(2); 
C~(2)-C1(1), 2.649(2); Cu(1)-N(l), 2.090 (6); Cu(1)-N(ll), 1.965- 
(6); CU(l)-N(21), 1.97 l(6); C~(2)-0(2), 2.037(7); Cu(2)-N(2), 2.064- 
(7);Cu(2)-N(31), 1.955(7); O(1)-Cu(l)-Cl(l), 85.4(2); O(l)-Cu(2)- 
C1(1), 85.6(2); C~(l)-0(l)-C~(2),  103.3(3); CU(~)-C~(~)-CU(~) ,  

C(l)-C(6), 48.0; C~(2)-0(l)-C(l)-C(2), -3.4. 
85.31(8). Selected torsion angles (deg) are as follows: Cu(1)-O(1)- 
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two copper(I1) ions are neither significantly ferro- nor antifer- 
romagnetically coupled. This is attributed in part to the 
asymmetric placement of the bridging ligands, in part to the 
placement of Cu( 1) out of the nearly planar moiety defined by 
atoms Cu(2), O( l ) ,  C(1), and C(2) (see Figure l ) ,  and in part 
to the stereochemistry of the complex that has Cu(1)-O( 1) as 
an axial ligand of a distorted square pyramid and Cu(2)-O( 1) 
as an equatorial ligand of a very distorted square pyramid. A 
similar EPR spectrum was observed for a singly and asymmetri- 
cally bridged dicopper(I1) complex of the tetrabenzimidazole 
analogue of the N30(H)N2-B ligand.’d In this complex, vacant 
sites at  each copper are occupied by water, and a similar axial- 
equatorial arrangement of the Cu-Ophenolat0 bonds is observed. 
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Figure 2. EPR spectrum of [CU~~(N~-~-O-N~-B)(~-CI)CU~~(HOC~H~)]- 
( C ~ O ~ ) Y ~ H ~ O C ~ H ~ O H .  Note the presence of the ‘forbidden” signal at 
g = 4.7, indicating close proximity of two copper(I1) ions. 

For ascorbate oxidase a distinctive trinuclear copper complex 
with at  least one Cu...Cu separation of about 3.5 A has been 
revealed from an X-ray structure study,g and a similar active site 
is proposed for laccase and cer~loplasmin.~ All of these proteins 
have EPR signals consistent with an apparent S = ‘ 1 2  system. 
Moreover, at  least in the case of laccase, the EPR-active copper 
depends upon the nature of the exogeneous ligand.13 That a pair 
of copper(I1) ions in close proximity (<3.5 A apart) exhibits 
spectroscopic and magnetic behavior apparently more typical of 
a mononuclear than a dinuclear system, as observed here (and 
also for some other dicopper(I1) species where significant 
antiferromagnetic coupling existsTM), is a result of some 
cautionary significance in assigning the proximity of copper centers 
of multicopper oxidases less well characterized than those just 
cited. That is, well-separated, mononuclear copper(I1) sites in 
a metalloprotein cannot be presumed from a constant magnetic 
moment and EPR activity. 

The complex described here demonstrates the potential of this 
polydentate ligand, N30(H)N2-B, to create asymmetric dinuclear 
complexes, at  least of copper.14 The synthetic scheme for the 
ligand is of some generality,Is the non-phenolato bridging ligand 
of the dicopper(I1) complex can be varied,14 and the terminally 
coordinated solvent molecule is, in principle, replaceable. 
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