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Several metalloproteins have been reported to con-
tain imidazole ligands coordinated to the metal ions.
These imidazole ligands usually originate from the
histidine side chains of the protein [1—4].

In recent years considerable evidence has been
presented for the occurrence of a ligand bridge
between two nearby metal ions in the protein.
Examples are laccase, hemocyanin, hemerythrine,
cytochrome-c-oxidase and superoxide dismutase [4—
8]. In the latter two cases evidence has been pre-
sented for the imidazolate ion as the bridging ligand
between the two metal ions [7, 8]. This concerns
the unit Cu—Iz—Zn in bovine superoxide dismutase,
and the Fe—Iz—Cu unit in cytochrome-c-oxidase (Iz
stands for the N-N bridging imidazolato group).

Very recently, Lippard, Hendrickson and co-
workers [9-12] have reported interesting model
compounds containing the unit Cu—Iz—Cu. Although
this unit is relatively unstable with respect to dis-

sociation and protonation of the Iz~ ligand, stabilisa-

tion appeared to be possibly by either including
the two Cu(Il) ions in a binucleating cryptate, or the
imidazolato group in a binucleating chelate [9, 10].
Moderate stabilisation of the Cu—Iz—Cu unit is also
possible by using tetradentrate amine ligands (tren),
and even by tridentate amines and heterocyclic bi-
dentate chelates like bipy [11, 12]. So far no systems
have been reported in which the non-bridging ligands
are also imidazoles. We here present evidence for a
group of stable dimers containing the unit Cu—Iz—Cu,
in which the other ligands around Cu(Il) are provided
by a tetradentate imidazole chelate. The chelate
stabilising this dimeric unit is tris(2(N-methyl)-
benzimidazolylmethyl)amine.
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This ligand (abbreviated MNTB) is easily pre-
pared by methylation of tris(2-benzimidazolyl)-
methylamine [13], (NTB), using CH;l and potas-
sium [14].

Treatment of a solution of 2 mmol of Cu(Cl0,),-
(H,0)¢ in MeOH with an equivalent amount of
MNTB in hot methanol initially results in a yellow-
green precipitate, Under vigorous stirring 1 mmol of
sodium imidazolate (Nalz) in H,O is added, upon
which the green colour intensifies. After stirring for
about 15 minutes the precipitate is isolated by fil-
tration, washed with MeOH and diethyl ether and
finally dried in vacuo at 60 °C.

In an alternative preparation a 2:1 mixture of
MNTB and Nalz in 90% aqueous MeOH is slowly
added to a MeOH solution of Cu(ClO,),(H,0)s.
Upon cooling of the deep green solution, crystals
are obtained which are isolated as described above.
Similar products have been obtained for the corres-
ponding tetrafluoroborate and for the nitrate. All
products have been characterized by elemental
analyses (Cu, C, H, N) and agree with the general
formula [Cu,(IzZYMNTB),(anion); (anion = ClO,,
BF, or NO3).

Ligand-field spectra of all three products are
very similar in showing a maximum at 11.0 kK with a
shoulder at the high-energy side. Such a band-shape
is in agreement with Cu(Il) in a trigonal bipyramidal
geometry and suggests a chromophore [CuN;] [15].

Direct evidence for a dimeric structure comes
from the EPR powder spectra of the compounds.
Both X-band and Q-band spectra show distinct Am =
2 transitions in the g = 4 region. The spectral data
in the whole region can be analysed as Cu(II) dimers
[16], yielding g = 2.15(2), D = 0.09(1) cm™. In
addition, low-temperature magnetic susceptibility
measurements (down to 4 K) indicate a considerable
magnetic interaction between the Cu(Il) pairs.
Analysing the observed x vs T curve using the well-
known Bleany—Bowers expression [9—12, 16] yields
g = 2.15(5), J = —30(4) cm™. This value of J falls
in the range observed for other Iz-bridged dimers.
Previous work of Lippard and Hendrickson [9—12]
has shown that —J can vary between 25 and 90 cm™
in case of square-pyramidal coordinated copper,
depending upon the position of the Iz ring with
respect to the equatorial ligand plane. In case of
trigonal-bipyramidal coordination with Iz-bridging
ligand in the axial position values for —J between 25
and 50 cm™ have been observed. Our present com-
pounds are believed to belong to this category.

Present research is devoted to the isolation of
single crystals suitable for X-ray diffraction and to
substitution of the bridging Iz ligand by other azoles,
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