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gies of binding of the cation to the ionophore, assum-
ed to remain a rigid bracelet-like cage, and the
desolvation energies of the cation: the calculated
values of the complexation energies are in the order
Na® > K" > Rb" > Cs'; the energies required to
desolvate the ions decrease in the same order, but the
numerical values are such as to bring the balance
between the two quantities into the experimentally
observed order.

In the case of nonactine, a much more flexible
molecule, the computations show that, in the observ-
ed preference K* > Na®, the complexation energies
largely favor Na® and that the substraction of the
desolvation energies does not suffice to reverse the
order of the two cations. In that case the determin-
ing factor stems from the intramolecular repulsions
between the oxygenated ligands inside the cavity,
repulsions appreciably larger in the conformation of
the Na” cavity than in that of the K* cavity, so that
the total balance favors K*. An attempt to account
for the preference NH; > K* was made, assuming
that the conformational changes between the two
complexes can be neglected: there, the computed
complexations energy largely favors NHj, the prefer-
red cation, and the substraction of the desolvation
energy does not modify the order. The optimized
computed position for NH; shows very interesting
differences with respect to K*, confirming some infer-
ences made on the basis of early experimental infra-
red measurements in solution.

It will also be shown how the notions of molec-
ular electrostatic potential, molecular electrostatic
field, and atomic accessibilities can be useful in the
domain of cation—ionophore interactions. Two
examples will be given: a) the K*-complex of valino-
mycine in connection with its ability to fix an anion,
and the recently observed K —picrate—valinomycine
complex; b) the uncomplexed form of valinomycine
to propose arguments for a choice between two pos-
sible mechanisms recently suggested for initiating
the ion capture.

Finally the case of divalent cations will be consid-
ered.
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Molybdenum hydroxylases are multicomponent
enzymes which catalyze two electron oxidations of
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purines, aldehydes, formate and sulfite in animals
and microorganisms [1]. In addition, eukaryotic
nitrate reductase [2] and several as yet poorly
characterized molybdenum containing enzymes have
properties similar to those of the hydroxylases.

Recent EPR and EXAFS investigations indicate
the presence of a terminal oxo and a terminal sulfido
group on Mo in oxidized (Mo(VI)) xanthine oxidase
and xanthine dehydrogenase and two oxo groups in
oxidized sulfite oxidase [1, 3]. In the reduced state
(Mo(V), (IV)) the sulfido group appears to be con-
verted to SH (xanthine oxidase, xanthine dehydro-
genase} or one oxo to OH (sulfite oxidase) [3].
In addition, 2-3 Mo thiolate sulfur ligands are present
for both oxidized and reduced enzymes [3]. One
or more of the thiolate ligands may be located on a
side chain of a reduced pterin proposed to be the
cofactor common to all Mo hydroxylases [4]. The
reduction potentials of the Mo centers of the
hydroxylases have been determined and are found
to differ considerably between enzymes (—0.355 V
for the Mo(VI)/(V) couple in xanthine oxidase {5],
0.038 V in sulfite oxidase [6], e.g.).

Recent model studies have concentrated on
synthesis and structural characterization of dioxo-
Mo(VI) complexes with N, S donor sets which mimic
the EXAFS results [7] (Fig. 1a), on monomeric
0x0-Mo(V) complexes having EPR parameters similar
to those of the enzymes [8, 9] (Fig. 1b), and on
oxo-Mo(VI), (V) and (IV) complexes which mimic
the redox behavior of the enzymes [9, 10] (Fig.
1b). These results are briefly reviewed.

Current work in this laboratory is directed towards
the synthesis and characterization of dioxo-Mo(VI)
complexes with sterically bulky bi-, tri- and tetra-
dentate ligands which may be electrochemically or
chemically reduced to monomeric Mo(VYO)OH)
complexes:

MOO;I./; MOO(OH)L2
MoO,L'L" p ——s MoO(OH)L'L"
MoO,L" MoO(OH)L"”
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Normally, such reductions give oxo bridged Mo(V)
dimers; the presence of bulky groups on the ligands,
however, inhibits the dimerization.

Representative ligands:

L:
RNHCH,C(R'),SH
R = Me, Et, Ph, Bz
R’ = Me, Et

y -
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Synthetic methods for the preparation of the com-
plexes and their properties (IR, electronic and EPR

spectra; electrochemistry) are reported. The relation-
ships between EPR and electrochemical parameters
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and structures of the complexes are explored and the
implications for the molybdenum hydroxylases
are discussed.

Current problems in modeling the molybdenum
centers of the hydroxylases and possible directions
for research toward the solution of these problems
are presented.
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Hydrogenases have been purified from different
biological sources. They are highly diversified
enzymes in terms of active centers constitution,
although they catalyze the simplest oxidation—
reduction process: H, == 2H" + 2e.

Hydrogenases have been recognized so far to be
iron—sulfur proteins. Generally they contain from
four to twelve atoms of non-haem iron arranged in
Fe—S clusters representative of the known basic
structures, e.g., [2Fe-2S], 3Fe-xS], and [4Fe4S]
[1-7].

Recently, nickel joined the group of transition
metals relevant in biclogical oxidation—reduction



