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Abstract. In solution (CHpClp) one-electron redox process can be performed
electrochemically on the ligand of the Cul! chelate (1) of the title biliverdin. 1 shows an
electronic triplet state configuration with one of the unpaired electrons in the ligand nt
system. The one-electron oxidation product (1a) and the one electron reduction product

(1b) correspond to the Cull chelates of the electron paired cation and anion respectively.
© 1997, Published by Elsevier Science Ltd. All rights reserved.

We report on the redox and magnetic behaviour of the Cull chelate of bilin-1,19-diones (biliverdins).1
Porphyrins act, under dideprotonation of their two NH groups, as tetracoordinating ligands. By NH di- or
trideprotonation octaalkylbilin-1,19-diones become tetracoordinating ligands, with a helicoidal structure.2 In the
case of dideprotonation the non-deprotonated end lactam ring tautomerizes to the hydroxyimino form. Our
results show that the transition metal chelates of biliverdins, in spite of being acyclic and capable of containing
a three negatively charged ligand, show likenesses with the comresponding metalloporphyrins.3

The structures of Fell, MnIll and ZnD chelates of bilin-1,19-diones are already established.2a.¢.¢-4 The Co,
Ni and Cu chelates are coordinated by a trideprotonated biliverdin ligand.> However, their magnetic properties
do not agree with the transition metal formal oxidation state (IIT) or (I1).6

Recently, it has been shown that the structure of the Cull biliverdin chelatt:s,?-d»f such as 1, corresponds to
the free neutral radical of the organic ligand.2f These Cull biliverdinates are stable as solids and in solution in
non-nucleophilic solvents (e.g. CHaClp). 1 in dilute solutions is an EPR-silent paramagnetic species. The
values of the magnetic susceptibility in the solution of Cull biliverdinates2d.f suggest that there is a
ferromagnetic coupling giving a triplet state with large zero splitting. The detection for dilute solutions of 18 of
a small half-field peak at 4 K confirms the triplet state character of Cull biliverdinates in dilute solutions. Such
ferromagnetic coupling is also described for planar Cull porphyrinato cation radicals.3 However, 1 is non-
planar, but its C2 symmetry produces a zero overlap between the unpaired electron of the nt ligand system and
the unpaired electron of the, roughly speaking, di2.,? system of Cull. This simple model is confirmed by
density funcional LSDA/VMN (DN basis) calculations.9 1 shows in the solid state a weak antiferromagnetic -
Cu coupling and a moderate antiferromagnetic intermolecular 7t coupling.2f In this respect 1 shows, as solid,
similar behaviour to that of the non-planar porphyrins. 10
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The electronic configuration of 1 suggests a chemical reactivity based on one-electron redox processes. The
already described oxidation of the Cull chelates of biliverdins probably occurs through the Cull biliverdinate
cation intermediate obtained by one-electron oxidation. 11 In respect to one-electron reduction processes, two
different pathways can be expected, affecting the transition metal (Cu®/Cul) or the biliverdin ligand (neutral free
radical/ anion).

Cyclic voltammetry confirms that 1 is stable only in a narrow range of potentials since it undergoes a one-
electron redox process both in the anodic and in the cathodic sweep (see Fig. A). The electroactive redox
products obtained from 1 are stable in solution. The CV shows only quasi-reversible electrochemical processes.
The decrease in the sweep rate, from 200 mV s-! to 2mV 571, produces a decrease in AEp from = 115 mV to =
85 mV. This discrepancy in respect to the 60 mV expected for a reversible process may be attributed to homo-
or hetero-association of the electroactive species near the electrode. 10

Electrolysis experiments in an EPR cell show that both the oxidized (1a) and the reduced (1b) species
correspond to Cull chelates (see Fig. B); 12 from the EPR-silent initial compound the characteristic spectra were
obtained of two different Cull species coordinated to a ligand with four nitrogens. The cation 1a shows a very
similar EPR spectrum to those of neutral non-planar Cull porphyrins.3€ The differences between the EPR
spectra of 1a and 1b can be explained by the different spin-polarization due to a positively or negatively
charged ligand.

The electrolysis of 1 to 1a or 1b can also be followed through the UV/Vis spectra (See Fig. C).

These results could be of significance for the understanding of the biological differences between bilirubin
and biliverdin.11 The Cull chelates of biliverdin, and also perhaps the Co and Ni chelates, could act as one-
electron reaction promotors without change of the Cull oxidation state. This behaviour is similar to those of the
corresponding metalloporphyrins and could be of significance in understanding the behaviour of the bilindione
Fe chelates obtained in the oxidative degradation of the prosthetic group of hemoproteins (e.g. catalases).
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