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observed for the lead cryptates. This result is most
likely a consequence of the lower dielectric cons-
tant of the methanol-water mixture compared
with water.            
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PHOTOCHEMISTRY OF IRON(III)
PROTOPORPHYRIN IX IN OXYGENATED
ALKALINE AQUEOUS ETHANOL.
EVIDENCE FOR SUPEROXIDE RADICAL
FORMATION AND ITS INVOLVEMENT
IN THE PORPHYRIN DEGRADATION

The interest for the formation of superoxide in
biological aerobic processes is on steady increase
in connection with the auto-oxidation of dioxygen
carrier hemoproteins as well as with its toxic
effect on living systems.
In recent years, a number of very interesting stu-
dies on both the mechanism of formation of supe-
roxide and its reactivity with respect to biological
substrates have been reported [1].
We have recently published an ESR-spin trapping
investigation on the photochemical behaviour of
Fe(III) Protoporphyrin IX chloride (Fe(III)PPC])
in oxygenated water-ethanol mixed solvents [2].
The results obtained in that study allowed us to
conclude that Fe(II) porphyrin and an ethoxy ra-
dical were formed in the primary photochemical
process and that the oxygen interacted somehow
with Fe(II) thus hindering a rapid cage back elec-
tron transfer. The mechanism proposed is repor-
ted in Scheme 1.

Scheme I
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The most interesting aspects in the above scheme
are: i) the oxygen should oxidize Fe(II) interme-
diate when this is still bound to some extent to the
ethoxy radical; and ii) superoxide ion should be
formed as a product of oxygen reduction.
In the present paper we re-investigate the photo-
chemical behaviour of Fe(III)PPCI in aqueous
ethanol for the twofold purpose of having experi-
mental evidence of the superoxide formation and
of studying the effect of 0 2 - on the porphyrin
complex.

Fe(III)PPCI in 40% ethanol/water solvent at pH
12 was irradiated in oxygen atmosphere in an ESR
cavity with light of X>305 nm, at room tempera-
ture. After 10 minutes of irradiation the solution
was quickly cooled to 95 K. In these conditions,
an ESR spectrum (g N=2.055, g 1 = 2.004), typical
of the superoxide radical [3] was obtained. The
signal rapidly disappeared when the temperature
was rised again to the initial value. These results
at the same time confirm the above proposed me-
chanism and represent the first experimental evi-
dence of superoxide formation upon irradiation of
an iron porphyrin. The results obtained in flash-
-photolysis experiments are also in agreement with
the above reported mechanism: in deaerated solu-
tion no appreciable photoreduction was observed
in a time scale of milliseconds; in oxygenated so-
lution, evidence of formation of Fe(II) porphyrin,
which was completely re-oxidized in less than 50  µ
sec, was obtained. This indicates that the re-oxi-
dation process occurs via the reaction of oxygen
with the coordinatively unsaturated Fe(II) porphy-
rin intermediate rather than through a bimolecular
reaction between dioxygen and a Fe(II) porphyrin
complex in some way stabilised prior to oxidation.
Prolonged irradiations of Fe(III)PPCI in the abo-
ve conditions gave rise to an absorbance decrease

in the whole UV-Vis scanned spectral range (300-
-800 nm). Moreover, the Soret band underwent an
evident broadening. This spectral behavior can be
taken as an indication of an irreversible modifica-
tion of the Fe(III) porphyrin complex, consisting
in a porphyrin ring opening. Photochemical expe-
riments carried out in alkaline aqueous ethanol
containing an excess of imidazole also support the
degradation hypothesis: in fact, an absorption
band at 670 nm, which could be ascribed to a de-
gradation product of an imidazolate Fe(III)
porphyrin complex [4], was observed to be for-
med under irradiation. It is likely that hydrogen
peroxide, formed from the dismutation of supero-
xide, is responsible for the ring opening process.
A similar degradation of an iron porphyrin was
demonstrated previously by other authors [5].
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tetracyclic and 1,5-bicyclic dimers display reversi-
ble redox behavior. In the steroid case the two
waves nearly coalesce. Overall these data suggest
that as the distance between the ruthenium centers
increases, the difference in potential decreases.
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BINUCLEAR RUTHENIUM ALKYL
DIOXIME COMPLEXES:
MODELS FOR ELECTRON TRANSFER
THROUGH SATURATED BARRIERS

A question of particular interest to the study of
the mechanism of electron transfer in metallopro-
teins is the nature of the intervening groups and
the distance separating redox-active transition me-
tals. We are interested in the distance dependence
of intramolecular electron transfer through satu-
rated barriers. The electron density surrounding
the metal centers of existing models [1] for elec-
tron transfer through saturated barriers is very
different from that found in the Fe-Porphyrin
or Fe-S prosthetic groups of electron transfer
proteins [2]. We have used the (bpy) 2 Ru(II)
(bpy = 2,2'-bipyridine) moiety instead of
(NH 3 ) 5 Ru(II) [3] in order to better mimic the elec-
tron density of the protein prosthetic group.
Thus we have synthesized a series of binuclear
ruthenium alkyl dioxime complexes in which the
bridging ligands are the monocyclic 1,4-
cyclohexanedione dioxime (cyclodiox), the bicy-
clic 1,4- and 1,5-substituted trans decalindione
dioximes (decadiox), and the tetracyclic 5a-3,17-
androstanedione dioxime (androdiox). This pro-
vides a series of binuclear metal complexes with the
metals separated by a barrier of variable distance.
The results of cyclic voltammetric studies of these
complexes are shown in Table I. The potential
differences for the mono- and bicyclic 1,4-bridged
complexes are 471 and 325 mV, respectively with
the latter being an irreversible process. The

Table I

Cyclic voltammetry of Ru dimers

Bridge E,,2 (V vs SCE)

1,4-cyclohexanedione dioxime .685, .214
1,4-decalindione dioxime .950, .625
1,5-decalindione dioxime .960, .770
5a-3,17-androstanedione dioxime .900, .827

Addition of one equivalent of Ce(IV) to the
doubly reduced species generates a mixed-valence
Ru 11-Ru tll dimer which is expected to display
near-IR intervalence charge transfer (IT) bands.
Results for the mono- and tetracyclic Ru dimers
are shown (Table II). The extent of delocalization
of the exchanging electron (a2 ) can be estimated
from the properties of the IT band [5] according
to the equation (1) [6]

a2 
4.2 x 10-4 E max v1í2 _ 

(1)
d z —^

v max

where d is the Ru-Ru internuclear separation (in
;6i,  based on crystal structure data of the oximes),

E max is the molar absorptivity at the wavelength
maximum and 17-1,2 is the bandwidth at half-
height. The values of a2 for the mono- and
tetracyclic ruthenium dimers (Table II) differ by
three orders of magnitude, suggesting that the
mixed-valence state is more delocalized in the mo-
nocyclic diruthenium complex than in the ruthe-
nium steroid dimer.

Table II

Ru dimer 	 '1-E ;max	 E	 a2
(Volts) (nm) (M cm) - ' (A 2 M cm)-t

Ru 2(µ1,4-cyclodiox) .471 910 42 1.3 x 10 -3

Ru 2(µ3,17-androdiox) .073 718 3.5 2.6 x 10-6

These Ru 2 (bpy) 2 -dioxime dimers represent a new
series of ligand complexes with which to study the
distance dependence of intramolecular electron
transfer through saturated barriers. As the dis-
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