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Stabilization of Superoxidized Form of Synthetic
FeaS. Cluster as the First Model of
High-Potential Iron-Sulfer Proteins under

Aqueous Conditions
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4-Fe iron-sulfur proteins function as electron transfer catalysts in
various biological redox reactions such as photosynthesis, nitrogen fixation,
nitrite reduction and so on. Ferredoxins (Fd) and high-potential iron-sulfur
proteins (HiPIP) containing Fe4S4 cores exhibit the [Fe,S,]2*”* and [FesS,]8+ 2~
redox couples, respectively. Most of synthetic Fe S, clusters show a stable
[Fe,S,1** * redox couple in both organic and aqueous solutions, but the
[Fe,S,1°* state of synthetic Fe,S, clusters is unstable in polar solvents. In
accord with this, the [Fe,S,]®* core of HiPIPox is believed to be protected from
vater attack by hydrophobic protein environments around the Fe,S, core, and
stabilization of the [Fe,S,]®* core of synthetic Fe,S, clusters in polar organic
solvents has been achieved by using sterically encumbered terminal ligands.

In this work, electrochemical behavior of a series of [Fe,X,(YAd),]2~ (X,
Y =8, Se; Ad = ladamantane) was examined in both DMF and aqueous solutions, and

stabilization of the superoxidized form [Fe,X,(YAd),]~ was succeeded as the
first HiPIP model in H,O.

In Chapter III-1, redox behavior of [Fe,X,(YAd),1?~ (X, Y = S, Se) was
described. Those clusters showed not only the [FesX,(YAd),1277%" but the [Fe,X,
(YAd)4]~7*~ couples in DMF. The stability of the superoxidized forms in DMF
decreases in the order; [Fe,S,(SAd).]" > [Fe,S.(SeAd),]- > [FesSe,(SAd),]1- >
[(Fe,Se,(SeAd),]1". The superoxidized form [Fe,X.(YAd),]- was much more subject
to hydrolysis than (Fe,X,(YAd),1°~ and [Fe,X,(YAd),]% in the presence of H,0 in
DMF, since the cyclic voltammogram of [Fe,S,(SAd),]%~ in DMF containing a small
amount of H,0 (1 vol%) showed a strong irreversible oxidation current at
potentials more positive than the anodic wave of the [FesS4(SAd), 1772 couple,
while the cathodic and anodic waves of the reversible [Fe ;S4(SAd), 12772 couple
were observed at the same potentials as those in dry DMF. This fact implies
that the affinity of H,0 to the [Fe,S,]®* core is much stronger than that to the
[Fe,S,1%* and [Fe,S,]* ones. On the other hand, the cyclic voltammogram of
(Et,N).[Fe;S4(SAd),] in the presence of a 30 molar excess of free AdSH displayed
both the [Fe,S,(SAd),]277°" and [Fe,S,(SAd),] “%- couples even in H,0/DMF (23
vol%). The distinct difference in the stability of [Fe,S,(SAd),]" in the
absence and presence of free AdSH in H,O0/DMF is reasonably explained by
depression of dissociation of the AdS~ ligand from the [Fe,S,]%* core.
Surprisingly, the stable [Fe,X,(YAd),] 72~ redox couple was observed in aqueous
PDAH (PDAH = Poly[2-(dimethylamino)hexanamide]) or Triton X-100 solutions even
in the absence of free AdYH. The stability of [Fe,X,(YAd),]- in aqueous
solution is explained by depression of dissociation of the AdS~ ligand from the

[Fe,S,1%* core because of the insolubility of the ligands.
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In Chapter III-2, the protonation behavior of [Fe,S,(SAd),]* (n = 1, 2,
3) was described. Both cathodic and anodic peak potentials of the
[Fe,S,(SAd), 12773 and [FesS,(SAd),;] 7% redox couples were shifted by -0.06
V/pH between pH = 6 to 11 of aqueous PDAH solution. This observation suggests
that those redox reactions are accompanied by reversible protonation of core and
/or terminal sulfur. Such a reversible protonation of the cluster is explained
by penetration of H.0 or Hs0% to the [Fe,S,]%* core through PDAH. The pKa
values of [Fe,S,(SAd),]%", [Fe,S,(SAd),]%*, and [Fe,S,(SAd),]  determined
electrochemically were essentially consistent with the values obtained from pH
titration and electronic absorption spectra in the same media.

In Chapter I1II1-3, the stability of [Fe,X4s(YAd),]~ (X, Y = §, Se) was
discussed. The X-ray crystal structure of (Ph,As).[Fe,S,(SAd),] revealed that
the [Fes4S,]1%* core has enough space for coordination of H.0 to Fe. Based on
extreme lability of [Fe,S,(SAd)s]~ in H,0/DMF (1 vol%), the size of the AdS~
ligand is not enough to prevent the coordination of H,0 to the [Fe,S,]** core.
The effective enhancement of the stability of [FesS4(SAd),]~ by an addition of
free AdSH in H.0/DMF (23 vol%) strongly indicates that the hydrolysis of [Fe,S,
(SAd), ] results from the replacement reaction of AdS~ ligated on Fe by H.0.

The stability of [Fe,S,(SAd),]~ in aqueous PDAH solutions even in the absence of
free AdSH may, therefore, be associated with insolubility of AdS~ (or AdSH) in
H:0. Thus, the present work reveals that the [Fe,S,1®** core can be stabilized
by depression of dissociation of terminal thiolate ligands from the core rather
than hydrophobic spheres around the Fe,S, core.

In Chapter II11-4, redox behavior of [Fe;Ss(SR)4]%~ (R = Ph, ¢Bu, CPhs,
Ce¢Hs-p-¢t-Bu) in aqueous solutions is discussed. From the view points that the
stability of the superoxidized form [Fe,S,(SAd)s]" on aqueous media depends on
the solubility of the terminal thiolate in solvents, the oxidation behavior of
[Fe S4(SR)4 1% with a water insoluble RS~ ligand (R = Ph, #Bu, CPhs, CeH,-p-i¢-
Bu) was examined in aqueous micellar solution. In accord with the results in
chapter III-3, those clusters show the stable redox couple [Fes S4(SR),]"7%" in
aqueous solution. Especially, an aqueous solution prepared by an addition of a
DMF solution of (Et4N).[Fe,S,(SAd),] to H.0 showed the stable [Fe,S,(SAd) ] 72"
redox couple even in the absence of any surface-active agents. Although the
observation that superoxidized [Fe,S,(SAd),]  exists in H,0 is not consistent
with the generally believed view that the [Fe,S,]®* core is protected from H,0
attack by hydrophobic spheres formed by polypeptide chains,Athe redox potentials
of some of HiPIP are also reported to be shifted by -0.060 V/pH.
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