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Superoxide is a potent cellular poisbs such, organisms
have evolved a number of pathways to degrade superoxide before
it can cause cellular damage. The best understood are the
superoxide dismutases (SOD), which catalyze the disproportion-
ation of superoxidé.In some anaerobic organisms a different
protection scheme has evolved. These organisms utilize super-
oxide reductases (SORs), which catalyze the reduction of super-
oxide to peroxide, thus eliminating the production of dioxygen.
Two different SORs have recently been structurally characterized;
neelaredoxin (from the hyperthermophilic archeByrococcus
furiou) and rubreodoxin oxidoreductase (Rbo, also known as
desulfoferredoxin, fronDesulfaibrio desulfurican$.3* The active e ] .
sites of both of these enzymes contain a cysteinate-ligated irongllgﬁf; "jsse?é‘g:éo&'rl‘%bgwgﬁg r;grm%eél:\:ait%%sgg%e X;e ,e:';?\lr?z't)t'w for

center that cycles between the (active form) andt3 (resting 2.268(3) A; Fe-N(3), 2.131(3) A; Fe-N(4), 2.117(3) A; Fe-S, 2.329-
form) oxidation states. These lie near the surface of the protein (1) A.

exposed to solvent. In both enzymes, the metal center is five-
coordinate in the reduced form and is ligated by four equatorial Scheme 1

Figure 1. ORTEP of [F&SVe2N,(tren)]* (1) showing 50% probability

histidines and one axial cysteinate (Scheme 1). Upon oxidation gCys
by a protonated superoxide anion, a nearby glutamate residue sGs  HOy Ho00 sy, L s
binds to the metal center in the sitansto the cysteinate (Scheme H“va.gg.\“N“is His N *” T\Nws
1). Presented below is a five-coordinate Fe(ll) complex which His? VHis Os O

models the reactive properties of SORs. Glu

X-ray quality crystals of [FESVe2N,(tren)](PF) (1) were grown
from acetonitrile/diethyl ether (1:10) at30 °C.>6 The iron center
of 1is in a distorted triganol bypyramidal environment with the
sulfur transto an amine nitrogen in the apical position (Figure
1). All of the bond lengths are typical for an Fe(ll) complex in
this ligand environment and compare well with those found in
the reduced iron center of RB®d’ Complex1 is five-coordinate,
suggesting that small molecules such as,id@uld possibly bind
to, and potentially oxidize the metal center.

Glu

Upon exposure to a wet acetonitrile solution of potassium
superoxide and sodium hexaflurophosphate, the pale yellow-green
solution of1 changes to deep blue (Figure’Zurthermore, the
resulting solution’s electronic absorption spectrum is reminiscent
of the oxidized high-pH form of SOR with &ax at 582 nm ¢
= 1975 Mt cm™), suggesting that the solution contained the
oxidized form ofl, possibly with a sixth ligand in the open site.
When this reaction is performed at low temperatures, an inter-
mediate is observed. We are currently in the process of character-
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Figure 2. Electronic absorption spectrum of [F&e2N,(tren)](PF) in
MeCN before and after superoxide addition. The spectrum after super-
oxide addition is identical to that of [Fe&SMe2Ns(TREN)(MeCN)](BPh).

in the 306-1100 nm region. Inset shows the electronic absorption
spectrum of Rbo at pH 9.2 (provided courtesy of Emerson and Kurtz).

Figure 3. ORTEP of [Fé&'SVe2Ns(tren)(MeCN)F (2) showing 50%
probability ellipsoids and atom-labeling scheme. All H atoms have been
omitted for clarity. Selected bond lengths fair Fe—N(1), 1.911(2) A;
Fe—N(2), 2.026(2) A; Fe-N(3), 2.001(2) A; Fe-N(4), 2.018(2) A; Fe-
N(5), 1.948(2) A; Fe-S, 2.146(1) A.

solid isolated from this reaction contains a nitrile stretch at 2243
cm ! (vs 2253 cm* for free MeCN) indicating that the complex
is most likely six-coordinate with a bound MeCN ligand. To
unambiguously confirm this, X-ray quality crystals were grown
from acetonitrile/diethyl ether.

The X-ray crystal structure of [MeSVe2N5(tren)(MeCN)]-
(PhB)2:MeCN (2) shows that the iron center is contained in a

Communications

as shown by NMR kineticskg, = 1.21(2) x 10"t s 1 at 20°C).10
Preliminary results indicate that the MeCN ligand is easily
exchanged by coordinating solvents, such as methanol and
pyridine, and anionic ligands, such as azide and cyanide. We are
currently investigating the effects of the sixth ligand on the
spectroscopic and structural properties of derivativeg. dfhe
EPR spectrum 02, recorded at 120 K in an acetonitrile/toluene
glass, appears axial wititvalues typical for low-spin Fe(lll)dx

= 2.12 andy, = 1.98). A cyclic voltammogram a2 recorded in
acetonitrile shows a reduction wave that is quasi-reversible with
E;», = —223 mV vs SCE, indicating that the Fe(ll) state can be
accessed through reasonably mild reducing agents.

The possibility that these complexes will act as an SOD was
also investigated. CompleXshows no immediate reaction with
KO, in wet MeCN. Instead, the gradual decomposition2aé
seen after several minutes, affording complete decomposition after
abou 1 h atroom temperature. Also this solutio2 (+ KO)
shows no catalase activity above that of the control reaction
(superoxide in wet DMSO). If the oxidized Fe(lll) complex was
acting as an SOD, thereby generating a reduced Fe(ll) complex,
this would readily react with protonated superoxide to afford
hydrogen peroxide. If @were forming in an SOD reaction, one
then would expect to see [[H&Ve2N,(tren)L(u2-O)]?, au-oxo
dimer shown to readily form upon exposure of compldr trace
amounts of dioxygen.The fact that ngt-oxo dimer is detected
provides further evidence that neither dioxygen nor the Fe(ll)
productl is being produced in the reacti@+- KO,. Therefore,
it seems likely that no superoxide oxidation chemistry is taking
place. This is despite the fact that superoxide could potentially
bind to the metal center &since it has an exchangeable MeCN
ligand.

In SORs, SOD activity is probably avoided due to lack of a
nearby basic residue to effectively deprotonate superoxide. Basic
residues found in the cavities of SODs facilitate the dispropor-
tionation reaction. In contrast, SOR active sites rest at the bottom
of a shallow cavity near the protein surface, making a proton
source readily available, ensuring that superoxide will be proto-
nated throughout catalysis. Also, these models show that SOR
activity can occur despite the fact that there is no apparent binding
site trans to the thiolate sulfur (as is found in the Rbo and
neelaredoxin). All iron-containing synthetic systems reported to
react with superoxide lack thiolate sulfurs, and most display SOD
activity.!* Only a small number of these systems have been
reported to display SOR activtif2 The fact that our thiolate-
ligated system displays SOR activity suggests that thedd
SORs plays an important role in promoting SOR activity.
However, the placement of thi$¥Srelative to the open sitérans
(enzyme) vscis (model compoundl)) does not appear to be
critical.

distorted octahedral environment, with one acetonitrile bound trans  Acknowledgment. We wish to thank Dr. Donald M. Kurtz
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low-spin S = %,). Solid-state magnetic susceptibility measure-
ments indicat® has a room temperaturgs = 2.00ug, which is
consistent with a low-spin state. In contrast, both neelaredoxin
and Rbo contain Fe(lll) in a high-spin sta® = °5,),* which is
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solution the bound MeCN & rapidly exchanges with bulk MeCN
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A3, Z = 4, Mo radiationl = 0.7107 A. For 9032 unique reflections
collected at 130 K, the current discrepancy indicesRwe 0.038 and
R, = 0.095 (direct methods using SIR92 software).
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