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Recent X-ray crystal structure determinations of the FeMo
protein of nitrogenase’ have revealed in detail the structure of
the Fe/Mo/S cofactor believed to be the site of substrate
activation and reductiofh. The MoFeS; core of the cofactor
consists of two cuboidal subunits (Mofes-S); and Fe(us-

S)s) bridged by three«,-S*~ ligands.

Partial structural analogs that contain Mg&eunits*® have
been found effective in the two electron and four electron
reduction of substrates such as hydra#meé acetylenéd and
1,2-dimethyldiazen& Within the MFeS, “cubanes” the het-
erometals (Mo or V), which are the sites of substrate reduction,
do not interact with or reduce N We have notetthat the
sequence of steps in the stepwise reduction of thenblecule
generates intermediates with drastically different ligand char-
acteristics such asJN, and NH,. Further, in nitrogenase, the
site within the Fe/Mo/S center that initially binds and activates
N (perhaps the R€u,-S); central unif) may not be competent
to bind and activate the reduction products or intermediates such
as diazene or hydrazine. If this is indeed the case, steps
subsequent to the first two electron reduction gfrhay occur
on other sites (Mo?) as the reduction proceeds to its conclusion.

Heteronuclear synthetic clusters that can be considered as
structural analogs for the nitrogenase Fe/Mo/S center and contain
sites of widely diverse coordination characteristics are not
available. Such clusters are needed to evaluate the importance
of multisite reactivity in the multielectron reduction of substrates.
In this communication we present results of our synthetic studies
in this area.

Among the plethora of cubic or cuboidal metal sulfur clusters
that have been reportéd, the corner-sulfide voided s
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variant} and the [(O)MCgS;Cl3]?~ heterometallic clusters.
Recently, we reportééf on the synthesis and structural deter-
mination of the [(CJ-cat)MoFgS4(PE)s]. fused-double cubane
cluster!?|, that contains [MoF5,]2+ subunits reduced by Ie
relative to the “conventional” MoR&, cubanes:* This cluster
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require each metal to bind to three of its neighboring atoms.
This does not appear to be the case as five of theMM
distances are found within the range of 2.625(2)002(1) A
and one is very long at 3.636(1) A.

In the structure ofll a crystallographic mirror plane bisects

is a convenient starting reagent for the synthesis of the hithertothe cluster and contains the Mo, O, Fe, and S atoms. The

unknown, mixed-metal, Roussin type complexes s{€it)-
MoFe&Ss(PEL)(CO), Il , and (Ch-cat)Mo(O)FeSs(PEE)3(CO)s,

Il . The reaction of with CO under a pressure of 350 psi for
24 h afforddl in 70% yield?? The same reaction under ambient
pressure of CO and prolonged standing (10 d.) reproducibly
affords crystals oflll in rather poor yield £1%)1? The
structures ofl andlll have been determined (Figure'# Both

molecule could be described as a derivativdlofith a (O)-
MoV in place of the M¥ ion. The structural details dil
however suggest that the molecule contains d'M@® group
and therefore the two electron oxidation may involve theJse
core!® The Mo=0 (1.672(1) A) grougransto one of theus-
S~ ligands results in a distorted MogS3 core by comparison
to the one inll. The $~ ligand trans to the Mo-bound oxo

molecules are neutral and adopt a distorted Roussin-like cuboidalgroyp, in addition to the weak bond it forms with the Mo atom

structure with MoFeS; cores. These cores represent distorted
versions of the MoF£5; unit in the cofactor of nitrogenase for
which no synthetic analog is currentlyailable. In Il , two of

(2.597(1) A), is bound to all three of the iron atoms and can be
described as as-S? ligand. The 66 valence electrons ldif
would require six electrons for MM bond formation to satisfy

the Fe atoms are five coordinate (one square pyramidal and thee effective atomic number of 18ger M. This appears to
other trigonal bipyramidal) at a distance of 3.636(1) A from pe the case as three short-Ml bonds from the central Fe atom

each other, and each is bound to two CO, weS*~ and one
EtsP ligands. The third iron, bound to two CO and tweS?*~

to the other metal atoms in the cluster are found in the range
2.570(1)-2.691(1) A. Theus-S* ligand interaction with the

ligands, shows a distorted tetrahedral coordination and is foundge atom on the mirror plane occupies a coordination site that

at 2.625(1), 2.701(1), and 2.680(1) A from the other two irons
and the Mo atom, respectively. The formally Maatom is
square pyramidal with two catecholate oxygen donors and two
us-S*~ ligands in the equatorial plane (M@ = 2.305(1) A)

and the otheps-S*~ ligand in the axial position. The “axial”
Mo—S(1) bond at 2.213(1) A is short but not quite as short as
the Mo=S bonds in various thiomolybdates that usually are
found“ between 2.055 and 2.157 A. A total electron count of
60e" for this coordination/organometallic hybrid cluster would
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could be freed for an additional ligand for the Fe atom, if the
us-S~ ligand was converted to an-S%~ ligand. The possibility

of us-$~ ligands sering as sites of nascent coordination
unsaturation is intriguing, particularly with reference to [M{

S)] clusters that at first sight appear coordinagily saturated

The cyclic voltammetry ofl on a glassy carbon electrode, in
CHCI, solution, shows two quasireversible reduction waves
at—0.756 and—0.888 V and an irreversible oxidation at 0.846
V.16 In a formal sense the oxidized [(cat)MP+ and [(cat)-
(O)M0'V] subunits inll andlll are bridged to reduced [E®]2~

and [FeSs] subunits, respectively, in a description that empha-
sizes the multisite character of these clusters. Currently, the
ability of Il andlll and their reduced forms to serve as catalysts
in the reduction of nitrogenase substrates is the focus of our
attention.
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