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Metal-sulfur cubane-type clusters have been attracting sig-
nificant attention owing to their unique structures and properties.1

Recent X-ray crystallographic studies on nitrogenase have
revealed the structure of the FeMo cofactor cluster, which consists
of two incomplete cubane-type units connected by three bridging
sulfides{(MoFe3S3)(µ-S)3(Fe4S3)}.2 This has spurred on particu-
larly the syntheses of the cuboidal clusters relevant to this active
site core, including those with{(MoFe3S4)(µ-S)(Fe4S4)} or related
Mo/Fe/S chromophores.3 However, cuboidal metal-sulfides with
a N2 ligand are still unknown,4 and even those with nitrogenous
ligands relevant to N2 reduction are unexplored except for a few
examples having coordinated hydrazines.3d,5

Our research interest has focused recently on the exploitation
of the rational pathways for preparing the metal-sulfido clusters,
particularly the cubane-type clusters containing noble metals.6

Now we have found that a new cubane-type Mo2Ir2S4 cluster with
a terminal oxo ligand can be obtained from the reaction of a
sulfido-bridged dioxo dimolybdenum complex with a hydrosul-
fido-bridged diiridium complex. Importantly, this cluster has been
shown to undergo the condensation reaction with PhMeNNH2 at
its ModO site to afford a novel cluster with a hydrazido(2-)
ligand. Although mononuclear hydrazido(2-) complexes of Mo
and W with tertiary phosphine coligands have been studied
extensively in relevance to the mechanism of biological and
industrial N2 fixation,7 cubane-type metal-sulfido clusters con-
taining a hydrazido ligand are yet unknown8 in spite of their
potential to give some insight into the biological N2-reducing
system.

Treatment of [{MoO(DMF)3}2(µ-S)2]I 2 (1)9 with an equimolar
amount of [(Cp*IrCl)2(µ-SH)2]10 (2; Cp* ) η5-C5Me5) in the

presence of excess [Me4N]Cl gave [(MoOCl2){MoCl2(DMF)}-
(Cp*Ir)2(µ3-S)4] (3) (Scheme 1).11 It is to be noted that we have
already reported that2 and its Rh and Ru analogues can serve as
versatile precursors for preparing a number of polynuclear homo-
and heterometallic sulfido clusters.12 An X-ray analysis (Figure
1)13 has shown that3 has a pseudo mirror plane defined by Mo-
(1), Mo(2), S(1), and S(4), which is consistent with the appearance
of the Cp* resonance as one singlet in its1H NMR spectrum. In
contrast to the equivalence of the two Ir sites, the nature of the
two Mo atoms is significantly different; in addition to three sulfide
and two chloride ligands, a DMF molecule is bound to Mo(1),
while Mo(2) has a terminal oxo ligand. Hence, the tetrahedral
Ir2Mo2 core is significantly distorted, in which three intermetallic
distances, Ir(1)-Mo(1), Ir(2)-Mo(1), and Mo(1)-Mo(2), varying
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from 2.893(1) to 2.960(2) Å, correspond to those of the metal-
metal single bond, while the remaining three are those without
any bonding interaction (3.496(2)-3.552(1) Å). With respect to
the metal-sulfur bonds in3, only the Mo(2)-S(4) bond at 2.611-
(3) Å is exceptionally elongated from the other Mo-S and Ir-S
bonds in the range 2.304(3)-2.391(3) Å, reflecting unambigu-
ously the strong trans influence of the oxo ligand. The Mo(2)-
O(1) bond length at 1.679(9) Å is not unusual for the terminal
oxo group bound to the high-valent Mo atom surrounded by the
sulfide coligands14 and is comparable also to that in the organo-
metallic Mo(V) complex Cp*Mo(O)Cl2 (1.683(2) Å).15

Condensation reactions of oxo complexes with hydrazine or
organic hydrazines are often employed to prepare dinitrogen (or
hydrazido(4-)) and hydrazido(2-) complexes,16 which include
several Mo and W hydrazido(2-) complexes.17 Although the
reaction of3 with N2H4 was found to be elusive, treatment of3
with PhMeNNH2 has turned out to give the desired condensation
product [{Mo(NNPhMe)Cl2}{MoCl2(DMF)}(Cp*Ir)2(µ3-S)4] (4)
(Scheme 1),18 whose structure has also been determined by X-ray
analysis (Figure 2).19 In 4, the metrical parameters associated with
the Ir2Mo2S4 core are in good agreement with those in3. The

PhMeNN ligand is bound to Mo(2) in an end-on fashion, where
the Mo-N-N linakge is almost linear (172(1)°) and the Mo-N
and N-N bond distances are 1.74(1) and 1.32(2) Å, respectively.
All non-hydrogen atoms in the hydrazido(2-) ligand as well as
Mo(2) are essentially coplanar, where the plane defined by these
atoms is oriented toward the direction nearly coincident with the
Mo(2)-S(3) vector. The structural features associated with the
MoNN moiety are well comparable to those in the other
hydrazido(2-) complexes.20 A strong trans influence of this
organohydrazido(2-) ligand is implicated by the much longer
Mo(2)-S(4) bond (2.541(4) Å) than the other M-S bonds (2.308-
(4)-2.385(4) Å) in4.

Further studies are now in progress to clarify the reactivities
of the hydrazido(2-) ligand in4 toward protonation, preliminary
results of which revealed, for example, the formation of PhMeNH
in 21% yield by treatment with 2,6-lutidine hydrochloride and
Cp2Co as the proton and electron sources, respectively. Details
will be reported in a subsequent paper.
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Figure 1. ORTEP diagram of3. Hydrogen atoms are omitted. Metal-
metal distances (Å): Ir(1)-Ir(2), 3.552(1); Ir(1)-Mo(1), 2.894(1); Ir-
(1)-Mo(2), 3.496(2); Ir(2)-Mo(1), 2.893(1); Ir(2)-Mo(2), 3.542(1);
Mo(1)-Mo(2), 2.960(2).

Figure 2. ORTEP diagram of4. Hydrogen atoms are omitted. Metal-
metal distances (Å): Ir(1)-Ir(2), 3.563(1); Ir(1)-Mo(1), 2.884(2); Ir-
(1)-Mo(2), 3.474(2); Ir(2)-Mo(1), 2.896(2); Ir(2)-Mo(2), 3.496(2);
Mo(1)-Mo(2), 2.974(2).
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