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of the N=N Bond of Phenyldiazene and Reduction of an Imide to Nkl
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The crystal structure of the MoFe cluster of Mo nitrogenase
(FeMoco}-? has raised the question of whether thg bihding
and reduction site on FeMotd* is mononuclear (Mo, Fe) or
polynuclear. Reduction of nitrogenous substrates, including N
itself, at synthetic mono- or polymetallic sulfur sites may give
insight into the biological process catalyzed by the enz§rfe.
While the possibility that Mo is the active site is substantiated
by extensive work on mononuclear MjRomplexes (M= Mo,

W; P = phosphine donof)}°statements that a second metal center
is notessential® or constitutes a disadvantadgéor the stepwise
conversion of N to NHs, are based essentially on the chemistry
of M(u-L)M' assemblies where the metal centers are bricdgeyl

by the substrate £:1314cSybstrate transformations (protonation,
reduction) lead to the disruption of these complexes into mono-
nuclear fragments at some stage of the reduction proiret®se
modelsthe utility of the second metal center is clearly question-

present here a study of the reactivity{0i—N} fragments at a
dinuclear{ M,(u-SR)} site and of the role played by the metal
centers in the transformation of the nitrogenous ligands. This
follows our recent description of the synthesis of the phenyl-
diazenido complex [Mgcp)(u-SMek(u-n-NNPh)], 1, and of
its protonation to give the phenyldiazene derivative jép),-
(u-SMe)(u-p>-HNNPh)J", 2.16 Here we present a preliminary
report on the electrochemical reduction2&nd of the cationic
imido complex [Ma(cp)(u-SMek(u-NH)]+, 3.17:18

The electrochemical reduction 8f(Eappies= —1.8 V vs fc'/
fc, graphite cathode, thf-[NB{[PF¢]) in the presence of acid (3
equiv of HTsO) under Ar produces the knoWwamido complex
[Moa(cp)(u-SMe)x(u-NH,)], 4, as the major product (759 after
consumption of nearly 4 (3. 0.2) F per mole oR. Complex
4 was characterized by comparison of its redox potentials with
those of an authentic sampiend by*H NMR spectroscopy of

able, even though they include one example wherein easy cleavagehe solid isolated from the catholyte. Monitoring by cyclic

of the dinitrogen triple bond has been demonstrate@ur
approach is conceptually quite different and is not open to the
same objection, even though it involves two metal centers. It is
focused on complexes with{#,(u-SR),} core!® These models

voltammetry of controlled-potential reduction ®fperformed in
the presence of 46 equiv of CRCO,H demonstrated that the
ammine complex [Mgcp)(u-SMe)x(NHs)(CF:CO,)] was formed
steadily. Cyclic voltammetry of the catholyte after completion

are robust, they have vacant or readily accessible coordinationof the electrolyses showed the presence of this complex in ca.
sites on each metal center, and the electronic and steric propertieg0—75% yield?*2t aniline was detected in the catholyte by GC

of the metal atoms and bridging ligands preclude linear
M(u-L)M arrangement$® As an illustration of our approach we
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nature of the reduction products demonstrates unambiguously thatScheme %

the N=N bond of the diazo bridge was cleaved (eq 1).
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This reduction may involve the formation of an imido
intermediate. The imide compleX reduces at a potential less
negative thar® (E,;°¢3 = —1.25 V vs fc'/fc; Ej®42 = —1.63
V vs fct/fc) so that, if it is formed during the reduction &f it
will be immediately reduced at the electrolysis potentiat-df.8
V. Controlled-potential electrolysis @& (Eappiies = —1.4 V vs
fct/fc, Pt cathode, thf-[NByJ[PF¢]) in the presence of 1 equiv of
acid produced (yield ca. 879%° after consumption of 1.8 F per
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aKey: @ = Mo(cp); the methyl substituents of the bridging sulfur
were omitted.

1, 2, and4 have been reported previoushi®They are dinuclear

mole of3. In the presence of 2 equiv of acid, the ammine complex analogues of intermediates invoked by the Chatt cycle for

[Moa(cp)(u-SMel(NH3)(X)] (X = CRCO,, TsO) was the final
metal product. Electrolyses & were also performed in the
presence of acid and chloride since treatment of fjwy(u-
SMek(NH3)(X)] with Cl~ is knownt® to induce the release of
ammonia and to afford [Mgcp)(u-SMe)(u-Cl)]. Controlled-
potential reduction oB under these conditions (3 equiv of'H
>2 equiv of CI ) produced they-Cl) complex &95%° and
ammonium chloride (6572%).

These results convincingly demonstrate thatithg diazenido

speciesl can be converted by successive proton and electron-

transfer stepwhich consere the dinucleaf Mo,(cph(u-SMe)t}

metal-sulfur sit§Scheme 1) into an ammine complex from which

ammonia can be releas&dComplexesl—5 (Scheme 1) have
all been fully characterizé#'®1$ the X-ray crystal structures of

[M(P)4]81911 and by the Schrock cycle for [M(cp*)ME*
complexes (M= Mo, W).

Our results and those reported by Hidai's grodpmonstrate
that N—N multiple bond can be cleaved at dinuclear metal-sulfur
sites, under mild conditions. Together with the new mode of
coordination of N to two metal centers recently discovered by
Fryzuk?S these results suggest that several steps of the biological
N> reduction could also take place at a di- or polymetallic site.
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