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Although the reduction of dioxygen and isoelectronic diazo
compounds can be achieved by a plethora of metal-based
systems, evidence presently is lacking concerning the direct four-
electron reduction of these substrates at a single metdhSite.
We communicate here our studies of the reaction of a mono-
nuclear tungsten aryloxide compound with @nd RN=NR
molecules to produce the corresponding bis(oxo) and bis(imido)
derivatives. Mechanistic studies conclusively prove that reduc-
tion of the diazo compound occurs at a single metal center.

The emerald green complex [W(@@Phs-18-CgHs)-
(OAn(PMePh)] 1 (OAr = 2,3,5,6-tetraphenylphenoxide) for-
mally contains a #W(Il) metal center stabilized by an
nb-interaction with theo-phenyl ring of one of the aryloxide
ligands (Scheme ¥).This thermally stable 16-electron species
will react with a wide variety of substrates in hydrocarbon
solvents. Exposure to oxygen results in rapid formation of the
dioxo complex2 along with free PMePh(Scheme 1,8 while
reaction with azobenzene produces the corresponding bis-
(phenylimido) derivative3 which has been characterized by
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X-ray diffraction? This latter reaction can be readily monitored
in C¢Dg solvent by following changes in the aromatic region of
theH NMR spectrum. Kinetic studies show that the formation
of 3 is inhibited, but not reversed, by the addition of PMgPh
to the initial reaction mixture ofl and PhN=NPh. The
reactivity of1 can be exploited (Scheme 1) for the synthesis of
the isotopically labeled compounds [(ABY(*>NPh)] 3-15N,
and [(ArORW(NC¢Ds);] 3 Hio. The reaction ofl with
PhSN=15NPh can be monitored ByN NMR spectroscopy and
shows that all of thé®N label is cleanly converted int8-1°N,

with no detectable intermediates or minor produdéts.

Important mechanistic insights into this reactivity are gained
by utilizing the symmetric and asymmetric substratesl{
N=NCgHs, 4-MeGH4N=NCgHs-4-Me, and GHsN=NCgH;-
4-Me (Scheme 1} The 500 MHz'H NMR spectra of the
crude reaction mixtures show that three distinct products are
produced. An important observation is that the asymmetric
diazo substrate initially produces only the mixed imido product
5 with no detectable amounts 8for 4 (Figure 1). Interestingly,
this solution of5 in C¢Dg converts slowly over days to a 1:2:1
mixture of3:5:4 (Figure 1). A similar mixture can be obtained

?fter several days by combining solutions3énd4 in CgDe.
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Figure 1. *H NMR (500 MHz, GDs¢) spectra of the aromatic region
of the reaction ofl with excess PhRNTol: (A) initial spectrum
showing 5; (B) and (C) same sample after 24 and 72 h at room
temperature showing equilibration betwe&r, and5. Protonss-H2
and 5-H2' are the ortho protons of the NPh and NTol groups in
compound5, respectively.

The pathway that leads to exchange can be showtrto
involve overall metathesis of diazo compourds.Hence
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formation of 3 and 4 from 5 in the presence of excess
CsHsN=NC¢H4-4-Me does not produce any detectable (NMR/
GC) amounts of either of the symmetric diazo compounds. This
is confirmed by the addition of PPN=13NPh to3 which fails

to produce N NMR) any detectable amounts &N-labeled

3 over weeks at 25C.

Previous theoretical analysis of the single metal center
reduction of Q by Mayer et al? has shown that a concerted
opening of a &metal peroxo species to the correspondifig d
metal dioxo product is symmetry disallowed. A preliminary
orbital analysis of the azobenzene reaction uncovered here shows
that the concerted coordination and cleavagei®tizobenzene
by a bent 4[W(OAr),] unit is feasible (see the supporting
information)13

We can, therefore, conclude that the facile, four-electron
reduction of diazo compounds occurs at these mononuclear
tungsten metal centers to produce the corresponding bis(imido)
derivatives. The exchange of imido groups between tungsten
centers can occur, but azobenzene metathesis does not account
for this ligand exchange reaction. Further mechanistic and
theoretical studies of these and related reactions are underway.
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