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Interest in the chemistry of three-coordinate trivalent niobium
complexes supported by hard, anionic ligands has arisen from
reports of their ability to mediate remarkable reactions including
C—H! and C-N? bond cleavages and atom transfer reactfons.

However, the high inherent reactivity of these complexes has made

their isolation a challenging endeavor, with methodologies for
stabilizing them having only recently become availdbtePrevi-
ously, we described the ability of the-isopropylanilide ligand
(N['Pr]Ar, Ar = 3,5-Me&CgH3) to mask reactive, three-coordinate
molybdenum trisamide complexes in a tautomeric molybdaziridine
hydride form via reversiblgg-H elimination® Fascinated by an
intriguing report of dinitrogen activation by a niobium trisamide
complex® chemistry we deemed explicable in terms of a nioba-
ziridine—hydride intermediate, we adopted the latter as a synthetic
target. Utilization of ouN-isopropylanilide ligand toward this goal
resulted at best in a borane adduct of the desired tafgety we
show that a new ligand variant, namely, the corresponding
N-neopentyl version, permits isolation of the desired niobaziridine
hydride Nb(H)2-Bu(H)C=NAr)(N[Np]Ar) » (1, Np = neopentyl),
which serves as a reactive synthon for the trivalent niobium
trisamide Nb(N[Np]Ar} (2).

A multistep synthetic strategy provided the Nb(V) diiodide
complex Nb(I}(N[Np]Ar)z (3) as an orange powder after diphe-
nylacetylene deprotection of the correspondjfelkyne complex
with elemental iodine (25% vyield over four steps starting from
NbCl;(DME); see Supporting Information). Treatment of a thawing
THF solution of3 with 1.25 equiv of Mg(THF)(anthracene) leads
to the formation of diamagnetitin 45—50% yield as orange blocks
after recrystallizatiof. TheH NMR spectrum ofl, consistent with
its solid-state structure (Figure 1), indicat&s symmetry due to
the formation of a stereogenic center at the carbon atom of the
niobaziridine ring. A broad resonance observed at 9.24 ppm is
assigned to the NbH moiety? as is a stretch of moderate intensity
at 1701 cm? in the infrared spectrum df.

In an effort to observe reversibjgH elimination, complex.
was studied by variable temperatdté NMR. The spectrum of
remained static up to 80C, at which temperature a ne®s
symmetric product appearetd and**C NMR data indicate the
product of thermolysis to be the neopentylimido complex, Nb-
(NNp)(Ar)(N[Np]Ar) 2 (4), formally the product of €N bond
oxidative addition by putative intermedia®e or alternatively the
product of 1,2-aryl migration (N~ Nb) via intermediate. It is
noteworthy that althougR is also the likely precursor t, crude
reaction mixtures assayed during the synthesisdi not indicate
any formation of4. However, @GDg solutions of purel at room
temperature do become enriched witlover time ¢, = ca. 4.5
d), pointing to a slow conversion dfto 2 in solution. Furthermore,
thermal rearrangement df proceeds quantitatively td, which

Whereas putativ@ was not observed directly, it was hoped that
1 would act as a functional equivalent @fwhen treated with
appropriate substrates. Depicted in Scheme 1 are examples of 2e
reductions effected by complek providing in high yields the
crystalline specie5—10. Worthy of mention is the deoxygenation
of triphenylphosphine oxide by leading to the oxo comples,
testifying to the ability ofl to serve as a source of the potent two-
electron reductar2. In addition,1 also proves to be a convienent
route to the four-coordinate, terminal chalcogenide compléges3
when treated with an appropriate chalcogen atom source. Complex
1 can engage in incomplete atom transfer reactions as'Wetius,
upon addition of the terminal phosphide complex PM&NRAr)3122
to GsDe solutions ofl, quantitative formation of the diamagnetic,
hetero-dinuclear bridging phosphide complex (Ar[NpINbB (u-P)-
Mo(N[Pr]Ar)z (9) is observed and further demonstrates the ability
of 1 to reduce a diverse host of substrates.

In an additional display of reductive potendyreacts with white
phosphorus (P to afford the dark green, bridging diphosphide
complex fu2:12,1m%-P,)[Nb(N[Np]Ar) 3]» (10) quantitatively as as-
sayed by*H and3!P NMR. The reaction can be viewed as a 2e per
Nb reduction of the Ptetrahedron and is reminiscent of the mild
activation of R reported for the Mo(lll) trisamide systek.
Formation of complexX.0 from 1 and R is selective inasmuch as
it is the only new product obtained when either an excess or
deficiency of R is used. The molecular structure 1 (Figure 2)
shows the P unit to be disposed in a side-on and butterfly
conformation relative to the NbNb vector (Nb-P—P—Nb dihedral
angle= 135.61(5Y). The Nb-Nb distance of 4.2052(8) A obviates
the existence of a MM bond and the observed diamagnetism of
10 substantiates the formulation of the #hit as a (4-) ligand, a
rarely documented functionality in early transition metal chemis-
try.13 Furthermore, while Nis known to bridge two Nb(NGys
(Cy = cyclohexyl) fragments in a linear fashiénhe B bridge in
complex10 provides a striking contrast that is reminiscent of the

retains its integrity at elevated temperatures. Thus, we hypothesizestructural chemistry of elemental nitrogen and phosph#rus.

that 1 is a kinetic product while isomet is the thermodynamic
product.

4020 = J. AM. CHEM. SOC. 2003, 125, 4020—4021

With the ability of1 to act as a source @festablished, reactions
with organic substrates were also probed. Treatmefitwaith 1.0
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goal of further exploiting the ability ofl to serve as a powerful
two-electron reductant, are currently underway.
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Figure 2. ORTEP diagram ofL.0 with 30% probability ellipsoids.
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(11), again demonstrating the accessibility of three-coordi2ate
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tion and subsequent small molecule activation chemfstrigh the
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ingly, no reaction ofl with dinitrogen has yet been observed under
ambient conditions. Whereas the molybdaziridihgdride func-
tionality has been shown conclusively to resist insertion into its
Mo—H bond? it is now shown for niobium that insertion pathways

are accessible upon addition of certain unsaturated substrates.
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