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Our approach for mimicking the reduction of nitrogen with
transition metal complexes,12 in an oxygen-rich environment3

centers on the utilization of low-valent niobium4 bound to the
calix[4]arene tetraanion.5 Such species can react to form metal-
metal-bonded dimers or to reduce and cleave, under appropriate
conditions, N-N multiple bonds.

Scheme 1 displays the relationship between these two reaction
pathways. The stepwise reduction of1 under argon using Na
metal in THF allowed for the isolation and identification of2,6

3,7 and4.8 The use of an Ar atmosphere is necessary for obtaining
3 and4, since the reduction of2 under N2 led to a mixture of
unidentified products. Complexes2 and4 have been structurally
characterized [Nb-Nb, 2.757(1) Å,2; 2.385(2) Å,4],9 while the
X-ray structure of3, the key compound in this context, is not yet
available. In the solid state it is essentially diamagnetic,10 but
this does not allow us to easily indicate by which mechanism,
antiferromagnetic interaction or a double metal-metal bond, the
two Nb ions couple. Complex3 reacts with N2 to form 5.11
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at room temperature for 4 days. Volatiles were removed in vacuo, the yellow
solid residue was washed withn-hexane (200 mL) and then collected and
dried in vacuo (18.08 g, 76%).1H NMR (C5D5N, 298 K, ppm): δ 1.14 (s,
72H, But), 1.60 (m, 24H, THF), 3.12 (d, 8H,J ) 12.0 Hz, CH2), 3.64 (m,
24H, THF), 4.89 (d, 8H,J ) 12.0 Hz, CH2), 7.14 (s, 16H, Ar). Anal. Calcd
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of analytically pure3 was saturated with N2 and stirred at room temperature
overnight,5 was quantitatively formed. Crystals of complex5 suitable for
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Scheme 1
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The crystals of512 from diglyme consist of [{Nb(p-But-
calixarene)}2(µ-N2)]2- dianions (Figure 1), disordered [Na-
(diglyme)2]+ cations, and benzene hosted in the calixarene cavity.
Each Nb calixarene unit possesses a crystallographically imposed
C4 symmetry, with the niobium displaced by 0.446(1) Å from
the O4 planar core. The Nb-N [1.748(12) Å]13 and the N-N
[1.390(17) Å] distances support the presence in5 of the four-
electron-reduced hydrazido form of dinitrogen. This is indirectly
supported by the reaction of5 with PhCHO to give the
corresponding azine14 and the niobyl derivative8,15 obtained also
by reaction of3 and5with O2. The N-N distance is the longest
ever found in an end-on bridging N24 and is comparable to that
in the hydrazido complexes.16 The reducing power of the
carbenoid Nb(III) in the active form3 is displayed in the reaction
with azobenzene, with the complete cleavage of the NdN and
the formation of the terminal imido Nb complex617 [NbdN,
1.758(15) Å; Nb-N-Ph, 175.5(15)°]. Only in a few other cases

has complete cleavage been observed.13c,e,18 The weak N-N
single bond in5, reduced with Na, led to the nitride dimer
complex719 (Figure 2).20 The dimer has aCi symmetry and a
planar Nb2N2 core, with Nb‚‚‚Nb and N‚‚‚N separation of 2.801(1)
and 2.598(8) Å, respectively. The nitrido21 anion bridges the two
Nb with an average distance of 1.910(7) Å and experiences a
long-distance interaction with Na+ at 2.433(8) Å.
The stepwise reduction of N2 to nitride achieved using the Nb

calix[4]arene fragment has several analogies with the pioneering
work by Cummins, who used a d3 Mo(III) trisamido complex.2
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Figure 1. ORTEP drawing of complex 5 (30% probability ellipsoids).
Selected bond distances (Å): Nb1-O1, 1.991(8); Nb1-N1, 1.748(12);
N1-N1′′, 1.390(17); O1-C1, 1.350(10). Bond angles (deg): O1-Nb1-
N1, 102.9(3); O1-Nb1-O1′, 87.1(3); Nb1-O1-C1, 132.1(6); Nb1-
N1-N1′′, 180.0(-). Prime and double prime denote transformations of
0.5 -y, x, z andx, 0.5- y, 0.5- z, respectively. Disorder involving the
guest benzene molecule has been omitted for clarity.

Figure 2. ORTEP drawing of complex 7 (50% probability ellipsoids).
Selected bond distances (Å): Nb1-O1, 2.117(6); Nb1-O2, 2.067(6);
Nb1-O3, 2.117(5); Nb1-O4, 2.084(6); Nb1-N1, 1.906(6); Nb1-N1′,
1.914(7); Na1-N1, 2.433(8). Bond angles (deg): N1-Nb1-N1′, 85.7(3);
Nb1′-N1-Na1, 96.6(3); Nb1-N1-Na1, 97.1(3); Nb1-N1-Nb1′, 94.3(3).
Prime denotes a transformations of-x, -y, -z.
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