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Summary: Reduction of [(η-C5Me5)VCl(µ-N)]2 with so-
dium amalgam in toluene gave the diamagnetic cubane
[(η-C5Me5)V(µ3-N)]4, which was characterized by spec-
troscopy, chemical analysis, and X-ray crystallography.
The cluster has short V-V and V-N distances (2.674(8)
and 1.87(2) Å, respectively), indicative of a strong V-N
bond. It can be reversibly reduced electrochemically to
{[(η-C5Me5)V(µ3-N)]4}-.

Clusters containing main-group atoms which are
three-coordinated to the triangular faces of transition-
metal arrays are common for the elements of groups 16
and 17 but very rare for group 15. Dahl and co-workers
prepared the cubanes [Co(CO)3(µ3-Sb)]41 and [(η-C5H5)-
Co(µ3-P)]42 and discussed possible routes to similar
compounds containing nitrogen.3 Roesky and co-work-
ers prepared [(η-C5Me5)Ti(µ2-NH)]3(µ3-N),4 and during
the writing of this paper, Mena and co-workers obtained
[(η-C5Me5)Ti(µ3-N)]4 by treatment of (η-C5Me5)Ti(NMe2)3
with NH3.5 We communicate here the rational synthe-
sis of the nitride cubane [(η-C5Me5)V(µ3-N)]4, by reduc-
tion of [(η-C5Me5)VCl(µ2-N)]2.
Reduction of [(η-C5Me5)VCl(µ-N)]26 with sodium amal-

gam in toluene, or with lithium nitride or magnesium
in tetrahydrofuran, gave golden brown [(η-C5Me5)V(µ3-
N)]4 (equation 1).7 The reaction appeared to proceed

2[(η-C5Me5)VCl(µ-N)]2 + 4Na f

[(η-C5Me5)V(µ3-N)]4 + 4NaCl (1)

quantitatively, although workup was complicated by the
presence of colloidal sodium, lithium, or magnesium,
chloride.
Diamagnetic [(η-C5Me5)V(µ3-N)]4 was characterized by

NMR spectroscopy in C(2H1)Cl3 solution (1H, 1.75 ppm,
singlet; 13C, 114.3 ppm, singlet, C5(CH3)5 and 12.6 ppm,
singlet, C5(CH3)5; 51V, 19.2 ppm, singlet), high-resolution
mass spectrometry (foundm/e 800.2513, calculated for
C40H60V4N4 800.2578), low-resolution mass spectrom-
etry (all (C5Me5)nV4N4 fragments for n ) 4-2), infrared
spectroscopy (intense absorption band at 441 cm-1,
assigned to the antitranslational mode of the [V(µ3-N)]4
core8), elemental analysis (Anal. Found: C, 59.2 H, 7.5;

N, 7.4. Calcd for C40H60N4V4: C, 60.0; H, 7.6; N, 7.0),
and X-ray crystallography9 (Figure 1). The results
prove that the product was the desired cubane.
The cluster was moderately sensitive to O2 but very

sensitive to hydrolysis. It could be reduced electro-
chemically (tetrahydrofuran solution, But4NBF4 as sup-
porting electrolyte) with a reversible reduction wave at
+0.16 V.
In [(η-C5Me5)V(µ3-N)]4 the V-V and V-N distances

average 2.674(8,48) and 1.87(2,12) Å, respectively.12
Both distances are very similar to those in [(η-C5Me5)-
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derived from the data obtained from the smaller cell. The N and C
atoms could not be refined anisotropically. This fact, combined with
the observation of some reflections which could not be indexed with
the present cell, suggests that a yet larger supercell is present. This
possibility is being investigated. However, the metrical parameters of
[(η-C5Me5)V(µ3-N)]4 will not be significantly affected by refinement in
the new cell.
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Ti(µ3-N)]4, (Ti-Ti ) 2.788 Å, Ti-N ) 1.939 Å5) when the
difference in radii of Ti and V is taken into account. The
average V-N distance is longer than that in [(η-C5Me5)-
VCl(µ2-N)]2 (1.771(2) Å6). This is expected because [(η-
C5Me5)V(µ3-N)]4 contains µ3-N, whereas [(η-C5Me5)VCl-
(µ2-N)]2 contains µ2-N. However, the observation that
the V-V and V-N distances are considerably shorter than
the Cr-Cr and Cr-O distances in [(η-C5Me5)Cr(µ3-O)]4
(2.834(2) and 1.945(5) Å, respectively8) is unexpected.
Regardless of whether the clusters are considered as
containing VIV-N-III and CrIII-O-II or as containing
neutral atoms, the vanadium nitride is expected to be
larger than the chromium oxide cluster. There are four
cluster electrons in [(η-C5Me5)V(µ3-N)]4, which occupy
the e orbitals shown in Figure 2.13,14 This e orbital is
completely nonbonding. In [(η-C5Me5)Cr(µ3-O)]4 there
are 12 cluster electrons, which occupy the e, 1t2, and a1
orbitals (Figure 2). The 1t2 orbital is antibonding by

symmetry, and the a1 is bonding, but the overlap
integrals for all of the e, 1t2, and a1 orbitals are very
small. Thus, the reduction in the average M-M distance
on going from [(η-C5Me5)Cr(µ3-O)]4 to [(η-C5Me5)V(µ3-
N)]4 is not due to the number or configuration of the
cluster electrons. The position of the 51V signal in the
NMR spectrum (+19.2 ppm relative to V(O)Cl3) is
indicative of a low electron density at the vanadium
atoms.15 Thus, the spectroscopic, diffraction, and mo-
lecular orbital results suggest that the size of the [V(µ3-
N)]4 core is a reflection of a very strong V-N σ-bond in
[(η-C5Me5)V(µ3-N)]4.
We are exploring the reduction of (η-C5R5)MCl(A)

complexes as a general route to [(η-C5R5)M]m(µ3-A)n
clusters. Preliminary spectroscopic and crystallographic
results show that reduction of [(η-C5Me5)TaCl(µ2-N)]316
with Na/Hg gives [(η-C5Me5)Ta(µ3-N)]4, reduction of (η-
C5Me5)VCl2(O)17 gives [(η-C5Me5)V(µ3-O)]4, reduction of
(η-C5Me5)MoCl2(O)18 gives [(η-C5Me5)MoO]4 (which is
not a cubane), and reduction of [(η-C5Me5)MoCl(O)]2(µ2-
O)18 gives [(η-C5Me5)Mo]4(µ2-O)6.
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Figure 1. Structure of [(η-C5Me5)V(µ3-N)]4, as determined
by X-ray diffraction. Important average distances (Å) and
angles (deg) in the two independent molecules are as
follows: V-V, 2.674(8,48); V-N, 1.87(2,67); V-Cp, 2.01(2,4);
V-N-V, 91.1(9,67); N-V-N, 88.8(9,72).

Figure 2. The six cluster orbitals of lowest energy in a
[(η-C5R5)M(µ3-A)]4 cluster. In [(η-C5Me5)V(µ3-N)]4, the e
orbital is fully occupied; the others are unoccupied. In [(η-
C5Me5)Cr(µ3-O)]4 all six orbitals are occupied.
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