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Divalent compounds of the heavier group 5 elements (Nb,
Ta) can be classified as three types: mononuclear, polynuclear,
and organometallic.1 There are relatively few examples of each
type. Paramagnetic, octahedral MX2L4 species with M) Nb
or Ta and X) Cl, L ) PMe3 or 1/2dmpe2 and niobium
complexes with X) OAr and L) 1/2dmpe3 can be prepared
by reduction of higher oxidation state metal chlorides or
aryloxides with Na/Hg; KC8 works best for the reduction of
NbCl4(THF)2 in pyridine to preparetrans-NbCl2(py)4.4

A few anionic species of the type [M2X6(THT)3]2- or
[Nb2Cl5(THT)(py)3]- are also known.5 In these face-sharing
bioctahedral complexes (FSBO) there are formal triple bonds
between the metal atoms, but the metal-metal distances are
rather long, ca. 2.6 Å. There are multiple metal-metal bonds
in other FSBO species,5 such as W2Cl93-, but these are always
rather long, and there is no M-M distance within this structural
type shorter than 2.43 Å. Species of this type are interesting
and important in their own right, but in their chemistry and
electronic structures they have significant differences from
compounds where M-M multiple bonds are supported by
ligands that do not form bridges at all (as in Mo2Cl84-) or form
less intrusive bridges by linking pairs of coordinated atoms
through three-atom chains (as in Mo2(O2CCH3)4). It is the latter
class with which we are here concerned.
We have been interested in the preparation of compounds

with aσ2 π4 triple bond between Group 5 elements which should
be shorter than those found in FSBO complexes, much as we
previously showed for the vanadium(II) tetraformamidinate
compound.6 Unfortunately, we have been unable to prepare
the analogous M2(formamidinato)4 by reacting NbCl2(THF)n
solutions and lithium formamidinate salts, as was done for the
vanadium analogs. We have found that for the heavier elements
a reaction resulting in cleavage of the formamidinate ligand is
prevalent.7 In this reaction (or reactions, depending on condi-
tions) the cleavage is typically at a C-N bond. One or both of
the fragments ArN, ArNC are often incorporated into the isolated
products.

To avoid such cleavage, we decided to use a ligand which
would be more resistant toward cleavage because of the support
provided by other bonds within it. Such a ligand is the hpp
anion, hpp) 1,3,4,6,7,8-hexahydropyrimido[1,2-a]pyrimidinate,
which has already been shown to be effective in the stabilization
of dinuclear units in complexes such as M2(hpp)4, M ) V, Cr,
and Mo8 and Ru2(hpp)4Cl2.9

We report here that a reaction of NbCl3(DME)10a with a
mixture of Lihpp and KC8 in THF produces green crystals of
the diamagnetic complex Nb2(hpp)4, 1.10b The structure11 of
the centrosymmetric complex is shown in Figure 1. There are
four hpp ligands, each of which forms a bridge between the
niobium atoms, resulting in a lantern-type complex, very similar
to that found in the V, Cr, and Mo complexes. The metal-
metal bond length of 2.2035(9) Å is by far the shortest known
Nb-Nb distance, ca. 0.4 Å shorter then the corresponding
distances found in FSBO complexes (Vide supra). It is 0.27 Å
longer than that found in the isostructural vanadium complex
and is also 0.35 and 0.14 Å longer than the corresponding
distances found in the quadruply bonded chromium and
molybdenum analogs, respectively. Another interesting com-
parison is thatbetween the congeneric pairs of compounds, V2-
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NbCl3(DME) (0.5 g, 1.7 mmol) was added to a mixture of Lihpp (0.622 g,
4.3 mmol) and KC8 (0.27 g, 2.0 mmol) in THF (15 mL). The mixture was
stirred for 3 h at room temperature and was filtered through Celite. The
resulting THF solution was then layered with 20 mL of hexanes. Green
crystals of1 appeared after several days. The yield of the reaction was
0.10 g (16%) and has not yet been optimized.1H-NMR (ppm,C6D6): 3.09-
(t), 2.57(t), 1.53(q); elemental analysis gave satisfactory results.

(11) The compound crystallizes in space groupP1h with the following
unit cell parameters:a ) 8.437(1) Å,b ) 9.615(2) Å,c ) 10.268(1) Å,
R ) 87.26(3)°, â ) 70.530(5)°, γ ) 80.77(1)°, V ) 775.1(2) Å3, andZ )
1. Refinement converged for 1944 unique reflections and 190 parameters
to give R1) 0.039 and wR2) 0.089 and a goodness-of-fit (Goof)) 1.081.

Figure 1. Thermal ellipsoid plot of1, atoms are drawn at the 50%
probability level. Selected bond distances and angles: Nb(1)-Nb-
(1a)‚‚‚2.2035(9) Å, Nb(1)-N(11)‚‚‚2.201(4) Å, Nb(1)-N(21)‚‚‚2.201-
(4) Å, Nb(1a)-N(12)‚‚‚2.198(4) Å, N(11)-Nb(1)-N(21)‚‚‚89.1(2)°,
N(12a)-Nb(1)-N(11)‚‚‚176.6(2)°, N(12)-C(17)-N(11)‚‚‚119.0(5)°.
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(hpp)4/Nb2(hpp)4 and Cr2(hpp)4/Mo2(hpp)4. Within each of
these pairs the increase in M-M distance is 0.28 and 0.23 Å,
respectively. The reason for the somewhat greater increase for
the pair from group 5 is not clear.
Another point of interest is the comparison of this structure

with the one recently predicted (genuinely, before the compound
was made) by density functional theory.12 The calculated Nb-
Nb distance was 2.225 Å for the closely related Nb2(HNCHNH)4
and the calculated Nb-N distances were 2.20 Å. The agreement
with those just found (2.20 Å for Nb-Nb and 2.20 Å for Nb-
N) is impressive.
To further put the Nb-Nb triple bond distance in context,

we may note that at 2.20 Å it is enormously shorter than the
Nb-Nb distances in the metal itself (2.85 Å) which is one of
the most refractory ones known (mp 2468°C). Also, in terms
of the formal shortnessratio (FSR),13 whereby the length of a
given chemical bond is normalized to the sizes of the metal
atoms themselves by using Pauling’sR1 values, we have in this
case 0.820. The only class of compounds characterized by lower
values are the quadruply-bonded dichromium compounds
(0.76-0.79) and the triple bonded divanadium compounds with
FSRs of 0.79-0.81. In Re2Cl82-, for comparison, the FSR is
0.87.

In conclusion, it is notable that the preparation of this
compound is more than “just another M-M multiple bond”. It
is the first step toward opening up what has been the most
difficult and resistant area, namely the stabilization of such
bonds in the earliest transition metal groups, 4 and 5. While
the preparation of VtV bonds was already accomplished several
years ago, the question of whether congeneric compounds of
niobium and tantalum could be obtained was far from answered,
because while the heavier elements are more prone to M-M
bond formation, they are much less prone to exist in very low
oxidation states. We are now very optimistic that a tantalum
analog to this niobium compound will be obtainable and also
cautiously optimistic about the accessibility of similar com-
pounds (with double bonds) in group 4.
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