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Elemental metals exhibit close-packed solid-state structures,
whereas elemental boron, a near metal,1 features interconnected
icosahedral cages. Metal borides possess structures that range
from metal lattices containing interstitial boron atoms at one
compositional extreme to boron cage networks containing metal
atoms in voids at the other.2 Similarly, metallaboranes exhibit
molecular cluster structures with interstitial boron atoms for metal-
rich compounds3 and boron cages with one or more vertexes
subrogated by metal fragments for boron-rich compounds.4-6 For
some time we have had an interest in metallaboranes in which
the numbers of metal and boron atoms are more nearly equal in
the expectation that the competing structural tendencies of the
two elements might lead to unusual behavior.7 Although ex-
amples of such compounds are limited, for metals in groups 8
and 9, normal borane cage-like behavior is observed,8 albeit with
some interesting exceptions.9-13

Recently, we have developed the syntheses of group 6
metallaboranes based on the reactions of [Cp*MCln]2 (M ) Cr,14

Mo,15 and Cp*) η5-C5Me5) with monoboranes and have isolated
a number of novel compounds. In two instances, the lower
number of valence electrons and the higher metal orbital energies
of the group 6 Cp*M fragments relative to group 9 metals, for
example, lead to the observation of electronic unsaturation in the
cluster bonding network.16,17 Since these clusters are small,
sufficient capping to compensate for the missing electrons is not
possible. In larger clusters, additional capping would be expected.
If highly capped structures were formed, close-packed structures
would be expected.18 The metal cluster, [H4Os10(CO)24]2-, for

example, has a tetra capped octahedral structure and constitutes
a 10-atom cluster with close-packed metals.19

An extension of our synthetic approach to tungsten resulted in
the isolation of a number of new compounds. In addition, these
procedures allow Cp*H3WB4H8, 1, a compound previously
isolated in 1% yield as the spectroscopically characterized C5H4-
iPr derivative,20 to be generated in good yield. Crystallographic
characterization of1 has confirmed the postulated structure shown
in Chart 1. Since1 is well set up for the loss of H2, we have
explored its condensation by simple thermolysis. Larger boron-
rich tungstaboranes result in which the spatial arrangement of
the boron and metal atoms in one compound approximates a close-
packed structure rather than a single borane cage. In effect, the
low Cp*W fragment electron count induces the borane fragments
to compensate by adopting a highly capped structure. Note that
tungstaboranes are rare; only four structurally characterized
tungstaboranes have been reported previously, and all contain a
single metal atom.21-24

As summarized in Chart 1, the pyrolysis of125 yields
Cp*2W2B5H9, 2, the analogue of Cp*2M2B5H9 (M ) Cr, Mo)
(Chart 1),26 and a second compound that has been identified as
Cp*3(µ-H)W3B8H8, 3, on the basis of its spectroscopic properties27

and a solid-state structure determination.28 The geometric
structure of3 is shown in Figure 1 and Chart 2c where it is seen
to consist of a Cp*3W3(µ-H) triangle joined in a complex way to
8 BH fragments. All of the B-B, B-W, and W-W distances
can be considered bonding, although two of the last are somewhat
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long (see below). The W-W bridging hydrogen is found in the
structure determination, and its position is confirmed by the183W
satellites in the1H NMR spectrum (a doublet,1JWH ) 67 Hz, of
intensity 31% due to the183W-H-W isotopomer (calcd abun-
dance 33%) plus the outer lines of a triplet of intensity 3% due
to the183W-H-183W isotopomer (calcd abundance 2.7%)).

The prescribed geometry for an 11-vertex, closed main-group
cage is shown in Chart 2a, and examples of monometal metall-
aboranes with the expected 12 skeletal electron pairs (sep) as well
as 11 sep are known.29,30 If the W(1,1′)-W(2) distances are
considered to be nonbonding,3 is a single cage; however, a
comparison of parts 2a and c of Chart 2 reveals a distinctively
different geometry for3. In addition,3 can only have 7, 10, or
13 sep, depending on whether the Cp*W is considered as a-1-,
1-, or 3-electron donor to the cage.31-33 These observations forced
a different analysis of the structure.

The 11-atom transition metal cluster [Ru11H(CO)27]3-, 4,
exhibits a hexagonal close-packed metal core (Chart 2b).34 It

possesses 146 cluster valence electrons (cve) consistent with its
11-atom close-packed structure,35 and therefore, a M3E8 cluster
of identical geometry should exhibit 66 cve.18,36 In fact, 3 does
possess 66 cve, and its geometry is very similar to that of4. For
both3 and4, the bottom two layers (Chart 2b and c) can be seen
to be derived from the A, B layers of a close-packed structure.
(In 3, B(3, 3′) are 0.511(4) Å below the plane of the W3 triangle.)
The top layer of4 is positioned to give A, B, A stacking as are
the B(2, 2′) atoms of 3. However, B(1) is in a position
corresponding to A, B, C stacking. For spheres of equal radii,
an arrangement of this type is not possible, but due to the disparity
in W and B radii, it is preferred in3 since it permits B-B bonding
in the third layer. Despite the difference, the number of bonded
edges in3 and4 remain equal.

The feature that distinguishes a close-packed structure of3 from
a single cage is the presence or absence, respectively, of bonding
between W(2) and W(1, 1′). Unfortunately, the W(2)-W(1)
distance of 3.0597(6) Å is ambiguous: it could be bonding or
nonbonding. Fenske-Hall calculations37,38 on 3 reveal a sub-
stantial HOMO-LUMO gap consistent with the cve count. More
importantly, MOs associated with the W3H triangle and reminis-
cent of the Walsh orbitals of cyclopropane can be identified. Thus,
the HOMO at-12.19 eV consists of the symmetric bonding
combination of W dz2 orbitals pointed toward the center of the
W3 triangle and an unoccupied antibonding partner is found at
-2.02 eV. Furthermore, the W(2)-W(1) Mulliken overlap
population is 0.08 which compares favorably with 0.13 for
Cp*2W2B5H9 with dW-W ) 2.8170(8) Å. The calculations support
the description of3 as a close-packed metallaborane.

Finally, we note that3 is isoelectronic with a hypothetical Cp*3-
(H)W3C8 molecule which can be considered a ligated metal
analogue of a metallocarbohedrene or “met-car”.39 The latter
compounds, which consist of early transition metals and carbon
atoms, have also been described as close-packed main-group
transition metal clusters, and their proposed structures have been
of considerable theoretical interest.40 We suggest that the factors
driving close-packing in3 are the same as those responsible for
the close-packed met-car structures. Full details of this new
chemistry and that of the other new tungstaboranes will be
forthcoming.
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Figure 1. The molecular structure of Cp*3(µ-H)W3B8H8, 3. Selected
bond distances (Å): W(1)-B(3) 2.077(13), W(1)-B(2) 2.16(2), W(1)-
B(5) 2.226(13), W(1)-B(4) 2.331(12), W(1)-B(1) 2.52(2), W(1)-W(1′)
2.8008(7), W(1)-W(2) 3.0597(6), W(1)-H(1) 1.58(7), W(2)-B(2) 2.231-
(10), W(2)-B(3) 2.254(12), W(2)-B(1) 2.26(2), W(2)-B(4) 2.339(13),
B(1)-B(2) 1.71(2), B(2)-B(3) 1.83(2), B(4)-B(5) 1.78(2), B(4)-B(4′)
1.79(2).

Chart 2
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