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ABSTRACT: The reaction of [Cp*MoCl4] with an excess
of LiBH4, followed by thermolysis with tellurium powder in
toluene, afforded a tricapped cubane cluster, [(Cp*Mo)4B4H4-
(μ4-BH)3] (1), which represents an unprecedented metal-
rich metallaborane cluster with a cubane core containing 58
cluster valence electrons (cve) and three metal�metal bonds.

In the past several years, a number of compounds containing
cubic or distorted-cubic M8 or M4E4 (M = transition metal;

E =main-group elements) geometries have been encountered, in
which some or all of the faces are capped by main-group element
fragments.1�5 Cubane clusters containing an M4E4 core are
known to have different types of structures, especially with res-
pect to the M�M bonding of the cubane core.6 We recently
described a simple method for the preparation of sulfur- and
selenium-containing cubane clusters, [(Cp*Mo)2(μ3-E)2B2H-
(μ-H){Fe(CO)2}2Fe(CO)3] (I, E = S; II, E = Se),7 from the
thermolysis of [(Cp*Mo)2B4E2] (E = S, Se) in the presence of
Fe2(CO)9 at elevated temperature. In a similar fashion, the
reaction of a yellow solution of arachno-[(Cp*RuCO)2B2H6]
with an excess of Fe2(CO)9 resulted in the formation of a
heterometallic cubane cluster, [(Cp*Ru)2(μ3-CO)2B2H(μ-H)-
{Fe(CO)2}2Fe(CO)3] (III), similar to the structures of I and II.7

Cubane is a quite popular shape, especially for combinations
of heterometal and main-group elements.8 Structurally charac-
terized metallaheteroboranes containing group 16 elements, in
particular tellurium, are very rare. Therefore, our efforts to in-
corporate main-group elements, in particular, heavier elements
into transition metal cubane clusters have recently been focused
on the Te atom. Thus, the reactions of different chalcogen sources
containing Te atoms, e.g., tellurium powder, Ph2Te2, etc., were
performed with an intermediate, generated from the reaction of
[Cp*MoCl4] with LiBH4 at low temperature.9 Although the
objective of incorporating a Te atom into amolybdaborane cluster
was not achieved, an interesting cubane cluster has been generated.
We report herein the synthesis and structural characterization
of a novel metal-rich molybdaborane cluster, [(Cp*Mo)4B4H4-
(μ4-BH)3] (1), with a Mo4B4 distorted-cubane core.

The geometry of 1 can be viewed as a cubane made of four Mo
and four B atoms, and out of the six square faces of the cubane,
three of them are capped by BH units to build the [Cp*Mo)4-
B7H7] core (Figure 1).

10 The capping on the other three sites is
hindered by the metal�metal bonds. The X-ray diffraction
study of a single crystal of 1 shows that the Mo4B4 core is
highly distorted. Three Mo�Mo bond distances (Mo1�Mo3,
Mo2�Mo4, and Mo2�Mo3) are much shorter [2.6508(9)�

2.8475(10) Å] than the other three [3.1869(9)�3.2038(10) Å].
The longer Mo�Mo distances correspond to the absence of
intermolybdenum bonds. Among the three Mo�Mo bonds in 1,
two of them are significantly shorter (0.2 Å) than the corre-
sponding bond distances in other single- and double-cubane
clusters.11 Alternatively, the observed geometry of 1 can be
viewed as a tetracapped tetrahedron in which four Mo atoms
define a pseudo-tetrahedron. The triangular faces of this pseudo-
tetrahedron are capped by B1, B3, B4, and B6 atoms and three of
the six resulting square faces, Mo1�B1�Mo2�B3, Mo1�B3�
Mo4�B6, and Mo4�B4�Mo3�B6, being capped by B2, B7,
and B5 atoms, respectively. All of the Mo�B and B�B distances
are in the normal range like other molybdaborane clusters.12 This
localization of the Mo�Mo bonds renders the top four-mem-
bered ring of Mo2B2 and the bottom one twisted with respect to
each other by ca. 21�. In this way, the Mo3�B6�Mo1 bond
angle of the cube is distorted (69.71�). Interestingly, the top
and bottom four-membered rings of Mo2B2 are nearly planar
(dihedral angle 0.24�).

The spectroscopic data of 1 are fully consistent with the solid-
state structure. The IR spectrum of 1 features strong bands at 2490
and 2471 cm�1 due to terminal B�H stretches. The molecular
ion peak in the fast atom bombardment mass spectrometry
(FABMS) spectrum corresponds to [(Cp*Mo)4B4H4(μ4-BH)3]

Figure 1. Molecular structure of 1. Thermal ellipsoids are shown at the
40% probability level. Cp* are omitted for clarity. Selected bond lengths
(Å) and angles (deg): Mo1�Mo3 2.6599(10), Mo2�Mo4 2.6508(9),
Mo2�Mo3 2.8475(10), Mo1�B1 2.220(9), Mo1�B2 2.136(11),
Mo1�B3 2.309(10), Mo2�B2 2.1589(9); Mo3�B6�Mo1 69.71(11).
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showing the isotopic distribution for four Mo and seven B atoms.
Consistent with the X-ray results, the 11B NMR spectrum of 1
rationalizes the presence of seven B atoms in the ratio of 2:2:3.
The 11B{1H} NMR spectrum of 1 features one downfield
resonance at δ 131.5, accounting for two five-coordinated B
atoms, and the chemical shift at δ 94.4 has been assigned to four-
coordinated B atoms situated on the opposite face of the cubane.
The 1H NMR spectrum of 1 shows two different singlets for the
Cp* fragments each appearing at δ 2.14 and 1.58 in the ratio of
1:1. The presence of these peaks was further confirmed by 13C
NMR spectra.

Homometallic cubane clusters containing chalcogen elements
are well documented in the literature;13�15 however, up until
now, only two homometallic cubane clusters containing boron as
a main-group element are known in the literature16,17 (Chart 1).
Note that metal-rich molybdaboranes are very rare; all the
structurally characterized molybdaboranes reported previously
contain one or two metal atoms.18

Although the qualitative shape of cluster 1 is similar to those of
the other cubane-type clusters, listed in Table 1, the M�M bond
distances reveal changes in the cluster electronic structure
accompanying the addition and loss of electrons.19 Kennedy20

described [(CpNi)4B4H4]
16 and [(CpCo)4B4H4]

17 as 68- and
64-electron clusters with two and four metal�metal bonds.
Further, he suggested that the putative [(CpFe)4B4H4] cluster
with 60 electrons should exhibit a cubane structure with six
Fe�Fe bonds and a fully bonded metal tetrahedron. Interestingly,
metallaboranes I�III and [(Cp*Ru)3(μ3-CO)Co(CO)2B3H3]
(IV),21 which connect these clusters, have 60 cluster valence
electrons (cve 6) and six M�M bonds. A shortening of the M�M
bonds and high distortion of the Mo4 core from regular Td

symmetry are observed with deviation from the expected cluster
valence electron number (60 cve).22 Compound 1 has five
skeleton electron pairs (sep), two electrons fewer for the
structure based on a tetrahedron, whereas other heterometallic

cubane-type clusters, I�IV, contain six sep's, indicating that
structures are based on the tetrahedron geometry.

Usually, the lowernumberof valence electrons and thehighermetal
orbital energies of the group6Cp*Mfragments lead to theobservation
of electronic unsaturation in the cluster-bonding network.23,24 The
low-electron-count Cp*Mo fragment induces the borane fragments to
compensate by adopting a highly capped structure.

The electronic spectrum of compound 1 in the visible region
(measured in a CH2Cl2 solution) is shown in Figure 2. In essence,
there is a single absorption band at 239 nm (ε = 3500), with
indications of several weaker bands at lower energy. The pattern
of this spectrum is very similar to the homometallic metallabor-
ane cubane cluster, [(CpNi)4B4H4]. As shown in Table 2, the
higher intensity band at 239 nm has been blue-shifted by 45 nm
on going from [(CpNi)4B4H4] to compound 1. This may be due
to the presence of the {η-C5(CH3)5} ligand, which generally
produces a stronger ligand field than the {η-C5H5} ligand.

25 The
high-energy band at 239 nm may be attributed to the ligand
(B atoms in the cubane core) to metal charge-transfer (LMCT)

Chart 1. Homometallic Cubane-Type Metallaborane
Clusters

Table 1. Selected Structural Parameters of Homo- and Het-
erometallic Cubane-Type Clusters

clusters cve sep

avg d

(M�M)

no. of

M�M bonds ref

[(Cp)4Ni4B4H4] 68 10 2.35 2 16

[(Cp)4Co4B4H4] 64 8 2.47 4 17

1 58 5 2.71 3 this work

I 60 6 6 7

II 60 6 2.92 6 7

III 60 6 2.72 6 7

IV 60 6 2.74 6 21

Figure 2. UV�vis spectra of compound 1 in CH2Cl2 (10
�3 M).

Table 2. UV�Vis Spectra of 1 and Analogous Cubane
Clusters

compound

λmax, nm

(log ε) ref

[(CpNi)4B4H4] 543 (4.54), 423 (4.43), 335 (4.69), 284 (4.72) 16

[(CpNi)4B5H5] 548 (2.84), 365 (3.99), 302 (4.35), 257 (4.45) 16

1 440 (2.58), 367 (2.95), 315 (2.67), 239 (3.54) this work

[(Cp*Cr(μ-O)]4 596 28

[(MeCp)4Mo4S4] 520 6

Figure 3. Cyclic voltammetry of compound 1 in CH2Cl2/CH3CN
(8.5:1.5, v/v).
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transition, whereas the lower energy bands at 367 and 315 nm
may be assigned to the LMCT (capped B) transition.

In order to evaluate the redox properties, cyclic voltammetry
experiments of cluster 1 were carried out as shown in Figure 3.26

Cluster 1 underwent one quasi-reversible redox along with one
reversible redox process, which is a manifestation of the deloca-
lized nature of the metal electrons in the species. For a scan from
�1.6 to 0.6 V at 50 mV s�1, the 10/1+ couple is found at E1/2 =
0.16 V (Ea = 0.097 V and Ec = 0.213 V) and the difference in the
half-wave potentials for 10/1+ and 1+/12+ is 0.55 V.

In conclusion, cluster 1 is the first example of a novel class of
homometallic cuboidal metallaborane clusters having group 13
atoms (three BH units) as capping units. The electronic structure
and alternative interpretation of the electron counts of cluster 1
will be described in the full paper. Furthermore, the systematic
reactivity studies along with the full mechanistic details of this
new chemistry and that of the new metal-rich molybdaborane
with capped cubane geometry will be forthcoming.
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