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We have shown that the 42 cluster valence electron (cve)
dimetallaborane cluster, Cp*2Cr2B4H8, (1), Cp* ) η5-C5Me5,
is electronically unsaturated based on its observed core geometry
(Chart 1a).1 However, the unsaturation introduced by the Cp*Cr
fragments is delocalized over the cluster framework rather
than localized in a Cr-Cr multiple bond. As expected, this
molecule reacts with species possessing Lewis basicity, e.g.,
with CO to produce Cp*2Cr2(CO)2B4H6

2 and with CS2 to
produce Cp*2Cr2B4H6S2CH2.3 We have now explored the
reaction of1 with a low-valent, later transition metal center
and show that1 behaves as a complex 4-electron ligand in
coordinating a Fe(CO)3 fragment to yield an unusual mixed
metal metallaborane.4-8

Treatment of1with Fe2(CO)9 at 50°C results in the formation
of a dark brown compound Cp*2Cr2B4H8Fe(CO)3 (2) in
quantitative yield by NMR.9 The mass spectrometric data
suggest that2 is a simple Fe(CO)3 adduct of 1. At low
temperature the11B NMR spectrum of2 shows four inequivalent
boron sites and the1H NMR spectrum shows two types of
terminal protons (broad overlapping signals), a single Cp*
methyl resonance, and two types of M-H-B bridging protons.
Terminal BH and CO stretching frequencies are observed in
the IR spectrum and the presence of the latter is confirmed by
the 13C NMR spectrum. These data suggest that the Fe(CO)3

fragment is asymmetrically bound to1.
The solid-state structure of2 is shown in Figure 1 and is

consistent with the solution data.10 The Fe(CO)3 fragment is
attached to1 by two Cr-Fe bonds and twoµ3-Cr-Fe-B
bridging hydrogens. The metal-metal distances are consistent
with single bonds; however, the Cr-Cr distance is significantly
shorter than that in1 (2.870(2) Å) whereas the Cr-B(1-4) and
B(1)-B(4) distances are longer. Note that2 retains the other
two µ2-Cr-H-B bridging hydrogens of1.

Compound2 exhibits dynamic behavior in the NMR. As
the temperature is raised the signals atδ -8.0 and-16.2 in
the 1H spectrum disappear into the baseline at 22°C before
coalescing at 50°C into a single peak atδ -11.9. Near 22°C,
the broad signals atδ 129.5 and 105.8 in the11B NMR coalesce
into one atδ 117.5 while those atδ 46.0 and 4.1 ppm coalesce
into one atδ 27.3. The free energy of activation derived from
either the1H or 11B NMR studies is 51 kJ mol-1 and suggests
a single fluxional process. This process must be one in which
the Fe(CO)3 fragment retains its connection with the two Cr
atoms and swings between the two BH3 moieties of1 thereby
pairwise averaging the four boron signals and averaging the
two M-H-B proton signals.
As Fe(CO)3 is isolobal to BH,2 is formally related to the 46

cve Cp′2Mo2B5H9, Cp′ ) η5-C5H4Me,11 which is viewed as
saturated with a Mo2B3H3 trigonal-bipyramidal core face-capped
by two BH3 fragments (Chart 1b). Thus,2, as an analog to
Cp2Mo2B5H9, has 56 cve and obeys the electron counting
rules.12-15 Although this is a perfectly valid viewpoint,2 and
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Figure 1. Molecular Structure of Cp*2Cr2B4H8Fe(CO)3, 2. Selected
bond distances (Å) and angles (deg): Fe-Cr(1) ) 2.746(1),
Fe-Cr(2)) 2.740(1), Fe-B(1) ) 2.181(8), Cr(1)-Cr(2)) 2.710(1),
Cr(1)-B(1) ) 2.250(8), Cr(1)-B(2) ) 2.090(7), Cr(1)-B(3) )
2.093(7), Cr(1)-B(4) ) 2.178(8), Fe-H(2) ) 1.58(7), Fe-H(3) )
1.65(7), Cr(1)-H(2) ) 1.89(6), Cr(1)-H(7) ) 1.69(6), B(1)-H(2) )
1.34(7), B(1)-H(3) ) 1.24(7), B(3)-B(2)-B(1) ) 127.3(6),
B(2)-B(3)-B(4) ) 119.4(6).
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Cp′2Mo2B5H9 differ significantly. That is, the Cp*2Cr2B4H8

fragment in2 retains the qualitative shape of1 including the
positions of the bridging hydrogen atoms and the fluxional
behavior of2 also distinguishes it from the Mo compound. Thus,
an alternate view of2 as a Cp*2Cr2B4H8 ligand coordinated to
a Fe(CO)3 fragment is considered.
The spectroscopic signature of the carbonyl ligands on iron

supports an analysis of2 as a complex coordination compound.
The IR stretching frequencies are≈100 cm-1 below those of
any neutral ferraborane16-18 or a metallacarborane containing
both CpCo and Fe(CO)3 fragments.19 The frequency range is
similar to that found for Fe(CO)3{P(OPh)3}2 or ferraborane
monoanions. The IR data suggest a buildup of charge on Fe
which is corroborated by the low-field chemical shift of the
13C NMR resonance for the CO ligands.
Fenske-Hall molecular orbital (MO) calculations pro-

vide additional justification for this view.20,21 The distortion
in the geometry of1 on coordination, principally the longer
B(1)-B(4) distance and the shorter Cr-Cr distance, results in
stabilization of the LUMO and destabilization of the HOMO
so that they become nearly degenerate. These two orbitals have
the appropriate symmetry to participate in bonding interactions
with the half-occupiedπ symmetry orbitals of the Fe(CO)3

fragment. The emptyσ orbital of the Fe(CO)3 fragment interacts
with a lower-lying, filled B-H-Cr orbital generating a bonding,
donor-acceptor interaction in which the BH2 group of1 acts
in the manner of a bidentate borohydride ligand (Chart 2a)22 or

an electron-rich neutral borane.23-25 The Fe center satisfies the
18-electron rule and coordinated1 satisfies the cluster electron
counting rules (44 cve). The fluxional behavior of2 involves
alternating chelating interactions between the Fe atom and the
two BH3 groups of1 which are equivalent in the free ligand
(Chart 2b). This behavior is reminiscent of that observed for
the chelating [η2-nido-C2B9H12]- ligand.26

The view of 2 as a Fe(CO)3 fragment coordinated by a
chelating chromaborane cluster reveals the presence of both
Lewis acidic sites and hydridic sites on1 and connects this
reaction to that of1with CS2. In the latter case, the hydride is
transferred completely to carbon and a coordinated H2CS2 ligand
is observed. A complete analysis of this system, including the
isoelectronic cobalt analog of2, will be forthcoming.
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