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Synthesis and Structure of the Metallaborane
Cp*3(u-H)W 3BgHg from the Thermolysis of

Cp*H sWB4Hg (Cp* = 5°-CsMes). A Close-Packed
11-Atom Boron-Rich Cluster
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Notre Dame. Indiana 46556 example, has a tetra capped octahedral structure and constitutes

a 10-atom cluster with close-packed metdls.
An extension of our synthetic approach to tungsten resulted in
the isolation of a number of new compounds. In addition, these

" "
Elemental metals exhibit close-packed solid-state structures,.prOCGdures allow Cp*BWB,Hs, 1, @ compound previously

o X ;
whereas elemental boron, a near mét@atures interconnected isolated in 1% yield as the spectroscopically characterizgt-C

; - iPr derivative?® to be generated in good yield. Crystallographic
icosahedral cages. Meta[ t.)ond.es possess structures that "aNG8&haracterization df has confirmed the postulated structure shown
from metal lattices containing interstitial boron atoms at one

compositional extreme to boron cage networks containing metal in Chart 1. Sincel is well set up for the loss of fiwe have
; ) - . xplored it ndensation imple thermolysis. Larger boron-
atoms in voids at the oth@r.Similarly, metallaboranes exhibit explored its condensation by simple thermolysis. Larger boro

lecular cluster struct th interstitial b t ¢ tal rich tungstaboranes result in which the spatial arrangement of
molecular cluster structures with interstiial boron atoms for metal- 4o jyoron and metal atoms in one compound approximates a close-
rich compoundsand boron cages with one or more vertexes

. packed structure rather than a single borane cage. In effect, the
subrogated by metal fragments for boron-rich compoudntisor low Cp*W fragment electron count induces the borane fragments

some time we have had an interest in metallaboranes in WhIC.htO compensate by adopting a highly capped structure. Note that

the numbers of metal and boron atoms are more nearly equal intngstaboranes are rare; only four structurally characterized

the expectation that the competing structural tendencies of thetyngstaboranes have been reported previously, and all contain a

two elements might lead to unusual behavioAlthough ex- single metal atort—24

amples of such compounds are limited, for metals in groups 8 As summarized in Chart 1, the pyrolysis df® yields

and 9, normal borane cage-like behavior is obsehedtigit with Cp*,W,BsHs, 2, the analogue of CpM,BsHs (M = Cr, Mo)

some interesting exceptiofis'? (Chart 1) and a second compound that has been identified as
Recently, we have developed the syntheses of group 6 Cp*s(u-H)W3BgHs, 3, on the basis of its spectroscopic propeffies

metallaboranes based on the reactions of [Cp*sqM = Cr,14 and a solid-state structure determinati®n.The geometric

Mo,% and Cp*= 5-CsMes) with monoboranes and have isolated ~ structure of3 is shown in Figure 1 and Chart 2c where it is seen

a number of novel compounds. In two instances, the lower to consist of a CpjWs(u-H) triangle joined in a complex way to

number of valence electrons and the higher metal orbital energies8 BH fragments. All of the B-B, B—W, and W-W distances

of the group 6 Cp*M fragments relative to group 9 metals, for can be considered bonding, although two of the last are somewhat

example, lead to the observation of electronic unsaturation in the
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Figure 1. The molecular structure of Cpfu-H)W3BgHs, 3. Selected
bond distances (A): W(BB(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)yB(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).
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long (see below). The WW bridging hydrogen is found in the
structure determination, and its position is confirmed by*#é&/
satellites in théH NMR spectrum (a doublet)yy = 67 Hz, of
intensity 31% due to thé&®3W—H—W isotopomer (calcd abun-

dance 33%) plus the outer lines of a triplet of intensity 3% due

to the 183W—H—183V 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-
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possesses 146 cluster valence electrons (cve) consistent with its
11-atom close-packed structifeand therefore, a MEg cluster

of identical geometry should exhibit 66 c#&¥* In fact, 3 does
possess 66 cve, and its geometry is very similar to thdt &br
both 3 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) A below the plane of thesWiangle.)

The top layer o# 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 iB 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 structugérom
a single cage is the presence or absence, respectively, of bonding
between W(2) and W(1,'L Unfortunately, the W(2yW(1)
distance of 3.0597(6) A is ambiguous: it could be bonding or
nonbonding. FenskeHall calculation&’*8 on 3 reveal a sub-
stantial HOMGO-LUMO gap consistent with the cve count. More
importantly, MOs associated with thesW/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 @ orbitals pointed toward the center of the
W; triangle and an unoccupied antibonding partner is found at
—2.02 eV. Furthermore, the W(2W(1) Mulliken overlap
population is 0.08 which compares favorably with 0.13 for
Cp*sW,BsHg with dw_w = 2.8170(8) A. The calculations support
the description oB as a close-packed metallaborane.

Finally, we note tha8 is isoelectronic with a hypothetical Cp*
(H)W3Cs molecule which can be considered a ligated metal
analogue of a metallocarbohedrene or “met-8arThe 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 interé&tWe suggest that the factors
driving close-packing ir8 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.

Acknowledgment. The assistance of Mr. Donald Schifferl with the
NMR experiments as well as the generous support of the National Science
Foundation are gratefully acknowledged.

Supporting Information Available: Information on data collection
nd reduction and structure solution and refinement, tables of crystal-

aboranes with the expected 12 skeletal electron pairs (sep) as Wellographic parameters, atomic coordinates and equivalent isotropic tem-

as 11 sep are knowA¥3° If the W(1,1)—W(2) distances are

considered to be nonbonding,is a single cage; however, a

perature factors, bond distances and bond angles, and anisotropic
temperature factors foB (17 pages, print/PDF). An X-ray crystal-

comparison of parts 2a and ¢ of Chart 2 reveals a distinctively lographic file, in CIF format, for3 is available on the Web only. See

different geometry foB. In addition,3 can only have 7, 10, or
13 sep, depending on whether the Cp*W is considered-as-a

1-, or 3-electron donor to the cagfe®® These observations forced

a different analysis of the structure.
The 11-atom transition metal cluster [RH(CO)7%", 4,
exhibits a hexagonal close-packed metal core (Charf2).

(29) Adams, K. J.; McGrath, T. D.; Thomas, R. L.; Weller, A. S.; Welch,

A. J.J. Organomet. Cheni997, 527, 283.

(30) Fowkes, H.; Greenwood, N. N.; Kennedy, J. D.; Thornton-Pett].M.
Chem. Soc., Dalton Tran4986 517.

(31) Wade, K.Adv. Inorg. Chem. Radiochem 976 18, 1.

(32) Mingos, D. M. P.; Johnston, R. IStruct. Bondingl987, 68, 29.

(33) Albright, T. A.; Burdett, J. K.; Whangbo, H.-HDrbital Interactions
in Chemistry Wiley: New York, 1985.

any current masthead page for ordering information and Web access
instructions.

JA9811010

(34) Bailey, P. J.; Beswick, M. A.; Johnson, B. F. G.; Lewis, J.; Raithby,
P. R.; Ramirez de Arellano, M. Q. Chem. Soc., Dalton Tran$992 3159.

(35) Ciani, G.; Sironi, AJ. Organomet. Chen198Q 197, 233.

(36) Mingos, D. M. P. Innorganometallic ChemistpyFehiner, T. P., Ed.;
Plenum: New York, 1992; p 179.

(37) Fenske, R. FPure Appl. Chem1988 27, 61.

(38) Hall, M. B.; Fenske, R. Anorg. Chem.1972 11, 768.

(39) Cartier, S. F.; May, B. D.; Castleman, A. W., JrPhys. Cheni 996
100, 8175.

(40) Benard, M.; Rohmer, M.-M.; Poblet, J.-M.; Bo, Q. Phys. Chem.
1995 99, 16913.



