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Synthesis and Characterization of Cp%RusBsHg, Cp* = 5°-CsMes, Exhibiting a Capped Nido Geometry.
Cluster Geometry Driven by Hydrogen Bridging
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In the cluster electron counting paradighiqyridging hydrogen Mo*?) have been prepared from [Cp*Mk and monoboranes.
atoms as well as interstitial atoms simply provide their valence In several cases, minor products containing one or three metal
electrons to cluster bonding and have no explicit role in atoms have been isolated. Thus, in the ruthenium system we
determining the polyhedral shape observed. However, when thereisolated the trinuclear ruthenaborane described below. It dem-
is more than one geometric isomer possible for a given number onstrates that bridging hydrogens can determine relative isomer
of skeletal electron pairs (sep), the steric and electronic demandsstabilities for a given sep even though more are required to tilt
of bridging hydrogens contribute substantially to the energetics the energetics than is found in the case of an all metal cluster
and may determine the isomeric form observed. At the time the such as HOs(CO),s.
electron counting rules were being developed, the distinctive role  The trinuclear ruthenaborane was isolated from the reaction
of bridging and “extra” skeletal hydrogens in cage bonding gave of [Cp*RuCly],, with [BH4]~.1® Spectroscopic characterization
rise to rules for their placemeft. Later, molecular orbital suggested the formulation CfRusB3Hs, 1,14 with sep= 7. With
calculations justified these empirical rutesThe situation for six cluster fragments, a closo octahedral cluster analogous to that
metal clusters is defined by the classic example of isomerization known for CRCo3B3Hs,*>16 Cp*3C0:B3Hs, 2,° and Cp%Rh,Co-
accompanying protonation of [{€O)g]?~.>¢ This dianion (CO)B3H4° comes to mind (Chart 1). However, the large
exhibits an octahedral structure in accord with its 7 sep whereaschemical shift range spanned by the boron resonances and the
H,Os(CO)g displays a capped square pyramidal structure also positioning of the five skeletal hydrogens are hard to accom-
consonant with 7 sep. The ability of the proton to stabilize modate with a closo structure.
structures with asymmetric charge distributions as well as the A solid-state structure determination bfjields the molecular
greater localization of charge in a hydrogen bridge bond have geometry shown in Figure 1 and schematically represented in
been suggested as important factors driving isomerizations suchChart 117 It consists of a 1,2,3Cp*Ru} 3B,H, square pyramid
as this oné. with the triruthenium face capped by the third BH fragment. Four

There are no unambiguous examples of similar behavior in
metallaborane chemistry although the skeletal hydrogens clearly(11) Ho, J.; Deck, K. J.; Nishihara, Y.; Shang, M.; Fehlner, TJPAm.
play a role in the observed structure of a borane-cappec 12) i?a??&@?,"éﬁggﬁaﬂgj l\];l(.);zgéhlner, T. B.Am. Chem. S0d.99§ 120
diferraborané. In principle a mixed cluster system offers the 2586.
advantages of a borane framework more robust than that of an(13) LiBH. (5 equiv) was added [Cp*Rug}h (0.40 g, 1.28 mmol) in 30 mL

all metal system and, at the same time, metal fragments with ~ ©f THF at—40°C. The red slurry turned into a red solution with gas
! ! formation on warming to room temperature. After 1 h, the THF was

frontier orbital populations that can be adjusted by variation in removed and the residue extracted with hexane and chromatographed.
metal and/or ancillary ligands. Reduction of the metal fragment After removal of the diruthenium compounds, elution with ether gives
contribution to cluster bonding below two electrons per metal a red orangd (40 mg, 12% based on the Ru).

. : (14) Spectroscopic data far MS (FAB), P" = 753, 3 B, 3 Ru atoms, calcd
creates a driving force for the framework to pick up extra for weighted average of isotopomers lying within the instrument

hydrogen atoms to meet the required sep. If observed, such a  resolution, 753.1635, obsd, 753.1617. NMRB (hexane, 22°C), &

response would permit the effects of these extra hydrogens on 123{3?; (1t|1_|r2]ts—lH = 1d40 Hgé{lg)} '95'119(’1))' 111:'1 gyl)s—;;%go 1HHZ{F_:E})
s, ; olueneds, —80°C), 9. r, 1H, BHy), 4. r, 1H, BHy),
structure to be measured. 2.40 (br, 1H, BH,), 2.07 (s, 15H, €Mes), 1.86 (s, 15H, Mes), 1.72

Recently we have begun to explore the synthesis of metall- (s, 15H, GMes), —3.52 (s, 1H, BH-B), —13.16 (s, 1H, RWMH-Ru),
aboranes containing the Cp*Ru, Cg*7°-CsMes, moiety which Elf_-ﬁg ng%{TH}BE_TU)' —d15§3200 ét;r,glsH‘{ng-SU)), —93%89@(?}' 1)H,
: ; u-r-Ru); olueneels, , 99. siVies), 90. 5IVI€s),
is a _formal three-orbital, one-electron fragment. The rouFe 12.08 (GMes), 11.91 (GMey). IR (hexane, crmi): 2608 m, sh, 2601 m,
constitutes one example of a general synthetic method by which sh, 2597 m (B-i. Anal. Calcd for GoHssBsRus: C, 48.08; H, 7.13.
dinuclear metallaboranes containing Cp*M évCo? Rh° Cr 1t Found: C, 48.31; H, 7.11.

(15) Pipal, J. R.; Grimes, R. Nnorg. Chem.1977, 16, 3255.
(16) Miller, V. R.; Weiss, R.; Grimes, R. NIl. Am. Chem. So0d.977, 99,

(1) Wade, K.Adv. Inorg. Chem. Radiochenl976 18, 1. 5646. B
(2) Mingos, D. M. P.; Wales, D. Jintroduction to Cluster Chemistry (17) Crystallographic data fdr. triclinic, P1, a= 8.4142(7) Ab = 11.0943-
Prentice Hall: New York, 1990. (16) A, c = 18.1697(19) A,a = 90.023(83, f = 95.992(8), y =
(3) Williams, R. E.Adv. Inorg. Chem. Radiochem 976 18, 67. 107.529(9), V = 1607.6(3) R, Z = 2, fw = 749.36,D, = 1.548 glcra.
(4) Porterfield, W. W.; Jones, M. E.; Wade, Korg. Chem199Q 29, 2923. Structure solution and refinement were performed on a PC by using the
(5) McPartlin, M.; Eady, C. R.; Johnson, B. F. G.; LewisChem. Commun. SHELXTL package (Sheldrick, G. M. Siemens Industrial Automation
1976 883. Inc.: Madison, WI, 1994). It was found that one of the Cp* groups was
(6) Eady, C. R.; Jackson, P. F.; Johnson, B. F. G.; Lewis, J.; Malatesta, C. disordered over two sites with occupancy coefficients 0.5. In the final
R.; McPartlin, M.; Nelson, W. J. Hl. Chem. Soc., Dalton Tran%98Q refinement hydrogen atoms for the two sets of disordered pentameth-
383. ylcyclopentadienyl groups were refined with an idealized riding model.
(7) Cavanaugh, M. A.; Fehlner, T. P.; Stramel, R.; O’Neill, M. E.; Wade, After all nonhydrogen atoms were refined anisotropically and hydrogen
K. Polyhedron1985 4, 687. atoms of Cp* groups refined isotrpically, difference Fourier synthesis
(8) Grebenik, P. D.; Green, M. L. H.; Kelland, M. A.; Leach, J. B, located the rest of the hydrogen atoms including the two disordered Ru
Mountford, P.Chem. Commuril99Q 1234. H—Ru bridging hydrogen atoms which were refined isotropically with
(9) Nishihara, Y.; Deck, K. J.; Shang, M.; Fehlner, T. P.; Haggerty, B. S.; bond length restraints. The refinement converged to a final value of R1
Rheingold, A. L.Organometallics1994 13, 4510. = 0.0386, wR2= 0.1083 for 5077 observed unique reflectiohs>(
(10) Lei, X.; Shang, M.; Fehlner, T. B. Am. Chem. S0d.998 120, 2686. 20(1)).
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the positions of the bridging hydrogens resulting from the structure
determination are in full accord with the low temperattteNMR
data.

Except for a shorter bridged RiRu distance on the open
square face (0.17 A), the structural metrics of theBRsquare
pyramid of 1 are similar to those of 7 semido-1,2,3-
{(COXRU} 3B,H6'® which has been structurally characterized as
a monophosphine derivativ&. The shorter distance is undoubt-
edly associated with the fact that the Race of1 is capped by
a BH fragment. CpjCo:B4H,, 3,%°21 (Chart 1) provides a rare
earlier example of a metallaborane which displays a BH fragment
capping a metal triangle.

The important comparison is betwegrand the isoelectronic
7 sep closo-1,2,3Cp*Co}3BsHs, 2,° and CRCoBsHs, 16 e,
three of the skeletal protons tfare found in the Co nuclei ¢t
Compound2 exhibits an octahedral cluster geometry which, in
contrast to HOs(CO)s, supports two skeletal hydrogen atoms

Figure 1. Molecular structure of CpRuBsHs. The Cp* ligands are
omitted for clarity. Selected bond distances (A) and angles (deg)—Rul

Ru3, 2.7761(6); RutRu2, 2.8055(6); Ru2RU3, 2.8424(5); Ru%B1, plus adjacent Cp*Co frggm.ents. The greater degree of robust
2.131(8): RUEB2, 2.174(6); RutB3, 2.083(4); Ru2B1, 2.269(8); homonuclear B-B bonding in octahedra?2 makes up for the
Ru2-B3, 2.126(5); Ru3B2, 2.295(7); Ru3B3, 2.151(5); B+B2, destabilizing effects of two bridging hydrogens. Howeverlin
1.874(11); Ru3-Rul—-Ru2, 61.225(15); B+Rul-B2, 51.6(3); B3- the steric and electronic demands of the three additional skeletal

Rul-B1, 99.8(2); B3-Rul-B2, 101.2(2); B3-Rul-Ru3, 50.11(13); hydrogens make the capped nido structure more favorable

B1-Rul-Ru3, 81.51(19); B2Rul-Ru3, 53.59(19); B3Ru2-B1, resumably because it supplies an open face to accommodate four
94.3(2); B3-Ru3-B2, 95.3(2); B3-Ru3-Rul, 47.98(12); RuB1- 2f ho hyd?;gens P P

Ru2, 79.2(2); RutB2—Ru3, 76.75(19); RuiB3—Ru2, 83.60(16);

Rul-B3—Ru3, 81.91(16); Ru2B3—Ru3, 83.29(16). As demonstrated previously in the characterization of unsatur-
ated? and highly condensed metallaborane structéirése ability
Chart 1 to tune the metal fragment frontier orbital properties over a

H’B/Ru si.gnific.ant range of energies and populations permits the ma-

nipulation of metallaborane skeletal structures. The result has

><‘ been to reveal an even richer structural and reaction chemistry

/ PiaN _H than initially expected. It is a chemistry based on the electron
Ru—H H counting rules but not fully anticipated by them.
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