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Summary: Two new mixed-metal metallaborane clustersz-Cp* Scheme 1

RwlIrBsHg and Cp%RWwlrBsHs, were isolated from the reaction Che  _H cp
of an iridaborane with a ruthenaborane. The structures show Ru SR,
the former to hae an unusual nido eight-atom cluster shape H/ \H

with a low electron count and the latter to fathe expected
bicapped-octahedral geometry.

. .. 7/
The structural chemistry of metallaboranes containing group H 3 H “cp
8 or 9 metals with cyclopentadienyl or carbonyl ancillary ligands «cp, H o+

Ru -
is well understood in gener&t3 In contrast, an understanding \\( S
%A\ *

of the reactivity and mechanism is rudimentary even at the level
of stoichiometric relationshigsHence, our recent work has been
focused on this ar€BAs reactivity relationships are more easily
understood when the structural chemistry is well established,
tential source of novel cluster products. Historically, the reaction
of two different polyboranes has provided access to larger borane
structures: e.g., BHio.'® Hence, in a logical variant of our
d reactivity studies, we have now explored the reaction of an

we have concentrated on ruthena-, rhoda-, and iridaboranes.
iridaboranearachneCp*IrB3Hg (1), with a ruthenaboranajdo-

Studied to date have been reactions with the following: borane

and metal fragments (cluster expansion, metal fragment substi-
(Cp*RuH)B3sH7 (2), having the structures shown in Scheme 1.
A mutual reaction does take place, and the products isolated

tution, and ligand exchang®)® Lewis bases (addition, degrada-
tion, and substitution on metal or boron sit¢gnd alkynes
(insertion, hydroboration, and catalytic cyclotrimerizatiét)!
Consistent with the known organometallic chemistry, we fin

suggest that it is an addition reaction. The novel products also

possess structures that provide an interesting counterpoint to
the compositions and structures of known eight-atom clusters.
Reflux of an equimolar mixture df and2 in hexane for 14

the reactivity to be a sensitive function of metal identity even
h gave modest yields of two related produ@sand 4.4 The

for isoelectronic clusters with the same cluster shape and metal
ancillary ligands: e.g., alkyne insertion im@o-{Cp*RuH),BsH~

spectroscopic data show that each contains one Ir, two Ru, and
five B atoms. On the basis of the parent ion envelopes in the

vs catalytic alkyne cyclotrimerization byido{Cp*Rh),BzH;.12
mass spectra8 contains more H atoms thah The 'H NMR

An implication of this result is that the frontier orbital
of 3 reveals five terminal B-H protons in two broad resonances

<\=BH

character is strongly perturbed on a change in the metal identity.
We have yet to observe a self-reaction of a metallaborane: e.g.,
a bimolecular reaction of a monoiridaborane to give a diirid-
aborane cluster. However, if electronic structures of metallabo-
ranes containing two different metals do differ significantly, a
reaction between two different metallaboranes constitutes a po-

T University of Notre Dame.

# University of Botswana.

§ University of the Free State.

(1) Kennedy, J. DProg. Inorg. Chem1984 32, 519.
(2) Kennedy, J. DProg. Inorg. Chem1986 34, 211.

(3) Grimes, R. N. InMetal Interactions with Boron Clustersrimes,

R. N., Ed.; Plenum: New York, 1982; p 269.

(4) Grimes, R. N. Inlnorganometallic ChemistryFehlner, T. P., Ed.;

Plenum: New York, 1992; p 253.

(5) Fehiner, T. POrganometallics200Q 19, 2643.

(6) Lei, X.; Shang, M.; Fehlner, T. Rl. Am. Chem. Sod999 121,
1275.

(7) Lei, X.; Shang, M.; Fehlner, T. Ehem. Commurl999 933.

(8) Ghosh, S.; Noll, B. C.; Fehlner, T. Rngew. Chem., Int. EQ005
44, 2916.

(9) Lei, X.; Shang, M.; Fehlner, T. ®@rganometallic200Q 19, 5266.

(10) Yan, H.; Noll, B. C.; Fehlner, T. Rl. Am. Chem. So@005 127,
4831.

(11) Yan, H.; Beatty, A. M.; Fehlner, T. ®rganometallic2002 21,
5029.

(12) Yan, H.; Beatty, A. M.; Fehlner, T. Angew. Chem., Int. EQ001,
40, 4498.

10.1021/0m060213i CCC: $33.50

and three resonances in the metal hydride region corresponding
to four protons in the ratio 1:2:1. On the basis-48 decoupling
experiments, these are assigned to-Ru-Ru, Ru-H—B, and
Ir—H, respectively. Hence] is formulated as CpiirRu,BsHo.

(13) Huffman, J. C.; Moody, D. C.; Schaeffer, Rorg. Chem.1976
15, 227.

(14) A hexane solution of (Cp*Ruk#sH7 (68 mg, 0.132 mmol, in 20
mL) with Cp*IrBsHg (50 mg, 0.135 mmol) was refluxed for 14 h. Following
extraction with CHCIy, preparative TLC (20% C¥Cl, in hexane) yielded
a brown band of3 (20 mg, 17%) and a yellow band df (10 mg, 9%).
Repeated chromatography was required to sep&@dtem the closely
following band of (Cp*Ru)B4H10. Spectroscopic data are as follovis.
1B NMR (CgDg, 128 MHz, 22°C) 6 104.5 (br, 1B), 82.6 (br, 2B), 5.5 (d,
Jg-n = 118 Hz,{1H}, s, 2B);H NMR (CgDs, 400 MHz, 22°C) 6 11.67
(3H), 1.87 (15H), 1.80 (30H), 1.65 (2H);14.84 (Ru-H—Ru, 1H),—14.91
(Ru—H—-B, 2H), —17.20 (Ir-H, 1H); MS (FAB) m/z 859 (Mt — 4H). 4:
1B NMR (CgDg, 128 MHz, 22°C) 6 118.0 (br, 1B), 100.4 (br, 1B), 71.4
(d, Jg-n = 108 Hz,{*H}, s, 2B),—1.5 (d,Jg—n = 110 Hz,{*H}, s, 1B);
IH NMR (CgDg, 400 MHz, 22°C) br peaks spanning9.5-8.0, 1.92 (15H),
1.78 (30H); MS (FAB)m/z 859 (M").
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Scheme 2

& -4 A

Cp*3IrRu,BsHg

BgH12 Cp*2RuzBgH 2
The structure oB is not routine and presents an interesting
Figure 1. Molecular structure of CpfrRu,BsHs (3). Selected bond  problem in the context of known structures of eight-atom
distances (A): IrtB5 = 2.130(5), Irt-B2 = 2.147(5), Ir-B4 clusters. As shown at the top of Scheme&2xhibits a cluster

g'ﬂg(g)’ Igl_fss:_zz'zzézé%)’ ';”12;%15 = gﬁg(? S”;Si shape that can be derived from a tricapped trigonal prism by
_ 2.1562531 RL’%B4;2'295E5§‘ Blu—B3 =_1 f65(7())i31—uB4= removal of one five-connected vertex. Thus, it has a nido
1 75;3(6) B2B3 = 1 8i2(7) B3-B4 = 1 %75(6) 'B4AB5 = geometry but, with only 9 sep rather than the prescribed 10

1.826(7). sep, it is hypoelectronic: i.e., fewer valence electrons than
apparently are required by its geometric strucfdrds also
shown in Scheme 2, $Bl;,, a borane that does have 10 sep,
exhibits a geometry derived by removing two adjacent vertices
from a bicapped square antiprism. Hence, it has formal arachno
geometry and might also be classified as hypoelectronic. Most
classify it as nido on the basis of its electron count. The same
geometry is exhibited by the 10-sep ruthenaborane »Cp*
Rw,BeH12 and, hence, we have described it as “normawWhat

is the source of this behavior? Muetterffeaptly characterized
the eight-atom cluster as an “extraordinarily plastic aggregate”,
and it is probably the differing numbers of bridging hydrogens,
four for BgH1z, six for Cp%RwBgH12, and three foB, that lie
behind the differences in observed shapidsdeed, King has
demonstrated that, with four bridging hydrogensHB is

Figure 2. Molecular structure of CifrRu,BsHs (4). Selected bond

distances (A): B3 = 2.148(8), I-B4 = 2.071(7), I-B5 = topologically unable to adop_t the_ structur@cﬁ Further, cluster
2.120(7), RutB1 = 2.232(8), Ru+B2 = 2.089(10), Ru+B4 rearrangement on protonation is known in metal cluster chem-
= 2.103(7), Ru+B5 = 2.137(7), Ru2-B1 = 2.250(9), Ru2 B2 istry, although these are metal cluster isomers with proper
= 2.105(10), Ru2B3 = 2.158(9), Ru2B4 = 2.125(7), Bx-B2 electron counts3

= 1.718(15), B+ B3 = 1.724(12), B+-B5 = 1.720(12), B3-B5 The structural observations illustrate the richness of eight-
= 1.841(11). vertex cluster chemistry, but the most significant finding is the

apparent way in which different metals in metallaboranes
Compound4 showed no high-field proton resonances at all and generate complementary reaction partners. We know that both
is formulated as CptrRu,BsHs. Both can be derived fromthe 1 and 2 react readily with main-group and transition-metal
sum of the compositions of the starting clusters (£p* sources of electrophilic species, whereas ¢hhgacts readily
IrRuBeH 1) by formal loss of BH and three or five Higroups  with more basic species such as alkynes. Hence, we speculate
for 3 and4, respectively. As loss of Byiand H is a common  that it is this difference which leads to the reactivity observed.
feature of borane as well as metallaborane cluster chemistries A more precise explanation must await additional detailed work,
the reaction is most simply viewed as metallaborane combinationincluding the characterization of intermediate products.
followed by main-group-fragment loss. . .
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