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Synthesis, Structure, and Phosphine-Induced Degradation of a Ruthenapentaborane Cluster with
a Sterically Demanding Hexamethylbenzene Ligand
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The reaction of [(n®-CgMeg)RUCl,], with excess BH; THF
produced a ruthenaborane cluster, arachno-[(n%-CzMeg)-
RuB4H;o] (1). Compound 1 underwent cluster degradation
through the action of PMe; to afford arachno-[(né8-
CeMeg)Ru(PMe;)B;H/] (2).

Metallaborane chemistry has rapidly developed in the last
decade.! Use of a pentamethylcyclopentadienyl (Cp*) ligand
brought new aspects onto this research area. It allowed high
yield syntheses and systematic understanding of metallaborane
clusters.2® In many cases, the cluster cores of metallaboranes
form through dehydrogenative condensation of B, species,
BH; THF or BH,~, in the presence of appropriate metal frag-
ments. In contrast to Cp* systems, reports on metallaborane
clusters with n®-arene ligands are rather limited.>” In particu-
lar, monoborane condensation has never been applied for the
syntheses of such compounds. n8-Arene ligands are electroni-
cally neutral unlike Cp*. Therefore, their incorporation can
give the cluster core higher electron density and different reac-
tivity. Moreover, since substituted arene ligands like hexa-
methylbenzene are sterically more demanding than Cp*, its
steric influence on the cluster geometry is of interest. We
report herein the syntheses and characterization of new hexa-
methylbenzene-coordinated ruthenaborane clusters.

When a hexamethylbenzene-coordinated Ru (I1) complex,
[(n8-C¢Mey)RUCI,], was treated with excess BH; THF, H, gas
evolved and a dark green solution was produced. Subsequent
workup afforded arachno-[(n8-CsMeg)RuB,H o] (1) as pale
orange crystals in 53% yield (Scheme 1).8 Compound 1 was
described previously by Greenwood and co-workers. In the lit-
erature, its synthesis was accomplished by the reaction between
[(n8-C¢Meg)RUCl,], and K[B,H,], and the structure was
deduced spectroscopically.® Cluster 1 is an arachno
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Figure 1. The structure of 1. Selected interatomic distances (A) and bond
angles (°): Ru-B(1) 2.108(8), Ru-B(2) 2.223(7), B(1)-B(2) 1.768(11), B(1)
~-B(1)' 1.79(2), B(1)-Ru--B(1)' 50.1(3), B(1)-Ru-B(2) 48.1(3), B(2)-Ru-B
(2) 88.2(3), Ru~-B(1)-B(2) 69.3(4), Ru-B(2)-B(1) 62.6(3), Ru-B(1)-B(1)
65.0(3); dihedral angle between Ru~B(1)-B(2) and Ru-B(1)-B(1) 127.7°.

ruthenapentaborane derivative of BgH,;, with the apical BH
group replaced by the [(n5-CsMeg)RU] fragment which is
isolobal with BH. Similar skeletal structures are found in group
9 metallaboranes, arachno-[Cp*CoB,H,,] and arachno-
[Cp*1rB4H,g], whose metal fragments are isoelectronic with
[(n®-CgMeg)RU] in 1.45

An X-ray diffraction study clearly showed the arachno
skeletal structure of 1 (Figure 1).° In the basal plane composed
of four boron atoms, no boron-boron bond exists between B(2)
and B(2)', giving an open edge. The molecule has a crystallo-
graphic mirror plane passing through Ru, H(11), and the center
of the six-membered ring of the n8-CMe; ligand. The hydro-
gen atom bridging Ru and B(2), H(Ru), isfound with 0.5 occu-
pancy. The Ru—B(1) and Ru-B(2) bond distances (2.108(8)
and 2.223(7) A, respectively) fall within the range of reported
Ru-B bond lengths in ruthenaborane clusters (2.02-2.25 A).237

The "B NMR spectrum of 1 shows a doublet and a triplet
in 1:1 intensity ratio at —0.1 and —8.0 ppm, respectively, despite
the fact that the static structure supports four boron atom envi-
ronments. This indicates rapid migration of the H(Ru) atom
between the Ru-B(2) and Ru-B(2)' edges (Scheme 2). On low-
ering the solution temperature, the two B signals collapsed
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Figure 2. The structure of 2. Selected interatomic distances (A) and
bond angles (°): Ru-P 2.265(1), Ru-B(1) 2.200(6), Ru-B(2) 2.137(5), Ru-
B(3) 2.195(5), B(1)-B(2) 1.833(11), B(2)-B(3) 1.783(11); B(1)-Ru-B(2) 5
0.0(3), B(2)-Ru-B(3) 48.6(3), B(1)-Ru-B(3) 90.8(3), Ru-B(1)-B(2) 63.2
(3), B(1)-B(2)-Ru 66.8(2), Ru~B(3)-B(2), 64.0(2), Ru-B(2)-B(3) 67.4(3);
dihedral angle between Ru-B(1)-B(2) and Ru-B(2)-B(3) 139.8°.

into the base line with broadening. The collapse and broaden-
ing were more pronounced for the resonance of B(2) and B(2)'
atoms, to which the H(Ru) atom is directly bound. It disap-
peared completely at —60 °C although the decoalesced signals
were not observed even at —-90 °C. The Ru-H-B proton res-
onates at —10.62 ppm as a broad signal coupled with boron in
IH NMR.

In the formation of Cp*-coordinated ruthenaboranes from
[Cp*RuCl], and BH5 THF, clusters containing two metal frag-
ments, nido-[{ Cp*Ru(u-H)} ,BsH;] and nido-[(Cp* Ru),(p-H)-
B,Hg] are produced.?® In the related Co system, the interaction
of [Cp*CoCl], with BH;- THF affords arachno-[Cp* CoB,H,]
(isoelectronic with 1), and a dimetalla derivative nido-
[(Cp* Co)(u-H){ (n*-CsMesH)Co} BsH,] as well.# The exclu-
sive formation of a monometallaborane 1 is attributable to the
bulkiness of the n8-C¢Me; ligand. Thus, the use of a sterically
demanding hexamethylbenzene ligand could give the formation
of metallaborane clusters selectivity.

Because of the Lewis acidic character of metallaboranes,
their interaction with Lewis bases is of interest.1%11 Compound
1 reacted with two equivalents of PMe; to result in the degrada-
tion of the cluster framework, thereby liberating BH5;-PMe;, and
the formation of the ruthenatetraborane derivative 2 (see
Scheme 1).2 An ORTEP diagram of 2 is shown in Figure 2.13
The B;H;, “borallyl” ligand coordinates to the ruthenium atom
to form a butterfly-like framework, in which ruthenium occu-
pies the hinge position. On the other hand, in Greenwood's
cluster [{(n8-C¢Mez)RUCI} B;H], the ruthenium atom is locat-
ed a the wing-tip.° The n8-CyMe; ligand is situated at the exo
position with respect to the butterfly framework of the RuB4
core.

Phosphine-induced formation of 2 shows a pattern of reac-
tion different to related compounds. The parent borane of 1,
BsH,, isreadily cleaved through the action of three equivalents
of PMe; to give a more open cluster, hypho-B,Hg-2PMe; and
BH;-PMe,. 4 Addition of excess PMe; to 2 did not lead to fur-
ther incorporation of PMe; into the cluster core. Note that the
reaction of nido-[{ Cp* Ru(u-H)},BsH;] with PMe; affords
[(Cp*Ru),(PMey)(u-H)(p-n*-B,Hs5)].2 This reaction is also dif-
ferent from the cleavage of its parent compound BsHg with

1007

PMe;, which gives B;Hs-3PMe; and B,H,-2PMe; through the
1:2 adduct, hypho-BsHg-2PMe, 15
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