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The myriad ways in which boron hydrides and transition metal

hydrides can be used to manipulate organic substrates, for example,

hydroboratio and hydrometalatiohmake them valuable reagents
for chemical transformations. A natural question concerns how
B—H and M—H moieties would behave if it were possible for them
to act in concert as an integral part of a single reagent? Metall-
aboranes containing both-B4 and M—H sites provide a vehicle
for answering this question experimentally; however, until recently,
the vast majority of metallaboranes known incorporated ontyB
terminal and B-H—M bridge hydrogens:”

With the development of the reaction of monocyclopentadienyl-

metal halides with monoboranes as a route to metallaboranes of

groups 5-9, metallaboranes, which contain earlier metals plus the
extra metal hydrides needed to satisfy the cluster skeletal electron
pair (sep) count for the geometry adopféhecame accessible.

For example, square pyramidal, 7 sep 2-Cp*¥BkHs, Cp* = #°-
CsMes,12analogous to 2-Cp*CofBlg,'2 and square pyramidal, 7
sep 1,2-(Cp*RuHB3zH;, 1,*415analogous to 1,2-(Cp*Rk33H-,16

are “hydrogen-rich” clusters with additional hydrogen atoms
associated with the metal atoms. Unimolecular decomposition of
hydrogen-rich metallaboranes gives rise to hypoelectronic metall-
aboraned?18 The work described below concerns bimolecular
reactions of the diruthenapentaborane.

We have already reported that reaction of (Cp*aH; with
terminal or internal alkynes leads to catalytic cyclotrimerization,
whereasl reacts with internal alkynes to undergo kinetically
controlled insertion chemistry yielding metallacarboranes of new
typest®19 As described below, terminal alkynes permit a reaction
pathway in which cluster edge-bridging alkylidenes are produced.
To demonstrate the impressive capabilities of a hydridic, oxyphilic

example of methyl acetylene monocarboxylate.

The reaction ofl with HC=CC(O)OMe at room temperature
leads to two primary products. The first médo-1,2-(Cp*RuH}-
5-C(O)OMe-4,5-GB,Hs resulting from insertion of the alkyne and
loss of [BH].16 This path is also observed for internal alkyAgs.
The secondnido-1,3u-Me{ C(O)OMg C-1,2-(Cp*Ru)BsH7, 2, in
which the alkyne has been converted inte-alkylidene, is unique
to terminal alkynes. This compound exists as a pair of isomers,
2a, 2b, and the structure dfb is shown in Figure 1. Isomé&ahas
the positions of the substituents on thealkylidene carbon atom
reversed as shown in Schemé&°IThe two hydrogen atoms that
generate a-—CHz group from=CH most likely arise from one
terminal BH and one bridging RuHRu. Hence, we view the
formation of2 as arising from hydroboration followed by hydroru-
thenatiod! or the reverse. The regiochemistry of the alkyne
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Figure 1. Framework of2b (Cp* omitted); Ru-red, B-green, H-blue,
C-black, O-purple.
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reduction is predominantly Markovnikoff; however, a small amount
of the anti-Markovnikoff product has been isolated and character-
ized. Phenyl acetylene generateg-alkylidene as well, showing
an activated alkyne is not necessary.

Compound 2 is novel. We are unaware of any previous

metallaborane in transforming an organic substrate, we present thecharacterization of compounds containing metal-borealky-

lidenes, although a MM bridging CR, fragment is a common
feature in transition metal organometallic chemistiiyhere is one
example of a carbenoid moiety bridging a—B bond of a
carborane; however, in this case, thé GR, moiety is contributing
a single orbital to the three-center bridge b&AdNote that the
formation of2 takes place on the cluster frameworklofvithout
any net change in sep. Compouhds a 7 sep nido diruthenapen-
taborane, and, as a two electragralkylidene replaces two one
electron hydrogen atom&,is also a 7 sep nido diruthenapentabo-
rane.

Heating2a or 2b leads to rearrangement into a single product,
arachne2,3,u(C)-5-7%0)-Me{ C(O)OMg C-1,2-(Cp*Ru)BsH7, 3,
in high yield (Figure 2, Scheme 2). The carbonyl oxygen has
coordinated to a boron atom and opened a basal BHB edg@e of
The pair of electrons contributed by the oxygen atom increases the
sep to 8 consistent with the observed structure. Coordination results
in the G=0 distance increasing0.1 A and»(C=0) decreasing
~150 cnrl. The conversion o2b is much more facilet(, = 10
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Figure 3. Framework o# (Cp* omitted); Ru-red, B-green, H-blue, C-black,

Figure 2. Framework of3 (Cp* omitted); Ru-red, B-green, H-blue, C-black, ~ O-purple.

O-purple. . . L . .
temperature is raised. A complete description of this chemistry and

Scheme 2 that of less activated alkynes will be presented in the full paper.
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