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We have previously shown that a variety of late transition metal
complexes can be used to catalyze the reactions of polyboranes
with olefins and acetylenes to yield alkyl or alkenyl-substituted
products.1 Recently, however, early transition metal complexes
have also been found to catalyze olefin and acetylene hydrobo-
rations with monoboranes such as catecholborane (HBcat) or
pinacolborane.2 For example, Hartwig has recently reported2a that
Cp2Ti(CO)2 catalyzes the hydroboration reactions of HBcat with
acetylenes, while Cp2TiMe2 is an effective catalyst in reactions
of HBcat with olefins. These reports suggested that early metal
metallocene catalysts might also be useful for reactions involving
polyboranes with the possibility of new types of activities and
selectivities. We report in this communication our discovery of
a titanium-catalyzed reaction that has allowed the systematic, high-
yield syntheses of monoalkyldecaboranes.

We previously reported3 that either chloroplatinic acid or
platinum dibromide catalyze decaborane-olefin hydroboration to
give dialkyldecaboranes, 6,9-(RC2H4)2B10H12, in high yields. In
contrast, we have now found that decaborane-olefin hydrobo-
ration reactions employing catalytic amounts of Cp2Ti(CO)2 yield
exclusivelymonoalkyldecaboranes, 6-(RC2H4)B10H13. Analysis
of reaction mixtures with GC/MS revealed that, even with more
forcing conditions and longer reaction times, no dialkyl products
are formed.

Gaines4 has recently reported multistep synthetic routes to
monoalkyldecaboranes, but the titanium-catalyzed reactions are
a significant improvement, since they provide simple, high-yield,
one-step routes to such compounds directly from decaborane.
Reactions are typically carried out without solvent at 80-90 °C,
in an excess of olefin and∼5 mol % catalyst, and give greater
than 90% isolated yields. The catalyst is also active for long

periods. For example,11B NMR analysis of an experiment where
∼10 mmol samples of decaborane were added ca. every 2 days
(total decaborane added, 7.11 g, 58.2 mmol) to a reaction mixture
containing 0.24 mmol of Cp2Ti(CO)2 (0.41 mol %) and an excess
of 1-octene (39.0 mL, 249 mmol) showed no decrease in the rate
of formation of alkyl product over 12 days. Workup of this
reaction at completion required only flash filtering the solution
through a silica gel column and vacuum evaporization of the
volatiles to give a 90.5% isolated yield (12.4 g, 52.7 mmol) of
6-octyldecaborane.

Perhaps of most interest, it was found that the titanium-
catalyzed reactions of decaborane with nonconjugated diolefins,
such as 1,5-hexadiene, give, depending upon reaction conditions
and stoichiometries, high yields of either alkenyl-substituted (88%)
or linked-cage products (92%).

A single-crystal X-ray study5 of 6,6′-(CH2)6(B10H13)2 has
confirmed the linked-cage structure shown in the ORTEP
representation in Figure 1 in which the two decaborane cages
are joined by the 6-carbon chain that is attached to the 6-boron
vertex on each cage. As can be seen in Figure 1, the two
independent molecules in the unit cell differ only in the
conformation of the linking chain.
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Figure 1. ORTEP representation of the structure of 6,6′-(CH2)6(B10H13)2.
The two independent molecules in the unit cell are shown. Selected bond
lengths (Å), top structure: B5-B6, 1.802 (4); B6-B7, 1.794 (4); B7-
B8, 1.992 (4); B8-B9, 1.778 (5); B9-B10, 1.781 (5); B6-C11, 1.570
(3); C11-C12, 1.535 (3); C12-C13, 1.520 (3); C13-C13, 1.514 (5).
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As illustrated by the reactions in eqs 3 and 4, the titanium-
catalyzed reactions provide simple, efficient entries into two new
important classes of polyborane clusters. The polymerization
reactions of the olefin-substituted compounds, such as 6-(H2Cd
CH(CH2)4)B10H13, are now being investigated as a route to new
types of decaborane-polyolefin polymers, while the linked-cage
compounds, such as 6,6′-(CH2)6(B10H13)2, are being explored as
the starting materials for the construction of new types of chelating
polyborane ligands, including linked-cage carboranes and het-
eroatom boranes, that are needed for the construction of multicage
metallaborane or metallacarborane arrays.

The titanium- and platinum-catalyzed reactions are comple-
mentary and now give systematic, high-yield, one-step routes to
mono- and dialkyldecaboranes, respectively. As shown in eq 5,
the sequential use of Cp2Ti(CO)2 and PtBr2 catalysts provides
the first general route to asymmetrical dialkyldecaboranes:

For example, the reaction of a sample of the 6-octyldecaborane,
prepared with the titanium-catalyzed reaction described above,

with excess allylbenzene and 3.5 mol % platinum dibromide for
4 h gave a 97% isolated yield of 6-(C8H17)-9-(PhC3H6)B10H12

product.
The mechanism of catalytic action, as well as why only

monosubstituted products are obtained in the titanium-catalyzed
reaction, while dialkyl products predominate in the platinum
reactions, is yet to be determined. Hartwig’s earlier studies of
the titanium-catalyzed reactions of catecholborane showed that
the formation of Cp2Ti-HBcat acid-baseσ adducts, where there
is electron donation from the titanium fragment to the boron-
centered LUMO orbital on the catecholborane borane, might be
important.2b,c Similar types of Cp2Ti-B10H14 adducts involving
electron donation to the acidic 6-boron atom of decaborane may
also be important in the decaborane-olefin reactions, and, indeed,
the fact that monoalkyldecaboranes have reduced Lewis acidities
compared to the parent B10H14

6 could explain why they are not
converted to the dialkyl products in the titanium reactions. Further
studies of both the mechanism and applications of titanium-
catalyzed polyborane reactions are in progress.
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(6) For example, unlike the parent B10H14, the monoalkyldecaboranes do
not form adducts with bases, such as diethyl sulfide or acetonitrile.
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