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Early-transition-metal hydrogenation catalysts have received less attention than comparable
late-transition-metal systems, particularly since the discovery of Wilkinson’s catalyst. This
emphasis on late-transition-metal systems has been largely driven by practical concerns
including functional-group tolerance and ease of handling. Further examination of early-
transition-metal systems is particularly attractive from two viewpoints: 1) the identification
and elucidation of unusual mechanisms of dihydrogen activation and 2) the application of the
intrinsic properties of early transition metals, in particular high-valent complexes, to the
selective hydrogenation of alkynes to Z alkenes. This transformation is typically
accomplished by Lindlar’s catalyst, and is practically difficult to employ and suffers,
particularly in the case of conjugated aromatic systems, from E/Z isomerization and over-
hydrogenation.

This presentation describes the recent results of two attempts to develop new
chemistry with early transition metals from group 5. First, the discovery of a Nb(III)-mediated
catalytic hydrogenation of internal alkynes to Z-alkenes is reported. The mechanistic proposal
involves initial reduction of the alkyne by the Nb(III) complex (BDI)Nb(N'Bu)(CO), to
provide a Nb(V) metallacyclopropene, itself capable of o-bond metathesis reactivity with H,.
The resulting alkenyl hydride species then undergoes reductive elimination to provide the Z-
alkene product and regenerate a metal complex in the Nb(III) oxidation state. Support for the
proposed mechanism is derived from i) the dependence of product selectivity on the relative
concentrations of CO and Ha, ii) the isolation of complexes closely related to those proposed
to lie on the catalytic cycle, iii) H/D crossover experiments, and iv) DFT studies on multiple

possible reaction pathways.
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Second, we report the synthesis of the cationic vanadium bisimido complex
[V(NtBu)2(PMe3)3][Al-(PFTB)4] and its application to the selective catalytic hydrogenation

of alkynes to Z alkenes.
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