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Our goal is to create highly selective and active catalysts for the oxidation of organic substrates with molecular oxygen. This will promote the environmentally responsible synthesis of fine chemicals by improving atom economy and reducing waste in one of the fastest growing areas of the chemical industry. We synthesize high oxidation state organometallic complexes with oxo, nitrido, or sulfido ligands that also have open coordination sites for the binding of substrates. We examine reactions between the organometallic species and oxidizable organic molecules and we probe the mechanisms of these interactions.

For applications in the synthesis of pharmaceuticals and other fine chemicals, it is essential that an oxidation catalyst be highly selective. We have succeeded in preparing several chiral-at-metal complexes that contain chiral phosphine ligands and studies on their stereoselectivity in oxidation reactions are underway.  We are also examining complexes of readily available chiral amines, such as quinine.  Because the amine ligands are more labile than phosphine ligands, we should be able to convert the precursors [BF4][Os(N)(CH2SiMe3)Ph(L*)2] into a variety of heterometallic complexes and have a more general method for the synthesis of asymmetric oxidation catalysts.

We have completed the synthesis and characterization of the series of heterometallic complexes {M(dppe)}(:3-S)2{Ru(N)Me2}2  where M= Pt, Pd, Ni. Unlike {Pt(dppe)}(:3-S)2{Ru(N)Me2}2, {Ni(dppe)}(:3-S)2{Ru(N)Me2}2 has a close Ru-Ni interaction indicating a weak, dative bond between those metals. The three heterometallic complexes are similar in their ability to oxidize benzyl alcohol with molecular oxygen but the nickel-substituted complex is slightly more active than the palladium and platinum analogs. The product distribution and reaction rates for the oxidation of benzyl alcohol in toluene are similar to those oxidations in the more environmentally friendly solvent, supercritical carbon dioxide.

