Heterolytic Splitting of Sigma Bonds on Electrophilic Metal Centers
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Abstract:
The binding and heterolytic splitting of H–H, C–H, and other Y-H σ bonds on metal centers is crucial in many catalytic industrial and biochemical conversions.1  The accessibility of coordinatively unsaturated sites (cus) on electrophilic transition metal centers is key to such activation, i.e. [LnM(cus)]+ + YH –> [LnM(YH)]+ –> LnM(Y) + ​H+, where if Y = CH3, methane could be functionalized to methanol or other liquid fuels.  The reverse reaction, σ bond formation, can occur in hydrogenase enzymes, which contain organometallic dinuclear iron sites that catalyze production of H2 from protons, a potential route to hydrogen fuel.  A main goal of our work is to design strong metallo Lewis acids such as [MX(CO)xLy]+ (M = Fe, Ru, etc.) as inexpensive catalysts to generate hydrogen or methanol (from methane) for fuel cells or other use.  Such complexes could bind and split Y–H bonds by proton transfer to a cis (X) ligand, a key but not well-studied reaction for alkanes.  Electrophilic 16e fragments such as [M(CO)3{P(OCH2)3CMe}2]+ (M = Mn, Re) and [RuCl(diphosphonite)2]+ have been developed for σ-bond activation and feature tied-back phosphite ligands that cannot form competing intramolecular (agostic) C–H interactions.  Tetradentate diimine ligands with pendant weak donor arms have also been prepared and shown to activate σ bonds on cationic Pd/Pt centers, and may be useful for Fe and Ru systems such as [M(CO)(H2)(diimine)]+.  Such systems may be useful for generating H2, possibly by coupling to photochemical reactions. 
1G. J. Kubas, Metal-Dihydrogen and -Bond Complexes: Structure, Bonding, and Reactivity, Kluwer Academic/Plenum Publishers: New York, 2001. 
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