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Abstract:
Stoichiometric reactions of the general type shown below usually do not occur at any useful rate when YO and X are closed-shell (e.g., octet-rule) compounds, irrespective of the fact that some of them have high driving force: 
	YO + X  Y XO

{YO, X} pairs 

{Pyridine N-oxides, Phosphines}

{tert-BuOOH, Phosphines}

{Organic sulfoxides, Phosphines}

{tert-BuOOH, Sulfides}

{Organic sulfoxide, Sulfide'}
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Participants in the Ames Laboratory's program in Heteroatom Catalysis have 

a)
designed a family of related oxorhenium(V) catalysts (see the representative structure above),

b)
carried out extensive kinetic studies

c)
detected some important intermediates

d)
found, in the course of fundamental studies, that it is possible to oxidize 4,6-dimethyl-dibenzothiophene. It is the last remaining organic sulfide in petroleum; it cannot be removed by HDS processing; it fouls catalytic converters, resulting in NOx. Once oxidized, 4,6-dimethyl-dibenzothiophene dioxide precipitates from toluene.

This presentation will focus on (1) certain design features (a square-pyramidal structure enforced by multiple bonding to the oxo group, a site for substrate entry at a "vacant" coordination position trans to the oxo group; a robust catalyst from the chelating dithiolate; a methyl group to avoid an ionic charge in solvents of low dielectric constant; a semi-labile ligand, phosphine here); (2) the reactions that can be attained quickly at low concentrations of the catalyst; (3) kinetics, substituent effects, etc., to reveal the basic chemical steps in the mechanism; (4) cycling between oxorhenium(V) and dioxorhenium(VII) forms of the catalyst; (5) certain resemblances to oxotransferase enzymes (e.g., nitrate reductase, dmso reductase; sulfite oxidase).

