Mechanistic Studies of Oxidation Reactions                                               based on Calorimetric Data
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Oxidations are frequently rather exothermal and the temperature of the reaction mixture is not easily controlled. The lack of temperature control may lead to the loss of selectivity. Micro-reactors allow for a thorough temperature control and appear therefore to be an interesting alternative to batch reactors [1]. In order to transfer a sulfoxidation reaction from a batch process to a continuously fed micro-reactor, the thermo-kinetic parameters and the mechanism of the reaction have to be determined. The oxidation of thioanisol by hydrogen peroxide in THF and acetic acid is followed by reaction calorimetry (RC1). The time-conversion data are obtained under pseudo-first order conditions for thioanisol (excess of hydrogen peroxide). The corresponding empirical rate laws show that in THF the reaction order of hydrogen peroxide is 2, whereas in acetic acid it is of 1.5, meaning that the reactions proceed via different mechanisms. 

In THF the following mechanism can be proposed: the dimerization of hydrogen peroxide molecules by H-bonds creates partial positive charges on two oxygen atoms. The nucleophilic attack on the activated oxygen by the electron doublet of the thioanisol sulfur atom is considered to be the rate determining step. The release of a water molecule produces the methyl phenyl sulfoxide. 
In acetic acid another mechanism is postulated: hydrogen peroxide in presence of acidic protons forms an equilibrium with the species HOOH2+, which has been postulated and discussed by several authors as a powerful oxidant for the oxidation of sulfides [2]. Then HOOH2+ could either oxidate the thioanisol, releasing water and H+, or could react with an H2O2 molecule to form water, O2, and H+. Despite this parallel degradation of H2O2, the sulfoxidation in acetic acid is substantially faster than the reaction in THF.
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