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Fine tuning of electronic properties in Pt-containing hydroformylation catalysts

Keywords: hydroformylation; reaction mechanism; NBO; electrostatic potential; olefin insertion
[image: ]The various electronic effects of ligands in the olefin insertion step of platinum-catalyzed hydroformylation has been investigated by means of density functional theory employing the PBEPBE functional in combination with the SMD solvation model. In order to get a deeper insight about the electronic effects which govern the rate and selectivity of the reaction the influence of the olefin substrate, de role of the phosphine ligands, as well as that of the trihalidostannate has been elucidated by simple model complexes and by their reactivity.
The electronic influence of the olefin substrate was modeled by computing the bonding energy of para-substituted styrenes with the Pt-hydride model compound, as well as the free energy of activation for the olefin insertion step, which is depicted in the following figure:
The impact of phosphines upon the ethylene insertion barrier has been studied by fine tuning their electron withdrawing properties. Moderately electron withdrawing substituents on phosphorous atoms result in a notably lower barrier in contrast to methyl or trifluoromethyl groups.
The role of the trihalostannate co-catalysts has been elucidated employing various quantum chemical tools such as Charge Decomposition Analysis (CDA), Atoms In Molecules (AIM), and Domain Averaged Fermi Holes (DAFH). In contrast to the previous assumption, the trichlorostannate ligand was found as moderate s-donor, and weak p-acceptor. For the electronic properties fairly strong dependence on the polarity of the solvent has been found emphasizing the importance of the inclusion of solvent effects in quantum chemical calculations on transition metal complexes.
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