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[ Abstract ] Oxidation mechanisms of trimethylphosphine (MesP) and a caged
trialkylphosphine (SMAP; silicon-constrained monodentate alkylphosphine) were elucidated
using density functional theory calculations. MesP is flammable in air, whereas SMAP is
air-stable. We discussed the difference of air-stability based on their oxidation mechanisms.
MesP reacts with oxygen and generates Me radical and Me2PO radical. Each radical species
forms a catalytic cycle capable of promoting a reaction between MesP and oxygen. In case of
SMAP, the caged structure is broken and a biradical is generated. The biradical is formed
since the caged structure connects two radical parts. A cage closure reaction proceeds from the
biradical intermediate, and the radical sites quickly disappear; this prevents the radical
catalytic cycles to occur efficiently. Therefore, we concluded that the caged structure prevents
the radical catalytic cycles and contributes to the high air-stability of SMAP. We hope that
these results will be a hint for synthesis of a new air-stable phosphine ligand.
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Fig. 2. Me radical catalytic cycle
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