Developments in Photocatalytic Hydrophosphination

Rory Waterman
Department of Chemistry, University of Vermont, Burlington, Vermont, USA,
rory.waterman@uvm.edu

Abstract: An important challenge for chemists is increasingly efficient routes to element—
carbon bonds, as characterized by energetic costs and atom economy, among other factors. An
atom-economical route to metal-catalyzed element—carbon bond formation is the addition of an
E-H bond across an unsaturated substrate, generally termed heterofunctionalization. For
hydrophosphination or P-C bond formation, challenges in substrate scope, selectivity, and
catalyst have loomed. Starting from poor initial hydrophosphination catalysis with zirconium
compounds of the type (NsN)ZrX (NsN = N(CH2CH2NSiMes)s>; X = anionic ligand), a family
of earth abundant, highly active, and selective catalysts have been discovered and investigated.
Surprisingly, photolysis is a critical factor in activity for these catalysts. The arc of catalysis
moves from zirconium to iron chemistry that informs most recent discoveries in simple copper
catalysts that may be the most active known. For example, bis(acetylacetonato)copper(ll) is an
active catalyst for the hydrophosphination of alkenes and alkynes with primary and secondary
phosphines. Under thermal conditions, the activity of Cu(acac). is comparable to some of the
best literature catalysts. However, under ambient temperature irradiation centered at 365 nm, the
conversions are remarkable with some reactions complete in minutes. The photocatalytic
conditions are critical, and comparison to literature catalysts has been made where Cu(acac): is
still superior in activity. Nevertheless, this simple, inexpensive catalyst is highly effective,
placing hydrophosphination in the hands of many more synthetic chemists.
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