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Homogeneous catalysis has long been focusing on reduction
and substation reactions such as hydrogenation, cross coupling,
Ziegler-Natta polymerization, or olefin metathesis. This focus
has been a key trigger for the evolution of new and powerful
ligands, especially amines, phosphines, aromatics and related
systems. These ligands are generally incompatible with the
oxidative conditions that are inherent to tackle pressing
energy-relevant transformations such as CO2 transformation,
water oxidation as key step of artificial photosynthesis, or for
oxidative C–H functionalization. Hence, new ligands are
required that withstand these harsher conditions.
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To address this need, we have developed different ligand sacffolds, in particular triazolylidenes
as powerful and synthetically versatile subclass of N-heterocyclic carbenes, and PYAs,
sometimes referred to as N-heterocyclic imines, which are remarkably robust under highly
oxidative conditions, and which impart high catalytic activity to coordinated metal centers.
Here, we will briefly discuss general features of these new ligands and demonstrate with case
studies their application in oxidation catalysis for transformations relevant to organic
synthesis (olefin oxidation, benzene oxidation) as well as energy-relevant processes (water
oxidation, hydrogen storage, CO2 electroreduction).
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