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Some of the most „sustainable“ metal-based catalysts are considered to be located in the first-

row of the transition metal block. Unlike their heavier counterparts, their reactivity is governed 
by rapid oxidation state, spin state and geometry changes all of which are interdependent on 

eachother. This behaviour often renders their reactivity difficult to control, which is translated 
into poor selectivity or favourable deactivation pathways in catalytic runs. A successful tool to 

control their reactivity is the so-called “metal-ligand cooperativity” approach, which based on 
actively involving the ligand in the chemical and redox processes of the elementary steps in 

catalysis. 

This talk will showcase two approaches used successfully in our group to design highly active 
catalysts based on open-shell iron and cobalt systems: redox metal-ligand cooperativity (via 

the use of redox-active ligands) and chemical metal-ligand cooperativity (via ligand-based 
activation of the catalytically active species). The focus will be on [2+2]-cycloaddition 

methodologies involving unactivated alkenes and alkynes,1 the identity of catalytically active 

species in these reactions, the fixation of N2 at iron centres2 as well as on iron-ligand multiple 
bonds.3 
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