
 
Tata Institute of Fundamental Research 

Survey No. 36/P, Gopanpally Village, Serilingampally Mandal, Ranga Reddy Dist., Hyderabad – 500 046 

 

Seminar 
 

Copper-Ligand Complex O2-Reactivity Inspired by 

Molecular Oxygen Processing in Metalloproteins and 
Exploring Abnormal N-Heterocyclic Carbenes in Catalysis 

 

Pradip Kumar Hota 
 

JHU, MD 
 
 

The first part of the presentation introduces current research in copper-

based synthetic bioinorganic chemistry, emphasising dioxygen activation to 
understand metalloenzyme active sites and positioning the work at the 
interface of synthetic inorganic chemistry and biology. Through appropriate 
synthetic protocols, dicopper species furnish either one electron-reduced 
O₂-containing complexes or two-electron-reduced peroxo complexes at            
-90°C, enabling detailed thermodynamic parameters (E°’, pKₐ, and BDFE) 
characterisation across superoxo, peroxo, and hydroperoxo dicopper(II) 
systems. We report nucleophilic oxidative aldehyde deformylation reactivity 
by peroxo-dicopper(II) complexes, whose dicopper(I) precursors serve as 
dioxygenase catalysts, transferring both O-atoms from O₂(g) to the products 
with favourable atom economy. The O₂-derived peroxo-dicopper(II) 
intermediates react with aldehydes in 2-methyltetrahydrofuran at –90°C, 
and warming to room temperature affords formate and the corresponding 
ketones, with ¹⁸O₂ labelling confirming high incorporation of ¹⁸O into both 
products. The second part of the presentation highlights my PhD work 
involving abnormal N-heterocyclic carbene (αNHC)–stabilised Pd(II) 

catalysts for oxidative Heck coupling, producing β-arylation of olefins and 
hydroarylation of aromatic C–H bonds in trifluoroacetic acid. Key 
mechanistic advances include the isolation of the intermediate 
[αNHCPd(CF₃COO)]₂ by single-crystal X-ray crystallography, and, 
additionally, the demonstration that the αNHC ligand itself catalyses the 
formylation of amides with CO₂ and hydrosilane under ambient conditions, 
marking the first successful catalytic application of this process. 
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