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In this talk, we will summarize our recently proposed “Pauli-repulsion lowering” concept as a novel 

physical mechanism governing the catalysis in fundamental processes in organic chemistry such as 

the Diels-Alder cycloaddition reaction or the Michael addition reaction.[1,2] 

With the help of the Activation Strain Model of reactivity combined with the Energy Decomposition 

Analysis method,[3] we found that the traditional LUMO-lowering catalysis concept, based on 

qualitative frontier molecular orbital (FMO) theory, is rather incomplete and cannot be used to 

rationalize the mode of activation of catalysts in these transformations. Instead, the catalyst induces 

a significant polarization in one of the reactants which reduces the two-orbital, four-electron Pauli-

repulsion between the involved reagents. This becomes the ultimate physical factor responsible for 

the acceleration of the catalyzed reaction as compared to the uncatalyzed reaction.  

 

[1] Representative examples: (a) T. A. Hamlin, I. Fernández, F. M. Bickelhaupt, Angew. Chem. Int. 
Ed. 2019, 58, 8922; (b) P. Vermeeren, T. Hamlin, I. Fernández, F. M. Bickelhaupt, Angew. 
Chem. Int. Ed. 2020, 59, 6201; (c) P. Vermeeren, T. Hamlin, I. Fernández, F. M. Bickelhaupt, 
Chem. Sci. 2020, 11, 8105; (d) H. A. Rodríguez, D. A. Cruz, J. I. Padrón, I. Fernández, J. Org. 
Chem. 2023, 88, 11102. 

[2] T. A. Hamlin, F. M. Bickelhaupt, I. Fernández, Acc. Chem. Res. 2021, 54, 1972. 
[3] I. Fernández, F. M. Bickelhaupt, Chem. Soc. Rev. 2014, 43, 4953. 
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