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Main-group element compounds are promising cheaper and green alternatives to transition-metal 

complexes in catalyses for their excellent reactivity similar to that of transition-metal complexes in 

typical elementary reaction steps [1]. However, the catalytic cycles by main-group element compounds 

are rare as compared with those by transition-metal complexes. Note that the metal-ligand cooperation 

catalytic cycle and the redox cycle are often found in the catalyses by transition-metal complexes. 

Therefore, constructing catalytic cycles is of crucial importance for the development of the catalyses 

of main-group element compounds, which would provide new possibilities for chemical syntheses.  

  Radosevich et al. reported a transfer hydrogenation reaction of azobenzene with NH3BH3 

mediated by a constrained phosphorus compound 1P in 2012 [2]. We theoretically investigated this 

reaction to explore its mechanism with DFT method, where GRRM program was employed to search 

transition states [3]. The CCSD(T) and ONIOM(CCSD(T):MP2) methods were employed to elucidate 

the electronic processes of the reaction. Our computational results demonstrated that the reaction 

occurs through a phosphorus-ligand cooperation catalytic cycle (Scheme 1), in which the oxidation 

state of the phosphorus center changes between +I and +III. This electronic feature is different from 

that of the metal-ligand cooperation catalytic cycle, where the oxidation state of the metal center does 

not change.  

  We also investigated the substituent and framework effects on the activity of 1P. More active 

pincer-type phosphorus catalyst was theoretically designed, which exhibits much wider applications 

than the experimentally reported one. 

 

 
 

Scheme 1. Reaction mechanism of the transfer hydrogenation reaction mediated by 1P. 
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