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The initial discovery of the chromium-based selective ethylene trimerization giving 
1-hexene prompted both academic and industrial groups to develop several highly selective 
and productive ethylene trimerization and tetramerization catalyst systems, affording 
1-hexene and 1-octene, respectively, which are co-monomers that are in high demand for 
linear low density polyethylene production. Mainly titanium and chromium-based catalysts 
have been designed by tuning the stabilizing ligands, the oxidation state of the catalytic 
active centers, and the choice of the co-catalyst. To achieve catalytic activity among the 
wide variety of catalyst systems developed to date, there is an essential requirement for 
conventional co-catalysts, such as a large excess of aluminum compounds or perfluoro 
borane derivates. As a parallel approach with the same importance, considerable efforts 
over the last two decades have been applied to clarify the metallacycle mechanism, which 
was originally proposed to be the mechanism most likely responsible for the selective 
trimerization of ethylene. The restrictions of the reported catalytic systems, however, due to 
the nature of paramagnetic metal centers 
and/or the presence of co-catalysts, have 
hampered the ability to obtain direct evidence.  

Sen et al. reported that Ta(III) species 
derived from the reaction of TaCl5 and 
alkylating reagents such as ZnMe2 became 
active catalysts for ethylene trimerization.1   

Herein, we report a new methodology to 
generate Ta(III) species capable of catalyzing 
the trimerization of ethylene to 1-hexene with 
>98% selectivity without any detection of 
internal olefins (Scheme 1).2  Direct evidence 
for the metallacycle mechanism detected as 
tantalacyclopentane (A in Scheme 1) by 
NMR spectroscopy has been reported.  In 
addition, we developed such salt-free 
synthetic methodology for generating low 
valent early transition metals, which acted as catalysts for oligomerization and 
polymerization of some alkenes and alkynes.  

 
References 
1) C. Andes, S. B. Harkins, S. Murtuza, K. Oyler, A. Sen, J. Am. Chem. Soc. 2001, 123, 7423. 
2) R. Arteaga-Mueller, H. Tsurugi, T. Saito, M. Yanagawa, S. Oda, and K. Mashima, J. Am. Chem. 

Soc. 2009, 131, 5370. 
 


