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(1) Long-term goal of laboratory and research background 
"New Catalysts, New Reactions, New Materials" -this is the main research theme at the Organometallic 
Chemistry Laboratory. The discovery of novel catalysts can lead to the development of unprecedented 
chemical reactions and the creation of innovative functional materials that cannot be synthesized by traditional 
methods. Our research interests cover broad areas of organometallic chemistry, which include the synthesis of 
new organometallic complexes having novel structures, the development of more efficient, selective catalysts 
for olefin polymerization and organic synthesis, and the activation and efficient utilization of small molecules. 
Much of our work lies at the interfaces between inorganic, organic, polymer, and materials chemistry, with an 
emphasis being placed on the development of our original catalysts for applications in efficient, selective 
chemical synthesis. 
(2) Current research activities (FY2021) and plan (until Mar. 2025) 
(A) Regio-, stereospecific polymerization by organo rare-earth catalysts 

Aiming towards the creation of novel high-performance polymer materials, a part of our research programs 
focuses on developing highly active and selective polymerization catalysts based on the unique characteristics 
of rare-earth metal complexes. We have successfully achieved the terpolymerization of ethylene (E) and two 
different methoxyaryl-substituted propylenes (AHexP = hexylanisyl propylene; APyrP = methoxypyrenyl 
propylene) by a half-sandwich scandium catalyst (Fig. 1). The terpolymerization took place in a sequence-
controlled fashion, affording unique multi-block copolymers composed of two different ethylene-alt-
methoxyarylpropylene sequences E-alt-AHexP (soft segments) and E-alt-APyrP (hard segments) and relatively 
short ethylene−ethylene (EE) blocks (crystalline segments). The terpolymers exhibited excellent elasticity and 
unprecedented self-healability as a result of microphase separation of nanodomains of the crystalline EE 
segments and the hard amorphous E-alt-APyrP segments from a very flexible E-alt-AHexP matrix, demonstrating 
unique synergy of the three different components.  

In future, we will continue to design and synthesize new organo rare-earth alkyl complexes bearing various 
types of monoanionic ancillary ligands and develop new regio-, stereoselective transformations for the 
synthesis of novel functional polymers. 
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Fig. 1 Synthesis and self-healing property of terpolymer of ethylene and methoxyaryl-substituted propylenes  
(B) Novel chemical transformations via C-H activation catalyzed by organo rare-earth catalysts 

The catalytic enantioselective construction of three-dimensional molecular architectures from planar 
aromatics such as quinolines is 
of great interest and importance 
from the viewpoint of both 
organic synthesis and drug 
discovery, but there still exist 
many challenges. By using 
chiral half-sandwich scandium 
catalysts, we have succeeded in 
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Fig. 2  Scandium-Catalyzed Dearomative Spiro-Annulation of Arylquinolines with Alkynes



developing the dearomative spiro-annulation of a wide range of 2-arylquinolines with diverse alkynes (Fig. 2). 
The reaction is based on a unique combination of the scandium-catalyzed C–H activation, alkyne insertion, 
and dearomative nucleophilic 1,2-addition of alkenyl species to the C═N unit of a quinoline moiety, standing 
in sharp contrast with the previously reported late-transition-metal-catalyzed transformation of similar 
substrates. This protocol features 100% atom-efficiency, broad substrate scope, high yield, high 
enantioselectivity, and well-defined reaction mechanism, offering an efficient and selective route for the 
synthesis of a new family of N–H free spiro-dihydroquinoline derivatives which are of great interest and 
importance in medicinal chemistry and drug discovery but were previously difficult to access by other means. 

Multi-substituted aminocyclopentanes are important components in many natural products, bioactive 
molecules, and pharmaceuticals. In principle, the [3+2] annulation of aliphatic aldimines with alkenes, which 
involves the activation and addition of an aldimine β-C(sp3)−H bond to an alkene unit followed by 
intramolecular addition of the resulting alkyl species to the imine group, would constitute a straightforward 
and atom-efficient route for the synthesis of multi-substituted aminocyclopentanes. By using half-sandwich 
scandium catalysts, the regio- and diastereoselective [3+2] annulation of aliphatic aldimines with alkenes via 
β-C(sp3)−H activation has been achieved for the first time (Fig. 3). This protocol offers an efficient and 
selective route for the synthesis of a new family of multi-substituted aminocyclopentane derivatives from 
easily accessible aldimines and alkenes with broad substrate scope, excellent regio-, diastereoselectivity, and 
100 % atom-efficiency. The reaction of aldimines with styrenes exclusively afforded the 5-phenyl-trans-
substituted 1-aminocyclopentane products through the 2,1-insertion of the styrene unit. In the annulation of 
aldimines with aliphatic alkenes, the alkene insertion took place in a 1,2-fashion, selectively affording the 
corresponding 4-alkyl-trans-
substituted 1-
aminocyclopentane products. In 
these cases, the addition of a 
catalytic amount of amines such 
as AdNH2 significantly 
enhanced the catalytic activity 
and diastereoselectivity.   

In future, we will continue to develop regio-, stereoselective and atom-efficient reactions based on our 
original rare-earth catalysts by making use of the unique activity of rare-earth alkyl species toward C−H 
activation and C=X insertion (X = C, O, N, S, etc.) together with the unique interaction between rare-earth 
metal and heteroatom. 

 
(C) Activation and transformation of small molecules by hydride clusters  

As part of our efforts towards dinitrogen 
functionalization by multimetallic hydrides, we 
have recently achieved the activation and 
functionalization of dinitrogen (N2) with carbon 
dioxide (CO2) by the titanium hydride complex 
{[(acriPNP)Ti]2(μ-H)3H} affording isocyanate 
species through N−C bond formation and N−N and 
C−O bond cleavage. The mechanistic details have 
been clarified by the experimental and 
computational studies. A titanium-mediated cycle 
for the synthesis of trimethylsilyl isocyanate 
Me3SiNCO from N2, CO2, and Me3SiCl using H2 
as a reducing agent is also demonstrated.  

In future, we will continue to design and synthesize various multimetallic polyhydride complexes changing 
the metal combination (or nuclearity) and the steric and electronic properties of the ancillary ligands and 
explore their potential for the activation and transformation of small molecules and inactive skeletons.  
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Fig.4 Activation of dinitrogen and carbon dioxide by a titanium hydride
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