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(Summary) 

 Catalytic hydrogenation of carboxylic acid derivatives with low electrophilicity leading to alcohols is a 
desirable transformation alternative to stoichiometric reduction using main group metal hydrides. This 
thesis focused on the development of effective hydrogenation catalysts based on highly nucleophilic 
ruthenium and copper hydrides. 
 In Chapter 1, the hydrogenation of polarized unsaturated functional groups catalyzed by transition 
metal catalysts is overviewed and the purposes and strategies of this thesis are defined. 
 In Chapter 2, catalytic function of Cp*Ru complexes bearing a protic amine chelate was investigated in 
the hydrogenation of carboxylic acid derivatives. Protic amine ligands were disclosed as an 
indispensable structure for the catalytic activity. Cp*Ru catalyst bearing 2-picolylamine (NNH) proved to 
be efficient for hydrogenation of a range of esters to produce the corresponding alcohols at 100 °C. 
 In Chapter 3, it is uncovered that introduction of an imidazol-2-ylidene unit in the protic amine chelate 
(CNH) can enhance the nucleophilicity of Ru hydrides. A novel complex Cp*Ru(CNH) functioned as a 
competent catalyst for the hydrogenation of carboxamides below 90 °C to give corresponding alcohols 
and amines. 

 As an attempt to utilization of 3d transition metals, the hydrogenation of carbon dioxide to formate was 
achieved using Cu salts in the presence of amidine base of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) 
in Chapter 4. The binary system comprised of Cu(OAc)2·H2O and DBU showed the catalytic activity by 
forming active DBU–Cu species, attaining the maximum turnover number of 163 at 100 °C. 
 In Chapter 5, novel Cu complexes bearing multidentate amidines were subjected to the hydrogenation 
of carbon dioxide in order to ensure the utility of amidine–Cu catalysts. A mononuclear acetato-Cu(II) 
complex bearing bisamidine demonstrated the maximum turnover number of 1660 at 100 °C, indicating 
amidines serve as effective ancillary ligands for the homogeneous copper catalysis. 
 As an application of amidine–Cu association to heterogeneous catalysis, polystyrene-bound DBU 
(PS-DBU) was utilized as an effective support of Cu species in Chapter 6. Cu(acac)2 was immobilized 
on PS-DBU (Cu/PS-DBU) in the presence of H2 to form nanoparticles comprised of Cu(0) and Cu(I). 
The Cu/PS-DBU acts as durable and active catalyst for the hydrogenation of carbonyl compounds at 90 
°C. 
 In summary, the introduction of the highly electron-donating nitrogen heterocycles into catalyst 
structures to enhance the nucleophilicity of metal hydrides offers a feasible approach to achieve 
powerful hydrogenation of less reactive C–O bonds. 
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