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要旨（英文 800 語程度）	
 
Thesis Summary （approx.800 English Words ） 

  Incorporation of nitrogen- and oxygen-containing functional groups via radical species generated by the 

action of photoredox catalysis has been developed. Nitrogen- and oxygen-containing compounds are 

ubiquitous in natural compounds, bioactive compounds, drugs and so on. Therefore, introduction of N- and 

O-containing functional groups to molecules has been regarded highly important. The author focuses on 

radical reactions because of its unique reactivities such as a wide range of functional group tolerance and 

the regioselectivity on addition to multiple bonds. Visible-light-promoted photoredox catalysis has 

attracted increasing attention as a powerful synthetic tool in the field of organic synthesis, because 

photoredox catalysis is a green chemical process thanks to many favorable aspects as exemplified by 

visible light (sunlight) driven, atom-economic and redox neutral reactions. The single electron transfer 

processes involved therein can be applied to generation of radicals via the photoredox process. This process 

has advantages over the conventional radical systems that frequently use an excess amount of redox 

reagents or special equipments. For the use of photoredox catalysis as a green radical generating method it 

is essential to design appropriate precursors. In the present study, the author has developed new radical 

precursors containing heteroatoms and used them for selective reactions.  

  Oxidation chemistry of amines and ethers has been studied extensively and established. 1e-Redox 

processes by photoredox catalysis are expected to trigger the interconversion of amines and ethers but 

N-protected amines and ethers are difficult to be oxidized by photoredox catalysis due to its high oxidation 

potentials. Organotrifluoroborates serve as radical precursors upon 1e-oxidation. This inspired the author to 

incorporate the trifluoroborate groups at the carbon atom adjacent to the nitrogen atoms of amines and the 

oxygen atoms of ethers. He examined the photocatalytic reaction of potassium Boc-protedted 

aminomethyltrifluoroborate or 4-methoxyphenoxymethyltrifluoroborate with electron-deficient olefins in 

the presence of the Ir photocatalyst in acetone/MeOH under visible light irradiation (blue LEDs: λmax = 425 

nm). As a result, hydroamino- or hydroalkoxy-methylation of the olefins proceeded in good yields with 

high tolerance with a wide variety of functional groups, and the present methods are regarded as indirect 

introduction of heteroatom-functional groups to olefins. Furthermore, the hydro-aminomethylation 

provides us with a new strategy for the synthesis of biologically active γ-aminobutyric acid (GABA) 

derivatives.  

  Intermolecular radical amination and oxygenation are difficult due to the propensity of nitrogen- and 

oxygen-centered radicals undergoing hydrogen-abstraction. The synthetic utilities of these radicals remain 

unexplored because of lack of effective radical precursors and reaction systems. The author developed 



stable and easy-to-use pyridinium reagents such as N-Ts protected aminopyridinium tetrafluoroborate and 

3,5-bis(trifluoromethyl)benzoyloxylutidinium triflate salts as nitrogen- and oxygen-centered radical 

precursors. First of all, he succeeded in synthesis of N-Ts protected aminopyridinium tetrafluoroborate and 

established aminohydroxylation of olefins with the aminopyridinium salt in the presence of fac-[Ir(ppy)3] 

catalyst (ppy: 2-pyridylphenyl) under visible light irradiation. The resultant vicinal aminoalcohol skeletons 

are ubiquitous in biologically active natural compounds and drugs. The aminating reagents serve as 

excellent N-centered radical precursors by the action of the photoredox catalysis. Furthermore, 

aminohydroxylation of olefins with iminopyridinium ylide by dual catalysis of Lewis acid and photoredox 

catalysis was developed. The dual catalytic system enables synthesis of various N-protected aminoalcohols 

such as trifluoroacetoxy, Boc (tert-butoxycarbonyl), troc (2,2,2-trichloroethoxycarbonyl) and alloc 

(allyloxycarbonyl) derivatives, which could not be accessible by the aminopyridinium system mentioned 

above.  

 The successful generation of nitrogen-centered radical from amionopydinium salts encouraged the author 

to examine the generation of oxgen-centered radicals from pyridinium analogues and to develop an 

effective method for radical C-O bond formation. He established aroyloxylation of arenes with 

N-aroyloxylutidinium salts via the aroyloxy radicals by the action of photoredox catalysis under visible 

light irradiation. Although carboxy radicals are apt to decarboxylation to give the corresponding 

carbon-centered radicals or abstract a hydrogen atom from substrates nearby to give the carboxylic acids, 

electron-withdrawing groups on the benzoyl moiety of the aroyloxylutidinium salts increased the 

electrophilicity of the aroyloxy radical to increase the yields of the substituted oxygenated products. The 

present amination and oxygenation are regarded as a direct introduction of nitrogen- and oxygen-atoms.  

  The author has developed new methods for introduction of nitrogen- and oxygen-functionalities to 

alkenes or arenes via carbon-, nitrogen-, and oxygen-centered radical intermediates generated by the 

photoredox catalysis. Organotrifluoroborates and amino- and carboxy-pyridinium salts undergo 

1e-oxidation and 1e-reduction via reductive and ocidative quenching cycle, respectively, to generate the 

corresponding carbon-, nitrogen-, and oxygen-centered radicals, which undergo hydro-aminomethylation 

of olefins (Chapter 2), hydro-alkoxymethylation of olefins (Chapter 2), aminohydroxylation of olefins 

(Chapter 3), and aroyloxylation of arenes (Chapter 4). 

 

 

 

 

 

 

 

 
備考	
 :	
 論文要旨は、和文 2000 字と英文 300 語を 1 部ずつ提出するか、もしくは英文 800 語を 1 部提出してください。	
 

Note : Thesis Summary should be submitted in either a copy of  2000 Japanese Characters and 300 Words (Engｌish) or 1copy of 800 

Words (English). 

 

注意：論文要旨は、東工大リサーチリポジトリ（T2R2）にてインターネット公表されますので、公表可能な範囲の内容で作成してください。 

Attention: Thesis Summary will be published on Tokyo Tech Research Repository  Website (T2R2).  

 


