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Visible light photochemistry, aside from the obvious advantage – the ability to utilize free and 

inexhaustible energy source, the sun, allows to overcome high activation barriers under mild conditions, 

favors reaction selectivity, and in extreme cases promotes the formation of products inaccessible through 

thermal reactions. However, as most organic compounds does not absorb in visible region, it is rare for 

a synthetic transformation to be achieved by simple irradiation of the mixture of substrates. Photosynthesis 

does not occur in a bottle of carbonated water left on a windowsill, even though all substrates are present. 

To obtain the desired product, a photocatalyst must be used. Discovery of photoredox catalysis has enabled 

a renaissance of photochemical processes observed in recent years. 

Nitrogen-containing heteroaromatic ring are common motifs of bioactive compounds, including 

pharmaceuticals. Therefore, development of straightforward pathways for their synthesis and 

functionalization is incredibly important. In the literature a handful of methods for the synthesis of nitrogen-

containing rings is present, however to optimize the structure of a APIs, ligands or building blocks, building 

a suitably substituted heteroaromatic ring from scratch (de novo synthesis) is inefficient. For that purpose 

the key goals are to obtain desired product in reasonable quantities and in as few steps as possible. 

Therefore, the preferred method for the synthesis of aromatic heterocyclic ring derivatives is their 

functionalization, particularly expansion of their carbon skeleton by the formation of a new C(sp2)–C bond. 

The aim of this thesis was to develop new methods for functionalization of nitrogen-containing 

heteroaromatic rings with the formation of a C–C bond, using visible light to activate the substrates. 

In the first part of the thesis the possibility of using diazo compounds as alkylating agents for the 

functionalization of indole and pyrrole rings was examined. Primary or secondary alkyl radical, generated 

from diazoesters, attacks the nitrogen-containing heteroaromatic rings at C2 position, resulting in formation 

of the corresponding products selectively and in good yields. Moreover the method requires 

unprecedentedly low catalyst loading, tolerates variety of functional groups in both heteroaromatic 

substrates and diazo compounds, and is easily scalable. Studies on the use of diazoesters for the 

functionalization of indoles and pyrroles under light irradiation were continued in collaboration with Königs 

et. al.. As a result, a complementary method for the functionalization of indoles at C3 position was 

developed. Mechanistic studies showed that in this case, the reaction occurs through a triplet carbene, in 

contrast to the C2-alkylation process in which radicals are involved. 

In the second part of the thesis, previously unknown reactivity of pyridine N-oxides was discovered. 

They served as HAT reagents for generation of alkyl radicals in functionalization of electron-poor nitrogen-

containing heteroaromatic rings. The formation of an electron donor-acceptor (EDA) complex between 

aromatic heterocycle and the N-oxide enables the reaction to be carried out without the need for 

a photocatalyst. N-Oxyl radical generated by irradiation of the EDA complex, abstracts hydrogen from a wide 

range of formal hydrogen atom donors – alkanes, alkenes, amides, and ethers, generating corresponding 

radicals. The products of functionalization of simple quinolines are formed with high efficiency, however, the 

necessity of the EDA complex formation requires fine tuning of the N-oxide structure in order to 

functionalize different heteroaromatic rings effectively. 

 


