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Abstract

Light energy is a renewable power source and a fundamental pillar in driving
advancements across many scientific disciplines. Its critical role in photosynthesis
extends beyond facilitating oxygen production to underpinning the sustenance of life.
Beyond essential photosynthetic functions, the exploitation of light energy is pivotal at
the vanguard of innovations in technology, pharmaceuticals, and a wide array of
research endeavors, firmly establishing it as an unrivaled source of green energy.

In photocatalysis, photon energy is skillfully transformed into chemical energy, driving
essential reactions such as water splitting, degradation of organic pollutants, carbon
dioxide reduction, and complex organic syntheses. These applications underscore the
integral role of light energy in the progression of green chemistry.

The domain of heterocyclic compounds, recognized for their significant biological
activities, has witnessed the advent of novel and efficient synthetic methodologies.
Radical addition and cyclization techniques have addressed the complexities inherent in
constructing elaborate cyclic structures from more basic molecules. This strategy
broadens the array of synthetic methods and enhances yield and selectivity, particularly
in synthesizing tetrahydropyridines, thus presenting a formidable challenge to the
traditionally preferred aza-Diels-Alder reaction.

The standard synthesis approach to address epoxides—key intermediates in producing
diverse chemicals, including resins and pharmaceuticals—has been refined. By
developing methods to produce active oxidants in situ, the risks associated with
conventional peroxide use have been circumvented, and the formation of by-products
has been curtailed, marking a significant advancement in green synthetic chemistry.

Investigations have also shed light on the functionalization of thioethers, which are
pivotal in various applications. Photochemical strategies have been pioneered to forge
carbon-carbon bonds, particularly in generating a-thioalkyl radical intermediates. These
radicals, arising from novel one-electron oxidation pathways, exhibit pronounced
nucleophilicity, which has been exploited to facilitate groundbreaking bond formations



crucial to the evolution of organic synthesis.

In an essential research segment presented in Part |, innovative protocols for
generating a-thioalkyl radicals have been set forth. Chapter | of Part | highlights the
induction of such radicals through blue light irradiation of thioanisole within a charge
transfer complex context, illustrating the delicate control achieved over radical
generation and their utility in bond-forming reactions. Moreover, in Chapter 2 of Part |,
titanium dioxide significantly enhances these reactions, culminating in the rapid
synthesis of intricate structures like thiochromenopyrrolediones. Chapter 3 of Part |
focuses on delving into the highly selective aerobic oxidation of thioanisole derivatives
facilitated by a 370 nm ultraviolet LED lamp.

Chapter | of Part 2 documents the research in the efficient electrochemical epoxidation
of styrene derivatives, influenced by seminal efforts from pioneers such as Tanaka.
Utilizing a manganese-salen catalyst within a biphasic system and producing
percarbonate ions on a boron-doped diamond electrode not only reflects but also
potentially exceeds previous approaches regarding efficiency and eco-friendliness,
signifying a breakthrough in electrochemical synthesis.

The extensive body of research, encompassing the generation of radical species and
their ensuing chemical tfransformations, evidences substantial contributions to
photocatalysis and organic synthesis. These innovations underpin future progress in
sustainable chemistry and materials science.



