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ABSTRACT

The thesis, titled '"Visible Light Mediated Multicomponent Reactions and C-H
Functionalization by Substrate Photoactivation in Neutral, Acidic, and Basic Conditions™
focuses on the synthesis and functionalization of organic molecules under photocatalyst-free
conditions. In recent years, the direct activation of substrates using visible light has emerged
as a powerful tool for driving chemical transformations. This approach enables the generation
of highly reactive intermediates in situ without the need for stoichiometric reagents. The work
described in this thesis involves the design of multicomponent reactions and C-H

functionalization strategies to synthesize biologically relevant compounds.
The thesis is organized into five chapters:

Chapter 1 provides an introduction to photochemistry, photocatalysts, and photochemical
processes. It also elaborates on substrate activation under visible light in the absence of

photocatalysts, with a focus on mechanistic insights and applications.

Chapter 2 describes a method for the synthesis of 2-(4-hydroxyphenyl)-substituted
acetaldehydes via the direct photoactivation of para-benzoquinone under visible light. This
reaction was explored with various mono-nucleophiles, including indoles, anilines, and thiols,
and demonstrated broad substrate compatibility. The process operates under mild conditions,
leading to diarylated quaternary centers with a free keto group at the a-position, offering
potential for further reactivity exploration.

Chapter 3 reports an efficient strategy for synthesizing dihydroquinoxalines bearing a
tetrasubstituted carbon stereocenter. The reaction involves commercially available starting
materials (para-benzoquinones, alkynes, and ortho-phenylenediamines/ortho-aminophenol)
and requires ambient conditions. Direct photoactivation of para-benzoquinone initiates a [2+2]
cycloaddition with alkynes, generating o,0-disubstituted para-quinone methide intermediates.
These intermediates react with binucleophiles to produce dihydroguinoxalines, which exhibit

amine-sensing properties in their protonated forms.

Chapter 4 presents an acid-catalyzed visible-light-mediated activation of quinoxalin-2(1H)-
ones for C-H functionalization under photocatalyst-free conditions. The photoactivated
quinoxalin-2(1H)-one acts as a photosensitizer, transferring energy to oxygen to facilitate C-N

cross-dehydrogenative coupling with carbazoles and amides. This reaction proceeds under



mild conditions, including sunlight exposure, yielding quinoxalin-2(1H)-one-carbazole
scaffolds with fluorescent properties such as aggregation-induced emission (AIE) and

intramolecular charge transfer (ICT).

Chapter 5 demonstrates a base-catalyzed activation of 7-hydroxycoumarin, and its use as a
catalyst for C-C and C-N bond formation under visible light. Deprotonation of 7-
hydroxycoumarin induces electronic changes that result in a bathochromic shift, generating 2-
oxochrome-7-olate, which exhibits photoreductant properties. This system supports arylation,
alkylation, and amination reactions with high functional group tolerance, without requiring

metal or dye-based photocatalysts.

This work underscores the potential of visible-light-mediated, photocatalyst-free

methodologies for developing efficient and sustainable synthetic strategies.
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H20:
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