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ABSTRACT 

The thesis entitled Visible Light Mediated Functionalizations Through Dual 

Metallaphotoredox Catalysis or Photocatalyst-Free Strategies  explores the development 

of sustainable synthetic methodologies for the construction of heterocyclic molecules. By 

harnessing visible light as a green and renewable energy source, this work aims to enable 

diverse chemical transformations via the generation of reactive intermediates under mild 

conditions, either through dual catalytic systems or photocatalyst-free pathways. A range of 

C-H functionalization and alkyne cleavage reactions have been developed to synthesize 

molecules of biological and synthetic relevance. 

The dissertation is divided into four chapters: 

Chapter 1 introduces the fundamental concepts of photochemistry, highlighting the 

advantages of visible light over traditional energy sources. It also provides a detailed 

discussion on the classification of photocatalysts, mechanistic aspects of photoredox 

catalysis, and the specific homogeneous catalyst employed in this work. 

In Chapter 2A and Chapter 2B, site-selective C-1 selective monoarylation 

and monoacylation of N-protected carbazoles using a dual catalytic system based on Eosin Y 

and palladium under visible light irradiation has been demonstrated. Diazonium salts and 

phenyl glyoxylic acid were employed as arylating and acylating agents, respectively, 

enabling regioselective C-C bond formation. The methodology has good functional group 

tolerance, high regioselectivity, and furnishes the monosubstituted products in moderate to 

good yields at room temperature. 

In Chapter 3,  we report a regioselective sulfonamidation of N-(2-hydroxyaryl)amides with 

iminoiodinanes and iodine in visible light at room temperature. The method does not require 

a strong oxidant, metal or photocatalyst and enables direct functionalization of C-H bond to 

C-N bond. Mechanistic investigations suggest an in-situ generation of N-centered radical 

from N,N-diiodo-sulfonamide by homolytic N-I bond cleavage followed by its site-specific 

addition to N-(2-hydroxyaryl)amides to furnish para-sulfonamide derivatives. 

Chapter 4 focuses on the transition-metal and photocatalyst-free oxidative cleavage of 

alkynes with PIDA/iminoiodinanes in visible light. The method provides efficient access to 

aryl ketones from both terminal and internal alkynes, with iminoiodinane playing a dual role 



v 
 

as both a nitrene and an aryl source. The methodology is operationally simple, does not 

require expensive transition metal catalysts, or strong oxidants, and gives the products in 

moderate to good yields. The experimental evidence and literature reports suggest generation 

of triplet nitrenes as key reaction intermediates, and subsequent tandem radical migration and 

oxidative cleavage of alkynes.  

Overall, the thesis underscores the power and versatility of visible-light-mediated 

transformations in modern organic synthesis. Through the strategic use of both 

metallaphotoredox catalysis and photocatalyst-free strategies, it offers practical and 

environmentally conscious routes to valuable molecular scaffolds. 
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