Photocatalytic Functionalization of Olefins via
Redox Net-Neutral and Singlet Oxygen
Mediated Strategies

Rohit Kumar

Department of Chemistry
Indian Institute of Technology Delhi
June 2025



© Indian Institute of Technology Delhi (II'TD), New Delhi, 2025



Photocatalytic Functionalization of Olefins via
Redox Net-Neutral and Singlet Oxygen
Mediated Strategies

Rohit Kumar

Department of Chemistry
Indian Institute of Technology Delhi
June 2025



Dedicated to my beloved Parents



CERTIFICATE

This is to certify that the thesis entitled, “Photocatalytic Functionalization of Olefins via
Redox Net-Neutral and Singlet Oxygen Mediated Strategies” being submitted by Mr.
Rohit Kumar to the Indian Institute of Technology Delhi for the award of the degree of
Doctor of Philosophy in Chemistry, is a record of bonafide research work carried out by
him. Mr. Rohit Kumar has worked under my guidance and supervision and has fulfilled the
requirements for the submission of this thesis, which to my knowledge has reached the
requisite standard.

The results contained in this dissertation have not been submitted in part or full, to any other

fi

Nidhi Jain

university or institute for award of any degree or diploma.

Professor
Department of Chemistry
Indian Institute of Technology Delhi

New Delhi - 110016






ACKNOWLEDGEMENTS
First and foremost, I am deeply grateful to my supervisor, Prof. Nidhi Jain, for her invaluable
guidance, unwavering support, and immense patience throughout my PhD journey. Her vast
knowledge and experience have been a constant source of encouragement, both in my
academic research and personal growth. I also sincerely appreciate her assistance and
insightful inputs in writing scientific manuscripts. Her advice, both in research and career
development, has been truly invaluable. I would also like to extend my heartfelt gratitude to
the members of my SRC committee Prof. V. Haridas, Dv. Chinmoy K. Hazra, and Prof. Rajiv
K. Srivastava for their valuable suggestions and guidance. Their insights have greatly
contributed to my research. Additionally, I am thankful to all the past and present Heads of
the Department of Chemistry, IIT Delhi, for their academic support and for providing the
necessary facilities to carry out my research work. My sincere appreciation goes to CSIR for
the research fellowship, which enabled me to undertake this research program. I am also
deeply thankful to my seniors (Dr. Sharvan Kumar, Dr. Vipin K. Jain, Dr. Arun Sharma, Dr.
Poonam Sharma, Dr. Ramandeep Kaur, Dr. Alankrita Garia, Dr. Ritu, Vikas, and Rajat) for
their valuable guidance, insightful discussions, and constant encouragement. I am also
grateful to my labmates (Shruti Rajput, Vijay P. Rahane, Harsha, Anirban, and Shruti
Sharma) for their support, collaboration, and fostering a friendly and motivating lab
environment. A special note of thanks to my dear friend, Abhishek Nair, from IIT Delhi, whose
unwavering encouragement, kindness, and emotional support have been a great source of
strength throughout my PhD journey. Finally, I am profoundly thankful to God for the gift of
life, for every opportunity, and for the experiences that have shaped me into the person I am

today.

Rohit Kumar






ABSTRACT

The thesis entitled "Photocatalytic Functionalization of Olefins via Redox Net-Neutral
and Singlet Oxygen Mediated Strategies" aims at developing sustainable strategies for
olefin functionalization under mild conditions. The work described in the thesis demonstrates
visible light assisted methods that enable olefin functionalization and oxidative conversions

leading to the synthesis of useful heterocyclic scaffolds.

This thesis is divided into five chapters. Chapter 1 provides an introduction to
photochemistry, classification of photocatalysts, and mechanism of various photocatalytic
processes. A detailed overview of photoredox-assisted net-neutral radical-polar pathways and
singlet oxygen generation via photosensitization is presented, since both these form a part of

the studies performed in subsequent chapters.

In Chapter 2, we report a photoredox assisted a-acylation of enol acetates with acyl
chlorides using Ir(ppy)s as the catalyst. The reaction proceeds via net-redox neutral radical-
polar crossover pathway and furnishes 1,3-diketones in moderate to high yields under mild
conditions without an external oxidant. The application of this method is demonstrated in the
synthesis of Avobenzone (main ingredient in sunscreens), one-pot synthesis of anti-bacterial

4H-1,4-benzothiazines and organic-laser dye boron difluoride hemicurcuminoid complex.

Chapter 3 describes a mild and efficient ruthenium-catalyzed hydroxy-arylation of the
terminal double bond of N-substituted 3-methyleneisoindolin-1-ones. The reaction takes
place with aryl diazonium salt as the arylating reagent and water as the hydroxyl source in
visible light at ambient temperature. The strategy entails vicinal difunctionalization of alkene
and enables construction of 3-benzyl-3-hydroxyisoindolin-1-one heterocyclic scaffolds in
moderate to good yields. C-C and C-O bonds are formed in one pot without any external
additive and oxidant through an in situ generation of a carbocation intermediate in green

light.

In Chapter 4, we demonstrate a one-step approach for the conversion of f-enaminonitriles to
synthetically versatile a-keto amides in moderate to high yields under visible light irradiation
photosensitized by porphyrins. The method is mild, cost-effective, and sustainable and
requires air as the sole reagent/oxidant. The reaction is believed to proceed via an ene-type
pathway initiated by 'O., followed by dehydration, imine hydrolysis, and subsequent

nucleophilic substitution of the cyanide group by amine. The method offers a broad substrate



scope and has also been extended for synthesis of a-keto esters with aliphatic alcohols as

nucleophiles. The porphyrin recovered after the reaction can be reused multiple times.

In Chapter 5, singlet oxygen ('02) and base assisted conversion of S-enaminoesters to o-
acyloxy-f-ketoesters is demonstrated under visible light irradiation. The reaction involves
formation of an imine intermediate via ene-type pathway initiated by 'O, followed by base
promoted dimerization and hydrolysis steps. The method is mild, environmentally friendly,

requires air as the oxidant, and gives the products in moderate to high yields.
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