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Abstract

N-heterocycles are fundamental architectures in medicinal chemistry and materials
science and are the core structure of many drugs and biologically active compounds. The aim of
this work was to develop green and sustainable strategies for preparing and tailoring N-

heterocycles from alkylating agents, such as N-(acyloxy) phthalimides and aryl diazo esters. We
describe a visible-light-mediated (4 + 2) cycloaddition reaction to construct fused
tetrahydroquinolines using an electron donor-acceptor (EDA) complex. This metal and catalyst-
free strategy employs alkyl N-(acyloxy)phthalimides and N-substituted maleimides to obtain
products with outstanding regioselectivity, broad functional group compatibility, and excellent
yields. Leveraging this success, we developed an unprecedented organophotoredox-catalyzed
method for direct C-H alkylation of 3,4-dihydroquinoxaline-2-ones with NHPI esters. This
strategy results in mild, high-yielding, and scalable access to sp3-enriched scaffolds, which is
pivotal for pharmaceutical endeavors. We further developed a green and sustainable N-
alkylation of azauracils using aryl diazo esters in our laboratory. This catalyst and additive-free
protocol provided mild compatibility for imide alkylation with many substrates and functional
groups. Notably, this useful transformation allows rare three-component reactions to occur in
cyclic ethers and will thus likely facilitate the modification of biologically pertinent molecules
and natural products. This study offers a new green approach to organic synthesis by
employing sustainable synthetic methods. These methodologies take advantage of visible light
to induce selective transformations with low-energy input, thus contributing to synthesizing
complex molecules of interest in medicinal chemistry.






Acknowledgments

"Even the greatest fool can accomplish a task if it were after his or her heart. But the intelligent ones are
those who can convert every work into one that suits their taste.”
- Swami Vivekananda

He had said- “I have often been asked how we can work if we do not have the passion
we generally feel for work. I also thought in that way years ago, but as [ grow older and gain
more experience, I find it is not true. The less passion there is, the better we work. The calmer
we are, the better for us and the more work we can do. When we let loose our feelings, we
waste much energy, shatter our nerves, disturb our minds, and accomplish very little work. The
energy that ought to have gone out as work is spent as mere feeling, which counts for nothing.
It is only when the mind is calm and collected that all of its energy is spent doing good work.”
Thanks to Vivekananda for his teachings. It helps me a lot during my Ph.D. I am eternally
grateful to the many wonderful individuals who have supported and guided me through this
five-year journey. This achievement would not have been possible without their unwavering
encouragement, motivation, and assistance in helping me reach my goals. I deeply appreciate
all those who have touched my life, inspired me through their actions, and lifted me to achieve
heights beyond my academic aspirations.

I extend my heartfelt gratitude to Dr. Sandip Murarka, Associate Professor in the
Department of Chemistry, for his invaluable guidance, constant encouragement, and
unwavering support throughout my research journey. This work would have been
inconceivable without his profound insights and expertise. I feel truly privileged and honored
to have been his student. I also express my heartfelt gratitude to my thesis advisory committee
members, Dr. Subrata Chakraborty, Dr. Nirmal Kumar Rana, and Dr. Prabhat K. Jaiswal, for
their helpful comments, valuable suggestions, and advice during my research work. I would
also like to thank Prof. Suman De Sarkar, Dr. Bashudev Sahoo, and Prof. Rene Koenigs for
allowing me to work on wonderful projects.

Many people have shaped my journey to this stage. [ was an average student until my
10th, Life was the same even in class 12t until I met Lingaraj sir, who inspired me to believe in
myself and strive for academic excellence. I also want to thank Saroj sir, whose guidance in
mathematics introduced me to the self-study methods. Lingaraj sir told me to take chemistry
instead of physics in my B.Sc, which became a turning point in my life. In my M.Sc, I read many
good organic books. This was when I learned chemistry through the books and enjoyed it so
much. So, I decided to pursue a Ph.D. in organic chemistry. After facing many failures, I was
finally accepted into the Ph.D. program at the Department of Chemistry, IIT Jodhpur, fulfilling
my childhood dream of joining one of India’s premier institutes.

When I first joined this lab, my knowledge of organic chemistry in a lab was negligible.
However, with perseverance, repetition, and a problem-solving mindset—guided by my
supervisor’s advice—I gradually learned the intricacies of laboratory work. | made countless
mistakes during the early days of my Ph.D., but my supervisor’s patience and encouragement
helped me grow. I am deeply grateful for your invaluable guidance and mentorship throughout
this journey. I would also like to sincerely thank Sushanta, Raushan, and Sachin for their
kindness and support when I started the lab.

[ thank my friends Manas, Prabhat, Rajkiran, Bikram, and Chandini for recording my
NMR samples whenever our NMR was down. Those times when you ensured I kept moving
my research forward and your eagerness to help meant a lot! A special mention goes to my best
friend during my Ph.D., Tushar, who was a constant source of support, especially towards the

vii



end of my journey when I often didn’t feel my best. The wonderful times we spent at
Shamiyana, coffee breaks, morning walks, singing odia songs, learning new languages,
engaging in deep discussions about science, and exploring who is making significant
contributions to chemistry in India and abroad are memories I will always treasure. He is the
sole individual in my department who has consistently provided encouragement regarding my
accomplishments throughout my Ph.D. studies. I will remember the way he always called me
“Agye Hota.”

[ thank my colleagues and lab mates (present and past) in the SM Lab, Department of
Chemistry, IIT Jodhpur. Thanks to the HVI group (Sushanta, Prahallad, Karan, Siva, Sneha,
Ardhendu, Geetha, Rajkumar, Sudip, Saurav Joshi, Shayali, Saurav Manna, Ritwika, Sagar,
Pravesh, and Lokesh). I would extend similar thanks to the NHPI group (Satya, Rupashri,
Anindya, Dr. Deepti, Shubham, Gulshan, Aanya, Ankit, and Amit) for working together in a
way that allowed us all to achieve more as a team. | want to give special thanks to Saurav
Manna, Sagar(singer-boy), Ritwika, Geetha, Gulshan, and Ankit. They always motivated me
during their M.Sc. I enjoyed playing cricket with Gulshan and his friends. Thank you, Gulshan,
for working with me on the NHPI project.

[ would also like to thank the technical staff (Kamal, Banoth, Shubham, Ganpat, Pawan,
Mukesh, Sandeep, and Deelip) at the Department of Chemistry for their continual support and
assistance throughout this work. Even when there are issues related to instrumentation and
resources, they push things to work so I can proceed with my research. I thank the Ministry of
Human Resources and Development for providing me with junior and senior research
fellowships during my doctoral studies. Thanks to the CASE facility of IIT Jodhpur for giving
me the facility to record my samples.

[ also thank the scientific community for doing excellent research and sharing
information with researchers like me. I thank Prof. Phil Baran's lab for doing excellent research
and providing wonderful supporting information. Many problems I have solved by reading
their excellent SI. Similarly, I would like to thank Not Voodoo X.4 for the excellent website that
helped me to learn many laboratory tips and tricks. I would like to thank YouTube for its
excellent videos on chemistry. There are many good lectures which helped me to increase my
knowledge and learn new laborotary skills.

Last, I thank my family and friends (Manash, Jogeshwer, Subhendu, Bikram, Ankush,
Akash, Sreyansh, Rashid, Ramniwas, Raj Sekhar, Aniket, Surajit, Satyajit, Devender, Himachal,
Sachin, Prashant, Prasad, Surya, Dr. Ghanshyam, Dr. Sanju, Dr. Debajit, Abhijit, Debasish,
Himanshu, Snehalata, Nabanita, Vaishnavi, Himani, Dr. Nisha, and Soniya) for their patience,
and support, who always kept me moving forward and in high spirits throughout this process.
This achievement would not have been possible without my parents, who believed in me and
sacrificed many things to provide this opportunity.

"Yesterday is history, tomorrow is a mystery, but today is a gift—that’s why it’s called the present.”

This thesis is dedicated to my parents, family, teachers, friends, and mentors.

Thank you all.

Sudhir Kumar Hota
Ph.D. Student

viii






Contents

page
Declaration I
Certificate iii
Abstract v
Acknowledgements vii
Contents X
List of Figures xiii
List of Tables XV
List of Symbols xvii
List of Abbreviations xix
Chapter 1: INTRODUCTION 21
11 Visible Light in Organic Synthesis 21
1.2 Photochemistry as an Essential Tool in the Synthesis 21
1.2.1 Organic Photoredox Catalysis 23
1.2.2 General Mechanisms Involved in Organic Photoredox Catalyst 24
1.2.3 Photoinduced Electron Donor-Acceptor Complex 27
1.2.4 Direct Photolysis 31
1.3 Visible Light Mediated Alkylation 32
1.4 N-(acyloxy)phthalimides as a Versatile Alkylating Reagent 35
1.4.1 Alkylation using N-(acyloxy)phthalimides 36
1.4.2 Alkylative Cascade using N-(acyloxy)phthalimides 38
1.5 Aryl Diazo Esters as Alkylating Reagents 40
1.5.1 O-alkylation using Aryl Diazo Esters 43
1.5.2 N-alkylation using Aryl Diazo Esters 43
1.6 Thesis Overview 44
Chapter 2: Visible-Light-Driven Radical Cascade with N-(acyloxy)phthlimides: Synthesis of 47
Tetrahydroquinolines through EDA Complex Formation
2.1 Introduction 47
2.2 Results and Discussion 48
2.3 Experimental Section 54
2.3.1General Information 54
2.3.2 General Procedure (GP) for the Synthesis of Maleimides 55
2.3.3 General Procedure (GP) for the Preparation of NHPI Esters 55
2.3.4 Representative General Procedure (GP-1) for the Visible Light Mediated
Photoredox Ctalysed Reactions 56
2.3.5 Image of the Photoinduced Reaction Setup 56
2.3.6 Control Experiments 57
2.3.7 Light- Dark Experiment 57
2.3.8 Determination of Quantum Yield 58
2.3.9 Post-Synthetic Modifications 59
2.4 NMR Spectra of Compounds 71
2.4.1'H and 3C NMR of 3ab 71
2.4.2'H and 3C NMR of 3ac 72
2.4.3'H and 3C NMR of 3ad 73
2.4.4'H and 3CNMR of 4 74
2.4.5'H and CNMR of 5 75
2.4.6 'H and 3CNMR of 6 76
Chapter 3: Radical Cross-Coupling for Direct C-H Alkylation of 3,4-Dihydroquinoxaline-2-one Using N- 77
(acyloxy)phthlimides
3.1 Introduction 77
3.2 Results and Discussion 78
3.3 Experimental Section 83
3.3.1 General Information 83



34

3.3.2 Representative General Procedure (GP-2) for the Visible Light Mediated
Photoredox Ctalysed Reactions

3.3.3 Control Experiments

3.3.4 Light- on-off Experiment

3.3.5 Luminescence Quenching Experiment

3.3.6 Determination of Quantum Yield

3.3.7 Formation of Dimer Adduct without NHPI ester
NMR Spectra of Compounds

3.4.1'"H and 3C NMR of 3aa

3.4.2'H and '3C NMR of 3ab

3.4.3'H and 3C NMR of 3ac

3.4.4'H and C NMR of 6

Chapter 4: Photoinduced Imide Alkylation of Azauracils with Aryl Diazoesters

4.1
4.2
43

4.4

Introduction

Results and Discussion
Experimental Section
4.3.1General Information

4.3.2 Representative General Procedure (GP-3) for the Visible Light Mediated Reactions
4.3.3 Post-Synthetic Modifications
NMR Spectra of Compounds
4.4.1'H and BCNMR of 3

4.4.2'H and BCNMR of 4
4.4.3'Hand BCNMR of 5

4.4.4 'Hand 3CNMR of 6

4.4.5'H and 3C NMR of 57

4.4.6 'Hand BC NMR of 59

Chapter-5: Conclusion & Outlook

Appendix

References

General Conclusion
5.1 Concluding Remarks on Each Chapter
5.2 Final Remarks

List of Publications
Conference Attended

xi

83
83
84
8
86
88
99

99
100

101
102

103
103
105
110
110
110
110
127
127
128
129
130
131
132

133
133
133
135

136
136
137

138






Figures

1.1
12
13
1.4

1.5
1.6

1.7
1.8

1.9
1.10
1.1
1.12

113
114

1.15
1.16

117

241

2.2
2.3

2.4
2.5
3.1
3.2
3.3

3.4

3.5

3.6
5.1

List of Figures

Title

Spectrum of Electromagnetic Waves.

Photophysical process of photoredox catalysts.

Sustainable Photochemical Tools.

Widely Utilized Organic Photoredox Catalysts.

Excited State Redox Potentials: A Comparative Analysis.

Types of Quenching Cycles.

Redox Potentials at Different States of Rose Bengal and Eosin Y.

Overview of Light-Induced Energy Transfer.

Comparative Analysis of Molecular Orbitals in Direct vs. EDA Complex Photoexcitation.
Principles of EDA Photochemistry.

Contrasting Reactivities: Local vs. Charge-Transfer Band Activation.

Nitrogen Donors in EDA Chemistry.

Direct Photolysis of Organic Compounds.

Nitrogen-Containing Heterocycles in Medicinal Chemistry.

sp3 Character in Drug Development.

Redox activity of Redox-active Ester.

Carbene Precursors and Trend of Aryl Diazoesters Utilization for Carbene Mediated
Reactions

(a) UV-vis absorption spectra of 1a (0.3 M), 2a (0.1 M), and DIPEA (0.3 M). (b) Job’s plot
between 1a and DIPEA at 440 nm. (c) Relative Gibbs free energy profile at B3LYP-
D3(BJ)/SMD(MeCN)/6-311+G(d,p) in kcal/mol for the reaction of 1a, 2a and DIPEA in
acetonitrile. Black, red and blue profiles represent paths A, B and C respectively. Inset:

Plots of HOMO and LUMO of 'EDA complex. Color code: C(grey), N(blue), H(white), O(red).

Representative Pictures of Reaction Setup.
HRMS Data of TEMPO Adduct.

HRMS Data of BHT Adduct.
Light- Dark experiment.

HRMS Data of TEMPO Adduct.
Light on-off Experiment.

Luminescence spectra of Rose bengal (25 pM) as a function of concentration of 4-benzyl-
3,4-dihydroquinoxalin-2(1H)-one (1a) in CH;CN with excitation at 440 nm.

Luminescence spectra of Rose bengal (25 pM) as a function of concentration of NHPI ester
2ain CH3CN with excitation at 440 nm.

Luminescence spectra of Rose bengal (25 pM) as a function of concentration of DIPEA in
CH3CN with excitation at 440 nm.

Stern-Volmer Plot.

Summary of the Experimental Work.

xiii

page

21
22
23
23
24
25
25
27
27
28
29
31
31
33
33
36
41

52

56
57

57
58
84
85
85

86

86

86
134



Xiv



Table

2.1
2.2
3.1
3.2
4.1

Title

Optimization of the Reaction Conditions.
NMR yield with different time.
Optimization of the Reaction Conditions.
NMR yield with different time.
Optimization of the Reaction Conditions.

XV

List of Tables

page

49
58
79
84
105






Symbol

Kepa
Kser
Kager
Kp
Kt

So
S
oX
red

o o
A

°corT > > oA

>¢

Description

Energy

Planck’s Constant

Frequency

Rate Constant for EDA

Rate Constant for SET

Rate Constant for BET

Rate Constant for Product

Rate Constant for Forward Reaction
Coulombic Interaction Term
Singlet Ground State

Singlet Excited State

Oxidation

Reduction

Life Time of Fluorescence
Quantum Yield of Fluorescence
Quantum Yield of Triplet Formation
Life Time of Triplet Excited State
Donor

Acceptor

Wavelength

Hour

Chemical Shift

Degree

Percentage

xvii

List of Symbols






Abbreviation

EDA
)
SET
cIp

IP

EA
BET
PC

ISC
MO
MLCT
PET
TTET
HOMO
LUMO
LED
RCC
NHPI
DAIRs
RAEs
RB
DFT
TD-DFT
IM
RNA
p-QMs
HE
DIPEA
DABCO
DMAP
DMF
DMSO
THF
DCM
DCE
EtOAc
DDQ
DIBAL
TEMPO
BHT
DCC
TLC
uv
NMR
HRMS
ppm
nm
MHz
ACS

Full form

Electron Donor-Acceptor

Charge Transfer

Single Electron Transfer

Contact lon Pair

lonisation Potential

Electron Affinity

Back Electron Transfer
Photocatalyst

Inter System Crossing

Molecular Orbital

Metal-to-Ligand Charge Transfer
Photoinduced Electron Transfer
Triplet-Triplet Energy Transfer
Highest Occupied Molecular Orbital
Lowest Unoccupied Molecular Orbital
Light Emitting Diode

Radical Cross-Coupling
N-(acyloxy)phthalimide
Diaryliodonium Salts

Redox-Active Esters

Rose Bengal

Density Functional Theory
Time-dependent Density Functional Theory
Intermediate

Ribonucleic Acid

para-Quinone Methides

Hantzsch Ester
N,N-diisopropylethylamine
1,4-Diazabicyclo[2.2.2]octane
4-(Dimethylamino)pyridine
Dimethylformamide

Dimethyl Sulfoxide
Tetrahydrofuran

Dichloromethane

Dichloroethane

Ethyl Acetate
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
Diisobutylaluminum Hydride
2,2,6,6-Tetramethyl-1-piperidinyloxy
Butylated Hydroxytoluene
N,N"-Dicyclohexylcarbodiimide
Thin-Layer Chromatography
Ultraviolet

Nuclear Magnetic Resonance
High-Resolution Mass Spectrometry
Parts Per Million

Nanometer

Megahertz

American Chemical Society

Xix

List of Abbreviations



