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ABSTRACT

The thesis entitled "Development of Catalytic Systems for C(sp?)-H Bond Functionalization of
(Hetero)aromatics™ deals with developing environmentally friendly and sustainable synthetic
routes for C-H bond activation of heterocycles and aromatic systems to generate C-C, C-N, and
C-S bonds. In this thesis, we have developed an inexpensive and milder catalytic system to
demonstrate the C(sp?)—H bond functionalization from feedstock precursors. We describe the
cross-dehydrogenating and decarboxylative coupling approach for synthesizing alkylated
heteroaromatics utilizing feedstocks such as unactivated alkanes and carboxylic acids. We have
also devised a photoinduced radical-cascade protocol for the C-3 thioalkylation of quinoxalin-
2(1H)-one with an extended alkyl chain without utilizing any photocatalyst. This thesis features a
remarkable strategy for inserting an amino group on quinolin-2(1H)-one using photo-driven
skeletal rearrangement. Furthermore, a series of regioselective aryl sulfone systems is prepared
using an inexpensive photocatalyst.

Chapter 1 enumerates the progress made since the field of C-H functionalization began in terms
of synthetic techniques for activating ubiquitous, non-reactive C-H bonds to facilitate efficient
organic transformations. With regard to the access of complex organic scaffolds, in particular,
the functionalization of C-H bonds has made it possible to create C-C, C-N, C-S, and C-X bonds
immediately and with the least amount of pre-activation. Photocatalytic methods have gained
considerable attention due to their sustainability, milder reaction conditions, and the facilitation
of inaccessible reactions without adding any hazardous waste to the environment. Further, we
have briefly remarked on the different radical-mediated photoredox techniques and how they
overcome the challenges in functionalizing C-H bonds to architect organic frameworks. Using
similar cases from our work, this chapter also illustrated ongoing scientific developments and the
potential significance of our findings in mitigating existing challenges.

Chapter 2: Activation of C(sp®)-H bonds directly utilizing easily accessible feedstock chemicals
to functionalize diverse heterocycles has grown tremendously in synthetic chemistry. Still,
ubiquitous properties of C(sp*)-H bonds render them impractical for various applications. Here,
an intriguing and efficient method is discussed for the selective alkylation of quinoxalin-2(1H)-
one with a broad class of hydrocarbons having different C(sp®)-H bonds with varying bond

strengths using di-tert-butyl peroxide (DTBP) as an alkoxyl radical mediator for hydrogen atom
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transfer (HAT). This protocol exhibits good functional group compatibility and selectivity

regarding heterocycles and unactivated alkanes. We also illustrate the applicability of this C(sp?)—

H/C(sp®)-H cross-coupling for practical access to bioactive pharmaceuticals and gram-scale

synthesis.

Chapter 3 describes a decarboxylative alkylation approach of quinoxalin-2(1H)-one, which is

mediated by a light-driven ligand to metal charge transfer utilizing the cerium catalyst. This

inexpensive catalytic approach provides a viable solution regarding a precious photocatalyst

system to generate alkyl radicals from various unactivated carboxylic acids, such as primary,

secondary, tertiary, biologically active amino acids, and pharmaceutically active acids. This

protocol also displays compatibility with quinolone, providing the regioselective alkylated

product. Detailed mechanistic experiments are conducted using several spectroscopic studies to

corroborate the hypothesis of photoinduced LMCT and decarboxylation events.

Chapter 4 describes a light-driven cascade reaction strategy for thioalkylation of quinoxalin-
2(1H)-one with alkene and aryl disulfide. This greener approach eliminates the requirement of any
external photocatalyst to generate the key radical synthons from various aryl disulfides. This
protocol also manifests compatibility with alkyne, providing the regioselective vinylated
quinoxalin-2(1H)-one. The practical applicability of this methodology is illustrated by scale-up
experiments and late-stage modification of pharmaceutically active compounds. Detailed
mechanistic experiments are performed using several spectroscopic studies to prove the hypothesis
of quinoxalin-2(1H)-one as a photosensitizer.

Chapter 5 deals with the selective introduction of an amino group on heterocyclic moiety, which
is crucial for manufacturing various bioactive compounds. It became essential to move beyond the
limitations of conventional approaches that utilize elevated temperatures or extreme acidic
conditions, ensuring site selectivity. We have developed a skeletal editing approach for
regioselective denitrogenative amination to access C-3 aminoquinolin-2(1H)-ones. We have
explored various 3-ylideneoxindoles substituted with sensitive functional groups as synthetic
precursors for quinolin-2(1H)-one backbone. Several spectroscopic studies are carried out to
understand the photocatalytic involvement in the skeletal editing of the triazoline intermediate.
The practical utility of this approach is depicted by scale-up experiments and efficient synthesis of
pharmaceutically active compounds.

Chapter 6 discusses the organophotocatalytic approach for the site-selective sulfonylation of
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C(sp?—H bonds of anilide and quinoline amide derivatives. We have explored various anilides
and sulfonyl chlorides substituted with sensitive functional groups as synthetic precursors for aryl
sulfone moieties. This protocol also manifests compatibility with quinoline amides for
regioselective sulfonylated products. Detailed mechanistic experiments are conducted using
several spectroscopic studies, cyclic voltammetry, and DFT calculations to corroborate the
photocatalytic involvement in the regioselective sulfonylation in both the proximal and distal

positions.

Chapter 7 gives the overall conclusions of all the research carried out in the current studies and

provides an outline for future scope in this area of research.
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B & [T Y-SR eI 3R SIPaiaciicd gH- P H 0 &I guiH HRd ¢ | §A it
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BT SN HRb Ao dfaed TR TetbH RIeH &1 Td 48 dOR $i St 5|

T 1 HA Sdd YRG! DI GAUTHS T4 & o Faaamdt, IR-ufaferaria d-ta
i DI Alehd IR & fo Ridfed ddm-ien! & deu o H-0a wrafddmdr & &9 &1 o3 &
1 T §8 W] &1 TUFT $HRdl ¢ | Sfed Bla-d JdMHl &1 Ugd & day H, Ry U 9, ¥-ud
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