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ABSTRACT

The thesis entitled “Photocatalyst-assisted single electron transfer-induced heterocycle
synthesis and functionalization in visible light” explores the application of homogeneous
photocatalysts in promoting organic transformations. In recent years, visible light has emerged
as an efficient tool to achieve chemical reactions, enabling the generation of highly reactive
intermediates formed in situ without the need for stoichiometric reagents. It offers a greener
and environmentally benign route for the construction and functionalization of organic
heterocyclic molecules. We have developed novel protocols involving cyclization, oxidation,
and C-H activation strategies for the synthesis of functionalized molecules, enabling the

formation of analogous to biologically relevant compounds.

This dissertation comprises five chapters. Chapter 1 explains the role of photochemistry,
focusing on the sophisticated applications of photoredox and dual catalysis for the synthesis
and functionalization of heterocycles. It outlines the classification of photocatalysts and an in-
depth discussion of photocatalytic processes. A detailed study of homogeneous photocatalysts

employed in our research work, and their application in facilitating organic transformations.

In Chapter 2, a photoinduced direct synthesis of 3-amino-1-indenones via radical cascade
cyclization strategy is demonstrated. The methodology involves a domino reaction between 2-
alkynylarylnitrile and N-aminopyridinium salt and captures the reactivity of in situ generated
nitrogen-centered radical in visible light. Multiple bond-forming events including C-N, C-C,
and C-O take place sequentially on 2-alkynylarylnitrile enabling construction of 3-amino-1-
indenone core at room temperature. The transformation exhibits good substrate scope
furnishing the products in good yields. A preliminary biological screening of the synthesized

compounds is indicative of their potent anti-cancer property.

Building upon our efforts to develop novel strategies under visible light irradiation, in Chapter
3 we report the visible light-assisted tandem oxidative 5-exo-dig cyclization of 1,6-enynes for
the synthesis of aminated C-3 aryloylated benzofuran, furopyridine, benzothiophene, and
indole derivatives. Nitrogen-centered radical generated in situ from N-aminopyridinium salt
initiates the consecutive formation of C-N, C-C, and C-O bonds. The methodology exhibits
good functional group tolerance and regio-selectivity, furnishing products in good to excellent
yields at room temperature. Preliminary biological screening of synthesized molecules reveals

their potential as anti-cancer agents.
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In Chapter 4, a metal-free and photooxidative activation of 2-alkynylarylnitriles in the
presence of pyrylium salt as a photocatalyst is reported. The 1,2-diketone intermediate
generated in visible light demonstrates base-assisted orthogonality towards cyclization,
furnishing  4-aryl-4-hydroxyisoquinoline-1,3-(2H,4H)-dione and  3-aryl-3-hydroxy-2,3-
dihydroazanaphthoquinone derivatives. The reaction has a wide substrate scope, good
functional group tolerance, uses an organic photocatalyst, and takes place at room temperature.
Preliminary biological screening of synthesized molecules reveals their potential as anti-cancer

agents.

In Chapter 5, we demonstrate a directing group-assisted decarboxylative ortho-benzoylation
of N-aryl-7-azaindoles with a-keto acids by synergistic visible light promoted photoredox and
palladium catalysis. The approach tenders rapid entry to aryl ketone architectures from simple
a-keto acid precursors via the in situ generation of a benzoyl radical intermediate. The
transformation provides a range of ortho-benzoylated N-aryl-7-azaindoles, with excellent site-
selectivity and good functional group compatibility under mild reaction conditions. Biological
target predictions indicate that these molecules may serve as potential anti-cancer and anti-viral

agents.
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