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ABSTRACT

The thesis entitled "Synthetic Applications of Phenalenyl-based Moiety as a Potent Photocatalyst
in Organic Transformations" is a comprehensive exploration towards the development of
photocatalytic pathways towards the construction of C—C/P/B/O/N as well as S—O bonds which are
essential in creating complex organic molecules. Initially, we have worked on unveiling the excited
state properties of phenalenyl-based organic molecule by doing various photophysical studies and then
it was implemented in the photoinduced cleavage of strong C—X bonds and thereby trapping the aryl
radical with different reagents to achieve six different class of reactions. We have also developed the
photoinduced oxidative formylation of tertiary anilines to get the formamide derivatives. Next, we were
also able to employ the similar type of concept for oxidative dehydrogenation of a variety of saturated
N-heterocycles under visible light irradiation. The synthesis of indole core was also carried out by
utilizing diazoacetates as a one-carbon unit under the photochemical conditions by utilizing phenalenyl
based photocatalyst. On the other hand, the divergent synthesis was achieved by tuning the excited state
properties of the phenalenyl scaffold to construct sulfoxides and sulfones. In the last chapter, we have
modified the phenalenyl photocatalyst to successfully oxidize the biarylcarboxylic acids to get the

desired lactone product via the intramolecular lactonization.

Chapter 1: Introduction: Photochemistry is a fascinating and rapidly evolving field that has a
significant influence on organic synthesis offering a distinctive approach for bond formation and
creating intricate molecules by exploiting the light-matter interactions. More recently, photoredox
catalysis began to flourish when various research groups revealed hitherto unknown facets of synthetic
chemistry. So far, the synthetic community has experienced continuous and rapid progress in research,
showcasing the versatility and potential of photoredox catalysis across academic and pharmaceutical
fields. The utilization of light as a more environmentally friendly reagent in synthetic organic chemistry
presents a broad array of benefits. Visible light serves as an exceptional reagent for catalytic
transformations, offering several advantages: it is readily accessible, safe to handle, can be precisely
delivered within a reaction mixture, and leaves no residue, even when used in excess. While
photosynthetic organisms exploit these properties of visible light in natural photosynthesis, synthetic
chemists employ visible light photocatalysis to efficiently synthesize high-value chemicals. A major
benefit of generating radical intermediates through photochemistry is the capacity to precisely control
reaction conditions. By manipulating parameters like intensity, wavelength, or exposure time, the
reaction may be tightly controlled, as light triggers the generation of radicals. With such precise control,
reaction conditions may be fine-tuned, leading to an increase in yield and selectivity of the targeted
product. As photochemical techniques have been refined over decades, the range of photoredox
reactions that can be accomplished through these methods has diversified. By revealing the interplay

between photochemistry and catalysis, photoredox catalysis opens up new possibilities for organic
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synthesis by facilitating the mild synthesis of radical intermediates. Therefore, in this thesis, we have
explored the excited state properties of an odd alternant hydrocarbon, i.e., phenalenyl and used it as a

potent photocatalyst in diverse synthetic transformations.

Chapter 2: Transforming Non-innocent Phenalenyl to a Potent Photoreductant through Visible-
Light-Induced Electron Transfer Processes: In this work, we have established a phenalenyl-based
molecular scaffold which serves as a potent photoreductant utilizing the empty NBMO in the presence
of a base to form a radical anion which, upon photoexcitation, behaves as a stronger reductant and
accomplishes the cleavage of strong C—X (X = Cl, Br, I) bonds under milder reaction conditions. The
base was found to be involved in a dual role of electron and hydrogen atom donor. Further, the aryl
radical formed by the homolysis of C—X bonds in this technique was captured for the Csp—Csp2 coupling
with unactivated arenes. The photoreductant potency of the phenalenyl-based catalytic system was
further extended to C—P as well as C—B bond formation reactions. EPR and lifetime studies reveal the
formation of a persistent radical having a sufficient lifetime to take part in the reaction by the PET
mechanism. Different spectroscopic techniques combined with DFT calculations were utilized for the
characterization of active catalytic species and for the elucidation of plausible mechanistic pathways.
This not only is the initial report of the application of phenalenyl as a photoreductant but also provides
a completely metal-free (alkali and transition metal) approach for the challenging reductive

functionalization of aryl halides at room temperature.

Chapter 3: Photoinduced Direct Formylation of Anilines: A Greener Oxidation using a
Phenalenyl Photocatalyst: The rapidly expanding field of photocatalysis has revolutionized synthetic
organic chemistry by establishing innovative pathways to functionalize organic molecules under mild
conditions. This chapter is concerned with the sustainable approach for the photoinduced oxidative
formylation of N,N-dimethylanilines using a phenalenyl-based photocatalyst. The methodology
exhibits tolerance to a variety of electron-donating and electron-withdrawing groups as well as to
diverse functional groups, specifically offering a selective and efficient pathway for the N-formylation.
Using visible light, this photochemical technique proves to be environmentally friendly, scalable, and
milder alternative strategy. The mechanistic insights were gained through a series of spectroscopic
techniques, including electron paramagnetic resonance, steady-state fluorescence, and fluorescence
lifetime studies. The post-functionalization was also completed and has the potential to be used in

various applications.

Chapter 4: Phenalenyl-Based Photocatalyst for Oxidative Dehydrogenation of N-Heterocycles:
The environmental benefits of molecular oxygen as the oxidizing agent in oxidation reactions that
synthesize fine chemicals cannot be overstated. Increased interest in developing robust photocatalysts
is stimulated by the fact that the current photocatalytic transformation boom has made previously

inaccessible synthetic approaches possible. By employing a phenalenyl-based photocatalyst, we have
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successfully developed oxidative dehydrogenation utilizing molecular oxygen as a greener oxidant.
Under photoinduced oxidative dehydrogenation conditions, different types of saturated N-heterocycles
were successfully dehydrogenated. The versatility of this bioinspired protocol is demonstrated by the
fact that a wide variety of N-heteroaromatics, such as quinoline, carbazole, quinoxaline, acridine, and
indole derivatives, were successfully synthesized. Detailed mechanistic studies validate the proposed
mechanism. Fluorescence lifetime and CV experiments revealed the crucial role of water on the
efficiency of the reaction. The present protocol also provide scalability, and allowing for the

functionalization of bioactive molecules at a late stage in a sustainable manner.

Chapter 5: Unraveling the Potential of Phenalenyl-based-Photocatalyst for the Indole Formation
from Anilines and Diazoacetates: Indole and its derivatives are widespread in nature and have long
been regarded as privileged structures in drug discovery due to their high affinity for binding to multiple
receptors. As a result, a variety of effective approaches for building indoles have been established.
Because of its flexibility and modularity, the method that uses diazoacetates as a one-carbon atom unit
in position C3 of the indole backbone has been one of the most appealing research subjects among
existing strategies. So, this chapter deals with the photochemical approach that has been developed
proceeding under milder reaction conditions to synthesise indoles as well as pyrido-indoles. The
reaction progresses without the use of metals or additional reagents, exhibiting a broad substrate scope
with improved yields, including the natural product derivative obtained from (L)-menthol. Further,
spectroscopic studies including UV-visible studies, fluorescence quenching studies as well as transient

absorption spectroscopic studies were carried out to get into the mechanistic insights of the reaction.

Chapter 6: Tuning the Photocatalyst at Excited State: Captivating Photo Divergent Synthesis of
Sulfoxides and Sulfones: By tuning the two different modes of the excited-state phenalenyl, a divergent
approach is attained under the milder reaction conditions. While unraveling the excited-state
photophysics of the phenalenyl catalyst using transient absorption spectroscopy, divergent catalysis has
been exposed, which was made possible by modulating the formation of diverse photocatalytic species
in different media. Delving into this deeper understanding has transformed how we can control and
harness catalytic processes, pushing the frontiers of innovation in green chemistry. Further,
spectroscopic as well as other mechanistic investigations were conducted to realize the insights of this
divergent approach. Also, a variety of sulfoxides and sulfones were well tolerated under the current
protocol. This was also diversified to post-functionalization as well as to the late-stage modification of

molecules containing marketed drug scaffolds.

Chapter 7: Unveiling the Potency of a Phenalenyl-based Photocatalyst for Intramolecular
Dehydrogenative Lactonization: Numerous attempts to create coumarin scaffolds have met with
success owing to the extensive application of the benzo-3,4-coumarin skeletal unit in a broad range of

pharmaceuticals, fluorescent materials, and other fine chemicals. Therefore, in this chapter, an

Vi



intramolecular dehydrogenative lactonization reaction has been accomplished by combining a
phenalenyl-based organic photocatalyst and a Co(I1I) co-catalyst. Due to its extremely high excited state
redox potential, the phenalenyl motif could directly oxidise carboxylic acid derivatives to generate
carboxyl free radicals without the assistance of an external base. This protocol allows access to multiple
4-aryl-2H-chromen-2-ones by using the external oxidant K»>S,Os and shows diverse functional group
tolerance for biaryl-2-carboxylic acids. Moreover, the reaction was performed on a bulk scale with a

very good yield.
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