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ABSTRACT

The thesis entitled “Photoinduced regioselective C—C bond formation and transition metal-
catalyzed C-H activation” deals with the development of chemical reactions for the synthesis of
heterocyclic molecules via a relatively greener approach. Visible light catalyzed selective
construction of carbon—carbon bond has started to garner huge attention from chemists recently.
The attractiveness of such selective photoreactions is attributed to the synthetic utility for the
development of new reactions. We have developed regioselective C—C bond formation in
heterocyclic compounds, which leads to the construction of analogues to biologically active

molecules.

This dissertation comprises of five chapters. In the first chapter, the importance of photoredox
catalysis, photophysical and electrochemical process and types of photocatalysts with emphasis
on photoredox catalysis has been described. In the second part of the introduction chapter,
discussions on various types of oxidative coupling reactions employed in C—C bond formation

with the main emphasis on the dehydrogenative coupling of aromatic compounds is presented.

Chapter two describes a metal-free and mild, photoinduced decarboxylative alkylation of
coumarins at C4-position. Photoinduced single electron transfer has been initiated by utilizing
the visible-light absorptivity of Eosin Y for a reductive generation of alkyl radicals from N-
(acyloxy)-phthalimide esters. Depending on the nature of N-(acyloxy)-phthalimide esters
(primary, secondary, and tertiary carboxylic acid derived), several saturated and unsaturated C4-
alkylated coumarins were synthesized. To showcase the utility of the transformation for
diversifying carboxylic acids containing natural-products and drugs, also have been used for the

synthesis of coumarins derivative.

In chapter three development of Eosin Y catalyzed, photoinduced deaminative C4-position
alkylation of coumarins via C-N bond activation has been reported. We have attempted to
explore the reactivity of the radical intermediates generated by photocatalytic deaminative
alkylpyridinium salts with 3-substituted coumarins and its analogues. Various secondary and
benzylic amines derived pyridinium salts provided several exclusive unsaturated C-4 alkylated
coumarins. Further, control experiments studies supported a radical based mechanism for the

selective deaminative alkylation.



Chapter four deals with visible light-mediated regioselective functionalization of coumarins.
This methodology offered selective functionalization of the benzo ring rather than a heterocyclic
ring of coumarins. Several tertiary carboxylic acids derived N-(acyloxy)phthalimide (NHPI)
afforded exclusive C7-alkylated coumarins. Other carboxylic acid-containing drug derivative
NHPI also provided corresponding coumarin products. All synthesized coumarin derivatives in

this chapter are analogous to biological and pharmaceutical molecules.

In the fifth chapter, a transition metal-catalyzed regioselective, intramolecular, dehydrogenative
cross-coupling reactions at the C5 and C2 position of pyrrole derivatives have been described for
the synthesis of polyheterocyclic arenes, which is further divided into three subchapters.

In chapter 5a, we have disclosed a Cu-catalyzed, intramolecular dehydrogenative cross-coupling
in 3-substituted and 3’,4’-disubstituted pyrrole-azole systems. The site-selective C2-H activation
of unsymmetrically substituted pyrroles in presence of C5 position has been successfully
achieved in moderate to good yields for direct access to six- and seven-membered annulated
pyrroles, which is an important scaffold, considering the wide biological activity of nitrogen-
containing heterocycles.

Chapter 5b described the synthesis of polycyclic pyrrole-azole structures possessing fused six-
membered and seven-membered rings via ligand-enabled, Pd-catalyzed, site-selective,
intramolecular cross-couplings of N-substituted pyrrole-azoles. C5-H activation in the presence
of a reactive C2-H remains a challenge that needs to be addressed and this was targeted to be
resolved through the present approach by specifically generating the cyclized products with high
selectivity. The featured methodology provides a novel disconnection for the synthesis of pyrrole

containing alkaloids and medicinal compounds.

Chapter 5c deals a highly efficient and regioselective palladium-catalyzed annulation protocol
for a series of linear and terminally substituted 1,2 and 1,3-diheteroaryl alkanes to corresponding
polyheterocyclic arenes. Intramolecular oxidative coupling involving double C(sp?)-H bond
functionalization provides feasible access to a bi-heteroaryl system annulated into a six-
membered ring. The methodology is not only restricted to six-membered annulations but also

extended to the synthesis of the seven-membered ring with bi-heteroaryl core.
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Abbreviation
Ar
AcOLi
ACN
AgOAc
BFs.OEt>
Bn
Boc
‘Bu
BuLi
BusSnH
CDCls
CHCI.CHCI:
cm?
°C
Cu(OAcC)2
Cs2C0O3
CHsONa
CsF
DCM
DIPEA
DMA
DMAP
DMF
DABCO
DBU
d
dd

List of Abbreviations

Full form
Aryl
Lithium acetate
Acetonitrile
Silver acetate
Boron trifluoride etherate
Benzyl
tert-butyloxycarbonyl
tert-Butyl
n-Butyllithium
Tributyltin hydride
Deuterated chloroform
Tetrachloroethane
Wavenumbers
Degrees Celsius
Copper acetate
Cesium carbonate
Sodium methoxide
Cesium fluoride
Dichloromethane
N,N-diisopropylethylamine
Dimethylacetamide
N, N-Dimethylpyridin-4-amine
Dimethylformamide

1,4-diazabicyclo[2.2.2]octane

1,8-Diazabicyclo[5.4.0Jundec-7-ene

Doublet
Doublet of doublets
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ds-DMSO Deuterated dimethyl sulfoxide

d Chemical shift
ee Enantiomeric excess
ESI-TOF Electrospray ionization - Time-of-flight
EtOAC Ethyl acetate
EtOH Ethanol
FTIR Fourier transform infrared
H20 Water
HMPA Hexamethylphosphoramide
h Hour
In Indium
In(OTf)3 Indium trifluoromethanesulfonate
J Coupling constant
A Wavelength
K2COs Potassium carbonate
KF Potassium fluoride
KOH Potassium hydroxide
KO'Bu Potassium tert-butoxide
KOAc Potassium acetate
La(O'Pr)s Lanthanum isopropoxide
LDA Lithium diisopropylamide
LED Light-emitting diode
LiCl Lithium chloride
LIHMDS Lithium bis(trimethylsilyl)amide
min Minute
MTBE Methyl tert-butyl ether
m Multiplet
MBH Morita-Baylis-Hillman
MHz Megahertz
mL Millilitre

uL Microlitre
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NaOMe Sodium methoxide

NaOAc Sodium acetate
PC Photocatalyst
PhONa Sodium phenoxide
p-TsOH para-Toluenesulfonic acid
S Singlet
Sc(OTHf)3 Scandium trifluoromethanesulfonate
Na2,CO3 Sodium carbonate
rt Room temprature
NaO'Bu Sodium tert-butoxide
TBHP tert-butyl hydroperoxide
TBAF Tetra-N-butylammonium floride
TFA Trifluoroacetoc acid
TFFA Trifluoroacetic anhydride
TBS tert-butyldimethylsilyl
TBPB tert-butylperoxybenzoate
TIPS Triisopropylsilyl
‘BUOH tert-Butyl alcohol
THF Tetrahydrofuran
TMS Tetramethylsilane
TMSOTf Trimethylsilyl trifluoromethanesulfonate
TMSAN Trimethylsilyl acetonirile
Tr Trityl or triphenylmethyl
uv Ultraviolet
Yb(OTf)3 Ytterbium trifluoromethanesulfonate

Zn Zinc
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