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ABSTRACT

The thesis entitled " Development of transition metal catalysts for C-H bond
functionalization of aryl ketones, sulfones, and carboxamides" presents the results obtained
from the research work carried out on the development, characterization, and application
of transition metal complexes and organometallic compounds as catalysts for the oxidative
functionalization of ketones and sulfones using alcohols and C-H bond functionalization
of aryl and ferrocene carboxamide derivatives. The accompanied research work has been

divided into seven chapters.

Chapter 1 of the thesis begins with a brief discussion of the traditional C-H bond
functionalization reactions and classical organic condensation reactions for the formation
of new C-C bonds. This thesis centers around the development of various transition metal
complexes and organometallic compounds and their application for C-H bond alkylation
of ketones and sulfones using alcohols and C-H bond arylation/alkylation of aryl/ferrocene
carboxamides. The first chapter of the thesis deals with a detailed discussion on the
sustainable pathways and directing group enabled C-H bond functionalization reactions.
After that, various methodologies have been discussed to carry out the reactions in aqueous
medium. This is followed by a detailed discussion of the previous works carried out for the
synthesis of a-alkylated ketones, quinolines, and directing group enabled C-H bond
functionalization of ferrocene and aryl carboxamides. In the last section of this chapter, a
brief background of the use of sulfones in chemical reactions and recent developments for
the synthesis of branched sulfones has been portrayed. The chapter ends with the scope of

the present work carried out and reported in the thesis.



Chapter 2 describes the general experimental procedures adopted for the synthesis of new
compounds and details of utilized characterization techniques. Specific synthetic details of

the starting materials described in the thesis are also presented.

Chapter 3 describes the ruthenium-catalyzed synthesis of a-alkylated ketones and
quinolines in an aqueous medium via a hydrogen-borrowing strategy. In this methodology,
various acetophenone or secondary alcohols were used as substrates, and benzyl alcohol
derivatives as the sustainable and greener alkylating agents. In the reaction, a water-soluble
and air-stable [Ru(8-AQ)CI(p-cymene)]Cl complex has been used as the catalyst, in the
presence of KO'Bu base in an aqueous medium. From control experiments, it was found
that the reaction follows the borrowing hydrogen strategy in synthesizing functionalized
ketones and quinolines. Our methodology is also applicable for the large-scale synthesis of
target products and it generated H>O molecules and H» gas as side products during the

reaction.

Chapter 4 describes a directing group-enabled ‘on-water’ methodology for the bis C-H
bond functionalization of ferrocene carboxamide derivatives. In this work, 8-
aminoquinoline and picolinamide were used as bidentate directing groups and Pd(OAc):
as a catalyst in an aqueous medium. The substrate scope showed the applicability of this
reaction in the presence of electron-donating as well as electron-withdrawing substrates.
The insoluble nature of the substrates, reagents, and products, helped us to explore the
reusability of the solvent i.e. water, and the catalyst for further reaction cycles. Due to the
‘on-water’ reaction conditions, our methodology requires less catalyst loading to carry out
the reaction compared to previous reports which makes our procedure greener and more

efficient as compared to reported methodologies. Control experiments were carried out to

VI



understand the mechanistic pathway which suggests the in situ formation of palladacycle

during the reaction.

Chapter S describes the C-H bond functionalization of aryl acids and benzyl/naphthyl
amine derivatives using bidentate directing groups under the ‘on-water’ reaction
conditions. In this methodology, selective mono and bis C-H bond functionalization was
achieved using suitable directing groups. To show the applicability of this methodology,
late-stage functionalization of pharmaceutically important molecules and large-scale
synthesis of products were also shown. The reusability experiments of catalysts and
solvents make this methodology more sustainable and efficient compared to the previous
reports. For further derivatization of the functionalized products, directing group removal
reactions were also successfully attempted. In addition to substrate scope, control
experiments have also been carried out to find out the possible palladacycle intermediate

and the reaction pathway.

Chapter 6 deals with the reactions involving an earth-abundant manganese catalyst for the
o—C-H bond alkylation of sulfones using alcohols as sustainable alkylating agents. A
(NNN)Mn(II)Cl> catalytic system has been developed by using an inexpensive metal
precursor and commercially available ligands for the synthesis of branched sulfones.
Control experiments suggested that the Mn-catalyst follows the hydrogen borrowing

pathway in synthesizing branched sulfones.

Chapter 7 gives the overall conclusions of the entire work carried out in the present study.
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e vae et 2fien 2, "ufet hel=, Hewhin 1R FlalrITHIS S & e~ e
& BT HBHHT & fei T THehHUT eI ISR T I S TH siehigeT oT ST s i
3TR TEHIT BT 3iTRTIhd HrITHBHROT AT TR 3R TR SBraliaHTsS Aifiich T Hle--
ETSSIoT G & HIATHHEHRUT A & foll IARS & wU B IUTNT §T HHHOT &g i 3iR -
eTfedes TfTTenT 3 faeTT, wteroT qui 3R 3y WR fohw 11U eiter sorat & ufkoma &Y e T
T § | Herr el i ol T srearat B fqwifSra fear man 81
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g NI UaeT 3Tehlget ol SUTNT b bl 3R HethI= T 3T e T cHehahRUT adT UReT
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