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ABSTRACT

The thesis entitled " New Synthetic and Catalytic methods for the Oxidation of Benzyl
Amines, Benzyl Alcohols and Styrenes and Reduction of Levulinic Acid " presents the
results obtained from the research work carried out on the development, characterization
and application of organometallic, transition metal and main group based compounds as
catalysts and reagents for oxidation of amines, alcohols, styrenes and reduction of
levulinic acid to value-added chemicals. The accompanied research work has been

divided into seven chapters.

Chapter 1 of this thesis begins with a brief discussion on the chemistry and applications
of ferrocene. This is followed by a brief discussion of the literature around C-H bond
functionalization of ferrocene using directing group strategy and possible methods to
remove the directing groups from the functionalized ferrocene compounds. This is
followed by a section on ligand promoted palladium catalyzed oxidation of alcohols and
styrenes. A brief literature background on water soluble palladium complexes and six
membered trimeric palladium complexes has also been provided. In the last section of
this chapter, importance of levulinic acid, y-valerolactone (GVL), pyrrolidones and why
the use of biomass as a renewable energy source is significant for the development of
future ‘Green-Sustainable Society & Economy’ has been discussed. The detailed
literature background of recent developments on the synthesis of GVL and pyrrolidones
has also been portrayed.

The chapter ends with the objective of the present work carried out and reported in the

thesis.



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

of the starting materials described in the thesis are also presented.

Chapter 3 deals with picolinamide group assisted sp® C-H bond oxidation of methylene
groups bound to the phenyl ring, or the Cp ring of metal sandwich compounds to the
corresponding carbonyl compounds by using simple ferrocene as a catalyst and
Cu(OAC): or tert-butyl peroxybenzoate (TBPB) as oxidant under mild conditions. This
study represents an unprecedented use of picolinamide directing group and the
development of a novel methodology to remove the directing group via oxidation of a sp*
C-H bond to the corresponding carboxylic acids starting from benzyl amines. The
reaction mechanisms of these oxidative transformations both on phenyl ring as well as
the Cp ring of metal sandwich compounds were proposed by taking into account the

literature reports and control experiments.

Chapter 4 describes the synthesis, characterization and catalytic evaluation of new
trimeric, dimeric and monomeric palladium complexes with 8-aminoquinolines. A water
soluble, neutral palladium trimer complex having a (Pd-N)s core is synthesized by a
single pot method using 8- aminoquinoline in reasonably good yields at room
temperature. This chapter also represents the synthesis of cationic monomeric, dimeric
and trimeric palladium complexes with 2-methyl 8-aminoquinoline ligands. The catalytic
activity of the neutral trimeric palladium complex was explored for the oxidation of
alcohols to aldehydes using water as the solvent and oxygen as the green oxidant. The
cationic palladium complexes are used for the oxidation of styrenes to methyl ketones in

the presence of the green oxidant hydrogen peroxide. Single crystal X- ray diffraction

Vi



studies on all the new palladium complexes synthesized in this study has also been

presented.

Chapter 5 presents an efficient, metal-free, catalyst-free and solvent-free methodology
for the reductive amination of levulinic acid with different anilines using HBpin as the
reducing reagent. This protocol offers an excellent method to avoid solvents and added
catalysts for the synthesis of different kinds of N-substituted pyrrolidones under metal
free conditions. For the first time a hydroboration methodology is applied on biomass
derived levulinic acid, which contains a keto-acid bi-functional group. In addition to
substrate scope, control experiment studies and DFT studies have also been carried out to

find out the possible reaction pathway.

Chapter 6 presents the synthesis of the industrially important compound y-valerolactone
(GVL) from biomass derived levulinic acid. An efficient catalytic metal-free
methodology was developed for the synthesis of the green solvent y-valerolactone
directly from levulinic acid using I2/EtsSiH at room temperature with good yields. This
methodology is also explored on different keto acids. A hydrosilylation methodology is
applied in this study. The mechanism of the reaction is also proposed by taking into

account the literature reports and control experiments.

Chapter 7 gives the overall conclusions of the entire work carried out in the present

study.
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