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ABSTRACT

The thesis entitled, “Metal-Organic Frameworks Supported Single-site Base-metal Catalysts
for Organic Transformations™ deals with the development and characterization of robust single-
site solid catalysts based on metal-organic frameworks for carrying out various kind of organic
transformation reactions to produce chemically important feedstock for industrially important
compounds. Numerous possibilities of designing MOFs based catalyst including metalation
with broad range of metals, large pore size and high surface area, and easy synthetic route make
MOF advantageous for liquid phase reactions, characteristic of fine chemistry. Targeting the
development of real industrial processes based on MOFs, usage of it as a heterogeneous catalyst
is still under intense investigation. Considering the added value of fine chemicals and the
typical reaction conditions for their production, MOFs appear to be very promising catalysts in
this sector. Therefore, my thesis work focuses on synthesis and characterization of single-site
solid catalyst based on MOFs and its application towards organic transformation reactions like

C-H borylation, asymmetric reactions, CO utilization etc.
The thesis is divided into six chapters.
Chapter I- Introduction

This chapter deals with a brief overview of single-site solid catalyst based on Metal-Organic
Frameworks. It also includes survey of literature highlighting recent studies on Metal-Organic

Frameworks based catalysis with a brief mention of the historical background.
Chapter 11- General Experimental Techniques

This chapter describes the source of various chemicals used for this thesis. The experimental
procedures for the drying of solvents, purification of reagents and products, handling of air and
moisture sensitive compounds are stated. The detailed description regarding the instruments
used for the characterization of the catalysts and compounds are furnished. Further, the details

about the software used for theoretical studies are mentioned.

Chapter I11- Amino Acid-Functionalized Metal-Organic Frameworks for Asymmetric

Base-Metal Catalysis.

This chapter deals with designing a chiral metal catalyst based on MOF for sustainable
production of chiral active pharmaceutical ingredients by replacing precious and toxic metals

and expensive chiral ligands with earth abundant base metals and naturally occurring amino



acids as a chiral source for asymmetric catalysis. The grafting of amino acids within the pores
of a metal-organic framework (MOF), followed by post-synthetic metalation with iron
precursor afforded highly active and enantioselective catalysts. The catalytic efficiency of the
synthesized catalyst was explored in asymmetric hydrosilylation and hydroboration of carbonyl
compounds. Moreover, based on certain spectroscopic and computational studies, a catalytic

cycle for asymmetric hydrosilylation of unsymmetric ketone was proposed.

Chapter V- Mono-Phosphine Metal-Organic Framework-Supported Cobalt Catalyst for

Efficient Borylation Reactions.

The synthesis and characterization of a metal-organic frameworks (MOFs) supported
monoligated phosphine-cobalt complex has been reported, which is an active heterogeneous
catalyst for aromatic C-H borylation and alkene hydroboration reactions us discussed in this
chapter. The synthetic procedure for producing mono(phosphine)-Co catalyst (MOF-P-Co),
which is the active catalyst for the catalysis reactions was stated, which was done via post
synthetic metalation of the porous triarylphosphine-functionalized MOF (MOF-P) with CoCl;
followed by treatment with NaEtsBH. The catalytic properties and the reaction mechanism of
MOF-P in C-H borylation reaction was studied and a catalytic cycle was proposed using

spectroscopic and computational studies.

Chapter V- Single-site Cobalt-Catalyst Ligated with Pyridylimine-Functionalized Metal-
Organic Framework (MOF) for Arene and Benzylic Borylation.

This chapter includes the synthesis and characterization of highly active single-site
heterogeneous cobalt-catalyst, based on a porous and robust redox non-innocent ligated
pyridylimine functionalized metal—organic frameworks (pyrim-MOF). The synthetic route of
pyrim-MOF was discussed. Moreover, the catalytic activity of the pyrim-MOF was studied in
chemoselective dehydrogenative borylation of C—H bonds of various activated as well as
unactivated arenes and heterocyclic compounds using B2zpin2 or HBpin (pin = pinacolate) as
the borylating agent. Based on theoretical and spectroscopic evidence, a catalytic cycle for C-

H borylation reaction was proposed.



Chapter VI- Metal-Organic Framework Supported Single-Site Cobalt Catalyzed

N-Formylation of Amines utilizing CO2 as a C1 source.

In this chapter, the development of single site, robust and chemoselective earth-abundant
cobalt(Il) hydride metal catalyst based on porous Aluminum Metal-Organic Frameworks
(MOFs) (DUT-5) is studied for N-formylation of amines in different reaction conditions. The
preparation of active cobalt catalyst (DUT-5-CoH) by post-synthetic metalation of the
secondary building units (SBUs) of DUT-5 with CoCl> followed by the reaction with NaEtsBH
is mentioned. The catalytic efficiency of MOFs in the formation of N-formaldehyde products
from various alkyl amines and substituted benzylamines in mild condition, using CO2 asa C1
source was investigated. Furthermore, the catalytic cycle for N-formylation of amines were

proposed based on computational studies.

Vi
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