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ABSTRACT

This study reports the synthesis, characterization and catalytic activities of
palladium(II) Schiff base complexes, both as homogeneous and MCM-41 supported
heterogeneous catalysts for cross-coupling C-C bond formation reactions. Three broad
groups of inexpensive Schiff base ligands (L1, L2 and L3) have been synthesized
through condensation process between four benzylamine derivatives with aldehyde or
ketone in 1:1 molar ratio. 12 ligands and 20 metal complexes of Pd(II) and Ni(II) have
been successfully obtained. The metal complexes were prepared through the
complexation reaction between the Schiff base ligands with Pd(II) and Ni(II) acetates
in a 2:1 molar ratio. All the synthesized ligands and complexes have been
characterized using CHN elemental analysis, infrared, 'H and C NMR, UV-Visible,
melting point determination, molar conductance and magnetic susceptibility. The
molecular geometries of ten complexes namely PdL1c, PdL1d, NiL1c, NiL1d, PdL2a,
PdL2d, PdL3b, PdL3c, PdL3d and NiL3d have been solved by single crystal X-ray
crystallography. It revealed that these Schiff bases behave as bidentate ligands,
coordinating through the imine N and phenolic O donor atoms, as also shown by the
infrared data. Magnetic susceptibility suggests square planar Pd(II) and Ni(Il)
complexes, while non-electrolytic behaviour indicated the absence of ions in
chloroform. PdL3a, PdL3b, PdL3c and PdL3d have been chosen to catalyze the Heck
and Suzuki cross-coupling reactions because of their good performances in the
screening phase. Three parameters have been chosen for optimization of the reaction
conditions, which were types of bases, catalyst loadings and reaction temperatures.
This study has found that the complexes performed well at a relatively low catalyst
loading of 1 mmol%. They were effective catalysts for Heck reaction of iodobenzene
with methyl acrylate to form methyl cinnamate and for Suzuki reaction of
iodobenzene with phenylboronic acid to form 1,1°-biphenyl where the conversions of
iodobenzene reached up to 100% at 100°C within 24 hours of reaction time. For the
heterogeneous catalytic investigations, two modified MCM-41 moieties, namely
MCM-41-Pd-Ovan and MCM-41-PdL3c, were investigated. The PdL3c complex was
chosen for heterogeneous catalytic study due to its superior performance during
homogeneous catalysis study. The synthesized MCM-41 supported species were
characterized using CHN elemental analysis, ICP-OES, infrared, XRD, TGA-DTA,
BET and nitrogen sorption and FESEM-EDX analyses. ICP-OES data revealed that
the palladium loading in MCM-41-Pd-Ovan and MCM-41-PdL3c were 0.259 and
0.097 mmolg™, respectively. Both were found to be moderately good catalysts. Some
leaching of active species in reaction mixtures especially for the MCM-41-Pd-Ovan
was detected. The leaching was found to be less extensive for the MCM-41-PdL3c. As
additional work in this study, six metal complexes namely PdL1c, PdL1d, PdL3d,
NiLlc, NiLld and NiL3d have undergone antibacterial investigation as a
representatives group. The complexes have shown a little or no inhibition against E.
coli, B. subtilis and S. aureus, most likely due to the low solubility of the complexes
in DMSO solvent.

iv



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1 Background of Study
1.1.1 Schiff Base Ligands
1.1.2 Formation of Schiff Bases
1.1.3 Palladium
1.1.4 Square Planar Complexes
1.1.5 Catalysis
1.1.5.1 Types of Catalysis
1.1.5.2 Mechanism of Catalysis
1.2 Problem Statement
1.3 Objectives
1.4 Scope and Limitation
1.5 Significance of Study
1.6 Thesis Outline

CHAPTER TWO: LITERATURE REVIEW

2.1 Metal Complexes of Schiff Bases

2.2 Transition Metals in Organic Chemistry

2.3 Palladium Catalyzed Cross Coupling Carbon-Carbon Bond Formation

vi

Page
ii

iii

iv

vi
xii
XV

Xix

xxi

00 ~J O W B W = e e

e S e S
o 0 N N O

20
20
21
22



2.3.1 General Reactivity
2.4 Palladium Catalyzed Heck Reaction
2.5 Palladium Catalyzed Suzuki Reaction
2.6 Immobilization of Catalysts
2.6.1 Mesoporous Silica Support (MCM-41)
2.6.2 Mesoporous Silica in Catalysis
2.6.3 Synthesis of MCM-41
2.7 Heterogenization of Homogeneous Palladium Catalyst
2.7.1 Immobilization Methods
2.7.1.1 Template Loading or Sequential Immobilization
2.7.1.2 Direct Loading or Post-Synthesis Immobilization
2.8 Heterogeneity Test
2.8.1 Palladium Leaching
2.8.1.1 Hot Filtration Test
2.8.1.2  Quantification of Palladium in Solid Catalyst

CHAPTER THREE: METHODOLOGY
3.1 Materials and Instrumentation
3.1.1 Elemental Analysis (CHN)
3.1.2 Infrared Spectroscopy
3.1.3 'Hand ">C NMR Spectroscopy
3.1.4 Melting Point Determination
3.1.5 Magnetic Moment
3.1.6 Molar Conductance
3.1.7 UV-Vis Spectroscopy
3.1.8 Single Crystal X-ray Crystallography
3.1.9 X-ray Diffraction (XRD)
3.1.10 Inductively Coupled Plasma Optical Emission Spectroscopy
(ICP-OES)
3.1.11 Brunauer-Emmett-Teller (BET) and N, Sorption
3.1.12 Thermogravimetric  Analysis-Differential Thermal Analysis
(TGA-DTA)
3.1.13 Field Emission Scanning Electron Microscope with Energy
Dispersive X-ray Analysis (FESEM-EDX)

vii

24
25
30
34
35
36
36
38
40
41
43
45
45
46
47

48
48
48
48
49
49
50
50
50
51
51

51
52

33

53



	SYNTHESIS AND CHARACTERIZATION OF PALLADIUM(II) AND NICKEL(II) COMPLEXES OF SCHIFF BASES AND THE POTENTIAL OF THE PALLADIUM(II) COMPLEXES AS CATALYSTS FOR C-C BOND FORMATION
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.1.1 Schiff Base Ligands
	1.1.2 Formation of Schiff Bases
	1.1.3 Palladium
	1.1.4 Square Planar Complexes
	1.1.5 Catalysis

	1.2 PROBLEM STATEMENT
	1.3 OBJECTIVES
	1.4 SCOPE AND LIMITATION
	1.5 SIGNIFICANCE OF STUDY
	1.6 THESIS OUTLINE

	CHAPTER TWO LITERATURE REVIEW
	2.1 METAL COMPLEXES OF SCHIFF BASES
	2.2 TRANSITION METALS IN ORGANIC CHEMISTRY
	2.3 PALLADIUM CATALYZED CROSS COUPLING CARBON-CARBON BOND FORMATION
	2.3.1 General Reactivity

	2.4 PALLADIUM CATALYZED HECK REACTION
	2.5 PALLADIUM CATALYZED SUZUKI REACTION
	2.6 IMMOBILIZATION OF CATALYSTS
	2.6.1 Mesoporous Silica Support (MCM-41)
	2.6.2 Mesoporous Silica in Catalysis
	2.6.3 Synthesis of MCM-41

	2.7 HETEROGENIZATION OF HOMOGENEOUS PALLADIUM CATALYST
	2.7.1 Immobilization Methods

	2.8 HETEROGENEITY TEST
	2.8.1 Palladium Leaching


	CHAPTER THREE METHODOLOGY
	3.1 MATERIALS AND INSTRUMENTATION
	3.1.1 Elemental Analysis (CHN)
	3.1.2 Infrared Spectroscopy
	3.1.3 1H and 13C NMR Spectroscopy
	3.1.4 Melting Point Determination
	3.1.5 Magnetic Moment
	3.1.6 Molar Conductance
	3.1.7 UV-Vis Spectroscopy
	3.1.8 Single Crystal X-ray Crystallography
	3.1.9 X-ray Diffraction (XRD)
	3.1.10 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)
	3.1.11 Brunauer-Emmett-Teller (BET) and N2 Sorption
	3.1.12 Thermogravimetric Analysis-Differential Thermal Analysis (TGA-DTA)
	3.1.13 Field Emission Scanning Electron Microscope with Energy Dispersive Xray Analysis (FESEM-EDX)
	3.1.14 Gas Chromatography Flame Ionization Detector (GC-FID)

	3.2 SYNTHESIS OF LIGANDS
	3.2.1 Synthesis of LI Series of Ligands
	3.2.2 Synthesis of L2 Series of Ligands
	3.2.3 Synthesis of L3 Series of Ligands

	3.3 SYNTHESIS OF METAL COMPLEXES
	3.3.1 Synthesis of Palladium(II) Complexes
	3.3.2 Synthesis of Ni(II) Complexes

	3.4 CATALYTIC TESTING OF HOMOGENEOUS PALLADIUM(II) SCHIFF BASE CATALYSTS
	3.4.1 Heck Reaction
	3.4.2 Suzuki Reaction

	3.5 SYNTHESIS OF MESOPOROUS SILICA (MCM-41)
	3.5.1 Synthesis of Mesoporous MCM-41 Support
	3.5.2 Synthesis of Functionalized MCM-41 (MCM-41-APTES)
	3.5.3 Grafting of 0-vanillin (ovan) on Functionalized Silica (MCM-41-Ovan)
	3.5.4 Synthesis of MCM-41-Pd-Ovan Catalyst (ROUTE 1; Template Loading)
	3.5.5 Synthesis of MCM-41-PdL3c Catalyst (ROUTE 2; Direct Loading)

	3.6 REUSABILITY (RECYCLABILITY) TEST OF HETEROGENEOUS PALLADIUM(II) SCHIFF BASE CATALYSTS
	3.7 HETEROGENEITY TESTS
	3.7.1 Hot Filtration Tests
	3.7.2 Determination of Palladium Content of Recovered Catalysts


	CHAPTER FOUR RESULTS AND DISCUSSION
	4.1 GENERAL INVESTIGATION ROUTES
	4.2 SCHIFF BASE LIGANDS AND THEIR COMPLEXES
	4.2.1 Elemental Analysis
	4.2.2 Infrared Spectroscopy
	4.2.3 Nuclear Magnetic Resonance (NMR) Spectroscopy
	4.2.4 UV-Visible Spectroscopy
	4.2.5 Molar Conductance and Magnetic Moment
	4.2.6 Single Crystal X-ray Crystallography

	4.3 CATALYTIC ACTIVITY OF HOMOGENEOUS REACTION
	4.3.1 Screening for Suitable Catalysts
	4.3.2 Optimization of the Reaction Conditions
	4.3.3 Catalytic Activity of Homogeneous Heck Reaction
	4.3.4 Catalytic Activity of Homogeneous Suzuki Reaction

	4.4 CHARACTERIZATION OF MESOPOROUS SUPPORT (MCM-41)
	4.4.1 Elemental Analysis
	4.4.2 Infrared Spectroscopy
	4.4.3 Powder X-ray Diffraction (XRD)
	4.4.4 Thermogravimetric Analysis-Differential Thermal Analysis (TGA-DTA)
	4.4.5 BET Surface Area and N2 Sorption
	4.4.6 Field Emission Scanning Electron Microscopy with Energy Dispersive X-ray Analysis (FESEM-EDX)

	4.5 CATALYTIC ACTIVITY OF HETEROGENEOUS REACTION
	4.5.1 Reusability of Catalyst
	4.5.2 Heterogeneity Tests


	CHAPTER FIVE CONCLUSION
	5.1 CONCLUSION
	5.2 SUGGESTIONS

	CHAPTER SIX MISCELLANEOUS WORK ANTIBACTERIAL INVESTIGATION OF SCHIFF BASE COMPLEXES
	6.1 INTRODUCTION
	6.2 METHODOLOGY
	6.2.1 Materials
	6.2.2 Target Microorganisms
	6.2.3 Qualitative Antibacterial Assay

	6.3 RESULTS AND DISCUSSION
	6.3.1 Antibacterial Activity

	6.4 CONCLUSION

	REFERENCES
	APPENDICES



