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ABSTRACT 
 
The thesis titled “DESIGN AND SYNTHESIS OF CALIXARENE BASED 

MOLECULAR SCAFFOLDS FOR IONIC RECOGNITION” presents the research 

work carried out on the synthesis and applications of some novel calix[4]arene 

derivatives through modification, optimization and innovation of procedures available in 

the literature. New chemical entities have been identified by utilizing spectroscopic 

techniques (FT-IR, UV-visible, 1H, 13C and high resolution mass spectral analysis) while 

their recognition characteristics have been examined by using UV-Visible, NMR, 

fluorescence and colorimetric methods of analysis. The accomplished research work has 

been divided into five chapters as given below: 

Chapter 1 of the thesis highlights some of the general aspects of molecular recognition. 

An attempt has been made to present an overview of literature published on calixarene 

based supramolecular assemblies for their prominent applications to ionic and molecular 

recognition. 

Chapter 2 of the thesis primarily focuses on the synthesis and characterization of new 

macrocyclic calix[4]arenes by incorporation of nitrogenous unit as binding site and 

anthraquinonoidal group as signaling unit in the calix[4]arene molecular architecture. The 

synthesized receptor recognizes zinc ions with high sensitivity and no interference from 

Cd2+ or other related metal ions examined. Quantitative UV-visible and fluorescence 

spectral measurements have been employed to unravel the nature and the stoichiometry 

of the target-molecular receptor interaction. 
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Chapter 3 describes the experiments done to achieve the synthesis of fluorescein 

appended calix[4]arene derivatives. The synthesized receptors were examined for their 

interaction with various cations in the form of their perchlorate salts through the use of 

UV-visible, fluorescence, 13C NMR, IR and mass spectroscopy. The fluorescein 

appended calix[4]arene derivatives exhibit selective binding with Cu2+ in preference to 

related transition metal ions and elicit distinct color change through a 1:1 binding 

stoichiometry. 

Chapter 4 of the thesis embodies the synthesis of novel calix[4]arene based receptors 

that possess the quinoline function at their upper rim. The synthesized receptor exhibits 

selective recognition and high binding affinity for copper ions. The resulting 

Cu2+.calixarene complex has been determined to further recognize cyanide ions as 

confirmed by mass and fluorescence spectroscopy. 

Chapter 5 of the thesis describes the synthesis of calix[4]-bis-2-naptho-crown-[6] 

through a series of reactions and optimization of reaction parameters. Preliminary 

investigations on the recognition properties of synthesized molecular receptor reveal that 

it is useful for the extraction of cesium ions. This chapter also presents the synthesis of 

novel tert-butylcalix[4]arene. A study on its interaction with various cations through 

fluorescence spectroscopic analysis reveals that it is highly selective towards copper ions 

in preference to other transition metal ions through a 1:1 binding stoichiometry.  

 

 



vi 
 

TABLE OF CONTENTS                   

 Page No. 

ABSTRACT iv 

LIST OF FIGURES AND SCHEMES xii 

NOTES xviii 

CHAPTER I: PRINCIPLES OF MOLECULAR ORGANIZATION 
FOR IONIC AND MOLECULAR RECOGNITION 

 

1.1 MOLECULAR RECOGNITION AND ITS PRINCIPLES 1 

1.2 MOLECULAR RECOGNITION SYSTEMS 2 

1.3  CALIXARENES 3 

  1.3.1 Synthesis of calix[n]arenes 4 

       (a) Base catalyzed condensation reactions 4 

       (b) Acid catalyzed condensation reactions 7 

1.3.2 Structural and conformational characteristics of calix[n]arenes 7 

  1.3.3 Molecular recognition properties of calix[4]arene 10 

       1.3.3.1 Calix[4]arene based sensors   10 

(a) Alkali and alkaline earth metal ion sensors 11 

(b) Transition metal ion sensors 17 

(c) Lanthanide and actinide ion sensors 29 

(d) Anion Sensors 32 

(e) Amino acid and amine recognition 40 

1.4 AIM OF THE THESIS 42 

1.5 CONCLUSIONS 42 



vii 
 

1.6 REFERENCES 43 

CHAPTER II: SYNTHESIS AND EVALUATION OF 
ANTHRAQUINONOIDAL CALIX[4]ARENES FOR 
RECOGNITION OF ZINC IONS 

 

2.1 INTRODUCTION 66 

  2.1.1 Functionalization of calix[4]arene 66 

  2.1.2 Zn2+ recognition by lower rim 1, 3- calix[4]arene conjugates 68 

2.2 PRESENT WORK 72 

2.3 RESULTS AND DISCUSSION 74 

  2.3.1 Synthesis of anthraquinonoidal calix[4]arene 74 

  2.3.2 Characterization of products 77 

       2.3.2.1 IR spectral characterization  of 19 and 20 77 

       2.3.2.2 Mass spectral characterization of 19 and 20 78 

       2.3.2.3 NMR spectral characterization of 19 and 20 78 

  2.3.3 Evaluation of anthraquinonoidal calix[4]arene for recognition of 
cations 

81 

       2.3.3.1 UV-visible titration experiment of 19 with metal ions 81 

(a) Qualitative interaction studies 81 

(b) Quantitative interaction studies 83 

       2.3.3.2 Job’s continuous variation plot of 19 with Zn2+ 84 

       2.3.3.3 Anthraquinonoidal calix[4]arene (19) as fluorescence sensor 85 

       2.3.3.4 1H NMR spectroscopic studies 93 

2.4 CONCLUSIONS 94 

2.5 EXPERIMENTAL 95 



viii 
 

2.6 REFERENCES 101 

CHAPTER III: SYNTHESIS AND EVALUATION OF NEW 
CALIX[4]ARENE BASED TURN ON FLUORESCENCE SENSORS 

 

3.1 INTRODUCTION 106 

  3.1.1 Need for turn on type of sensors for copper ions 106 

  3.1.2 Calixarene based ‘turn on’ sensor molecules for copper ions 108 

3.2 PRESENT WORK 112 

3.3 RESULTS AND DISCUSSION 113 

  3.3.1 Synthesis of fluorescein hydrazide 113 

  3.3.2 Characterization of fluorescein hydrazide 113 

  3.3.3 Synthesis of fluorescein appended calix[4]arenes 114 

  3.3.4 Characterization of fluorescein appended calix[4]arenes 116 

       3.3.4.1 IR spectral analysis of 16 and 17 116 

       3.3.4.2 Mass spectral analysis of 16 and 17 116 

       3.3.4.3 NMR spectral characterization of 16 and 17 116 

  3.3.5 Preliminary evaluation of synthesized molecular receptors for    
            cation recognition studies 

119 

       3.3.5.1 Colorimetric studies 119 

       3.3.5.2 UV-visible studies in Acetonitrile      120 

(a) Qualitative interaction studies 120 

(b) Quantitative interaction studies  122 

       3.3.5.3 Ion sensing studies in mixed organic- aqueous medium 123 

       3.3.5.4 UV-visible studies in protic medium 124 

       3.3.5.5 Job’s continuous variation plot of 16 for its interaction  
                    with Cu2+ ions 

127 



ix 
 

       3.3.5.6 Ion recognition potential of synthesized fluorescein    
                   appended calix[4]arenes as fluorescence chemosensors            

128 

       3.3.5.7 Fluorescence studies in mixed organic-aqueous medium 132 

       3.3.5.8 Reversibility of sensing system 134 

       3.3.5.9 Binding model of 16.Cu2+ complex 134 

       3.3.5.10 Discussion 135 

3.4 CONCLUSIONS 136 

3.5 EXPERIMENTAL 136 

3.6 REFERENCES 144 

CHAPTER IV: STRATEGIES FOR OBTAINING NOVEL 
MOLECULAR RECEPTORS FOR CYANIDE IONS 

 

4.1 DESIGN PRINCIPLES FOR CYANIDE SENSING 148 

  4.1.1 Design of molecular receptors for cyanide ions 149 

  4.1.2 Cyanide sensors based on displacement approach 150 

4.2 PRESENT WORK 154 

4.3 RESULTS AND DISCUSSION 155 

  4.3.1 Synthesis of precursor compounds 155 

  4.3.2 Synthesis of quinoline appended calix[4]arenes 156 

  4.3.3 Characterization of the products 157 

       4.3.3.1 Characterization of compound 15(b) 157 

       4.3.3.2 Characterization of compounds 16(a) and 16(b) 158 

       4.3.3.3 Characterization of compounds 17(a) and 17(b) 159 

       4.4.3.4 Characterization of compound 19 160 

       4.4.3.5 Characterization of compound 20 162 



x 
 

  4.3.4 Novel quinoline appended calix[4]arene frameworks:  
fluorescence properties and ion sensing 

163 

       4.3.4.1. Quinoline appended calix[4]arenes as ion sensors 163 

       4.3.4.2 Anion recognition by utilizing cation displacement method 174 

4.4 CONCLUSIONS 180 

4.5 EXPERIMENTAL 181 

4.6 REFERENCES 186 

CHAPTER V: EXPERIMENTS ON OPTIMIZATION OF 
REACTION PARAMETERS FOR THE SYNTHESIS OF CALIX-
[4]-BIS-2-NAPHTHO-CROWN-[6] AND SYNTHESIS OF LOWER 
RIM LOOPED  tert-butylCALIX[4]ARENE 

 

5.1 INTRODUCTION 189 

  5.1.1 Calix[4]crown hybrid molecules 190 

5.2 PRESENT WORK 197 

5.3 RESULTS AND DISCUSSION 197 

  5.3.1 Synthesis of precursor compounds 197 

  5.3.2 Synthesis of Calix[4]-bis-2-naphtho-crown-[6] in 1,3- alternate 
conformation 

198 

  5.3.3 Characterization of products 199 

       5.3.3.1 Spectral characterization of products 48 and 50 199 

       5.3.3.2 Spectral characterization of product 52 201 

  5.3.4 Evaluation of extraction capability of synthesized molecular 
receptor 

203 

5.4 DISCUSSION 203 

5.5 Synthesis of lower rim looped tert-butylcalix[4]arene 205 

  5.5.1 Synthesis of precursor compounds 205 



xi 
 

  5.5.2 Synthesis of lower rim looped tert-butylcalix[4]arene 206 

  5.5.3 Characterization of products 206 

       5.5.3.1 Characterization of products 54 and 55 206 

       5.5.3.2 Characterization of lower rim looped tert-butylcalix[4]arene 208 

  5.5.4 Evaluation of lower rim looped tert-butylcalix[4]arene for 
recognition of cations 
 

209 

5.6 CONCLUSIONS 212 

5.7 EXPERIMENTAL 212 

5.8 REFERENCES 217 

CURRICULUM VITAE 223 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Richa Shukla.pdf
	1-Cover Page.pdf
	Copy Right Page
	2- dedicated to
	3- CERTIFICATE
	4- ACKNOWLEDGEMENTS
	5- ABSTRACT
	6- TABLE OF CONTENTS
	7- LIST OF FIGURES AND SCHEMES
	8- NOTES
	chapter 1 (2)
	chapter 1
	 (a) Base catalyzed condensation reactions

	chapter 2
	2
	3
	chapter 3
	4
	chapter 4
	5
	chapter 5
	CURRICULUM VITAE


