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ABSTRACT 

 

The thesis titled, “BIO-INSPIRED CALIXARENE BASED MOLECULAR 

RECEPTORS” presents the research work carried out on the synthesis and applications 

of some novel calix[4]arene derivatives. The synthesis of new derivatives has been 

achieved through innovation, modification and optimization of procedures available in 

the literature. The characterization and conformational analysis of new chemical entities 

have been accomplished by employing various spectroscopic techniques, e.g., 
1
H and 

13
C 

NMR, FT-IR and UV-visible and mass spectrometry. The molecular recognition 

capabilities of synthesized calix[4]arenes have been evaluated by using uv-visible, 

fluorescence, cyclic voltammetric techniques and colorimetric analysis. The research 

work embodied in this thesis has been divided into six chapters. 

CHAPTER I of the thesis presents an overview of the salient features of scientific 

literature published on calix[4]arene based molecular receptors for ionic and bio-

molecule recognition.   

CHAPTER II of the thesis describes the recent work carried out on the design and 

synthesis of o-aminothiophenylcalix[4]arene derivatives for ionic recognition.  The 

structural characterization of the synthesized receptors and reference compounds has 

been achieved by FT-IR, 
1
H NMR, 

13
C NMR spectroscopy, and mass spectrometric 

techniques. The synthesized receptors have been evaluated for ionic recognition through 

uv-vis and fluorescence spectroscopic techniques.  

CHAPTER III describes the synthesis, characterization and evaluation of 2-{(2-(3-

calixaryloxy propylthio)-phenylimino)methyl)}naphthalene-2-ol (15) and 2-{(2-(3-

calixaryloxy propylthio)-phenylimino)methyl)}phenol (16). Both the receptors show 

different recognition characteristics despite the fact that both have the same 

functionalities for interaction with target ions and molecules. Evaluation studies were 



 

 v 

accomplished by employing uv-visible, fluorescence, 
13

C NMR, IR and mass 

spectrometry. 

CHAPTER IV of the thesis highlights the recent work on metallo-supramolecular 

complexes for recognition of amino compounds especially, the amino acids. It describes  

experiments conducted to explore recognition of natural amino acids through metallo-

supramolecular complexes of 2-{(2-(3-calixaryloxy propylthio)-

phenylimino)methyl)}naphthalene-2-ol (24), the synthesized receptor molecules is 

described in chapter III. It has been determined that the synthetic receptor exhibits a high 

selectivity towards copper ions from amongst a plethora of metal ions. The resulting 

Cu
2+

-calixarene complex has been examined for recognition of amino acids. It has been 

observed that in-situ generated supramolecular copper complex displays a high 

selectivity and sensitivity for recognition of l-histidine. 

CHAPTER V of the thesis describes the experiment carried out on the synthesis of 

novel heterocyclyl calix[4]arenes possessing substituted benzothiazolyl and tetrazolyl 

moieties at their lower rim.  

CHAPTER VI describes the experimental work accomplished for their evaluation of 

synthesized heterocyclic calix[4]arene derivatives for ionic recognition in aqueous 

medium. Preliminary binding studies indicate that the heterocyclyl calixarenes are useful 

targets for determination of toxic metal ions such as mercury ions in aqueous medium 

through uv-visible, 
1
H NMR spectroscopic and fluorescence measurement.   
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Notes 

 
 

1. All melting points reported in this thesis are uncorrected and have been recorded 

on an electric melting point apparatus (Toshniwal, India). 

2. UV-visible spectra have been recorded on Perkin Elmer’s (Lambda-3B) 

spectrophotometer. 

3. FT-IR spectra have been recorded on KBr discs on a [5-DX] Nicolet FT-IR 

spectrophotometer. 

4. Fluorescence spectra have been recorded on FL 3-11. Fluorolog-3 modular 

spectro-fluorometer with single Czerny-Turner grating excitation and emission 

monochrometers having 450 W Xe arc lamp as the excitation source and PMT as 

the detector. 

5. 1
H-NMR and 

13
C-NMR spectra have been recorded on a 300 MHz Bruker DPX 

300 instrument at room temperature in deuterated solvents (CDCl3 and DMSO, 

using tetramethylsilane (TMS) as an internal standard with the values of chemical 

shifts reported on δ scale. The abbreviations s, br s, d, t, q and m indicate singlet, 

broad singlet, doublet, triplet, quartet and multiplet respectively. 

6. The high resolution mass spectra of the synthesized compounds have been 

recorded on a micro TOF-Q 11 10262 mass spectrophotometer in positive mode 

by ESI technique.  

7. Elemental Analysis has been carried on a Perkin Elmer’s 240C-CHN Analyzer. 

8. Cyclic (CV) and squarewave voltammetric (SWV) analysis was performed by 

using an AUTOLAB PG-STAT 100 cyclic voltammeter (Metrohm Ltd. 

Switzerland) fitted with three electrodes consisting of a glassy carbon working 

electrode (conducting area of 3 mm diameter), a platinum wire counter electrode 

and an Ag/Ag
+
 reference electrode.  
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9. The completion of the reactions have been monitored by thin layer 

chromatography performed on silica gel (Silica gel-G; Merck) coated glass plates 

using iodine for visualizing the spots. 

10. Purification of the synthesized compounds has been carried out by column 

chromatography over silica gel (60-120 mesh; Merck) or by flash chromatography 

(230-400 mesh). 

11. The solvents used have been purified and dried before use by procedures 

described in “Purification of Laboratory Chemicals” by W. L. F. Amarego and D. 

D. Perrin, Bath Press and Bath, Britain. 

12. For the sake of convenience, the names 5,11,17,23-tetra-p-tert-butyl-25,26,27,28-

tetrahydroxy-calix[4]arene and 5,11,17,23-tetra-H-25,26,27,28-tetrahydroxy-

calix[4]arene have been commonly referred to as p-tert-butylcalix[4]arene  and 

calix[4]arene (or debutylated calix[4]arene) respectively.  
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Abbreviations 

 

CDCl3  - Deuterated chloroform; 

D2O  - Deuterated water; 

DMSO  -  Dimethylsulfoxide; 

CH3OH - Methanol 

DCM  - Dichloromethane; 

DMF  - N,N’-Dimethylformamide; 

DMSO-d6 - Deuterated Dimethyl sulfoxide; 

TBA   Tetrabutylammonium; 

TBAHSO4
-  

- Tetrabutyl ammonium hydrogen sulfate; 

NaH  - Sodium hydride; 

Ka  - Association constant; 

LOD  - Limit of detection. 

THF  - Tetrahydrofuran; 
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