DESIGN AND SYNTHESIS OF CALIX[4]JARENE BASED

MOLECULAR PROBES

PREETI GOEL

DEPARTMENT OF CHEMISTRY
INDIAN INSTITUTE OF TECHNOLOGY DELHI
APRIL, 2015



© Indian Institute of Technology Delhi (I11TD), New Delhi, 2015



DESIGN AND SYNTHESIS OF CALIX[4]JARENE BASED

MOLECULAR PROBES

by

PREETI GOEL

Department of Chemistry

Submitted

in fulfilment of the requirements of the degree of

Doctor of Philosophy

Indian Institute of Technology Delhi

APRIL, 2015



DEDICATED
o,
MY PARFENTS



CERTIFICATE

This is to certify that the thesis titled “Design and synthesis of calix[4]arene based
molecular probes” being submitted by Ms. Preeti Goel to the Indian Institute of
Technology, Delhi, for the award of degree of Doctor of Philosophy is a record of bonafide
research work carried out by her. Ms. Preeti Goel has worked under my guidance and
supervision and has fulfilled the requirements for the submission of this thesis, which to my

knowledge has reached the requisite standard.

The results contained in this thesis are original and have not been submitted, in part or

full, to any other University or Institute for the award of any other degree or diploma.

Dr. H. M. Chawla

Professor of Chemistry

Department of Chemistry

Indian Institute of Technology, Delhi,
Hauz Khas, New Delhi- 110016



ACKNOWLEDGEMENTS

The personality | am most indebted to is my research supervisor Prof. H. M. Chawla,
who inculcated in me the spirit of scientific inquiry. Each and every meeting with him
provided new insights on the subject of my study and could only strengthen my resolve to
understand it better. He made learning and research most enjoyable by motivating
discussions and by asking interesting questions. His communication skills, leadership
qualities and integral view on research and his mission for providing 'only high-quality
work and not less', has left a deep impression on my mind. When | was struggling, he
constantly encouraged me not to give up. | also thank him for suggesting numerous
improvements in this thesis.

I would also like to thank all the past and present heads of the departments of Chemistry
at IIT Delhi for providing me necessary facilities required for the completion of this
research work.

I am thankful for the financial support provided by UGC as a Junior and Senior
Research Fellowship over a period of 5 years.

This thesis would be incomplete without words of gratitude to all my lab members who
helped me to make this thesis possible. To begin with, I would like to thank my seniors
Dr. Satish, Dr.Shubha, Dr. Jyotsna and Dr. Parminder for their timely help and
discussions regarding various intricacies of research. | wish to extend my warmest
thanks to all my labmates Dr. Richa, Tanu, Priyanka, Sanjay, Ravi, Manoj, Nitin, Dr.
Shahid, Lakhbeer, Kuljeet, Bhawna, Pooja and Saurabh who have made our lab a
convivial place to work. Their kind support and guidance have been of great value in this
work. I am also extremely grateful for the help given by Mrs. Seema Arora (PS to Prof.

Chawla) and Rajesh Kumar (PA to Prof. Chawla)



I would also like to thank Mr. Keshav and Mr. Alok for recording the NMR data reported
in this thesis. The staff of the Instrumentation Laboratory of Chemistry Department also
deserves special mention.

A line of appreciation of course goes to some of my dearest friends Garima, Pinky,
Ashima and Soneya for their invariable support and indispensable help in achieving this
feat.

I am deeply indebted to my family for their unflagging love, patience and support
throughout my life, this dissertation is simply impossible without them. I put my deepest
sense of regards and gratefulness to my father Mr. R. K. Goel and mother Mrs. Kamlesh
Goel for their true blessings. I would like to offer a special thanks to my younger
brothers, Sachin Goel and Raman Goel for their moral support and invaluable advice
during some of the most difficult and demanding moments of my life.

Finally, and most important, | would like to thank the almighty GOD, for it is under his

grace that we live, learn and flourish. May your name be exalted, honored, and glorified.

PREETI GOEL



ABSTRACT

The thesis entitled, “Design and Synthesis of Calix[4]arene based Molecular Probes”
presents the research work carried out on the synthesis, characterization and applications
of some novel calix[4]arene derivatives achieved through modification, optimization and
innovation of procedures available in the literature. Synthesized new chemical entities
have been characterized by utilizing spectroscopic techniques (FT-IR, UV-Visible, H, **C
and high resolution mass spectral analysis) while their ion recognition potential has been
examined by using UV-Visible, NMR, fluorescence and colorimetric methods of analysis.
The accomplished research work has been divided into five chapters.

Chapter | of the thesis highlights some of the general aspects of molecular recognition.
An effort has been made to present an overview of various calixarene based receptors for
sensing cations and anions published in the scientific literature during the last ten years.
Chapter 11 of the thesis primarily focuses on the synthesis and characterization of some
new macrocyclic calix[4]arenes derivatives by incorporation of Schiff base unit as binding
site and oxalylamido and coumarinyl groups as signaling unit both at the upper and lower
rims of the calix[4]arene molecular architecture.

Chapter 111 describes the experiments done to examine the synthesized molecular
receptors for their interaction with various cations in the form of their perchlorate salts
through the use of colorimetric change, UV-visible, fluorescence, IR and mass
spectroscopy. The synthesized calix[4]arene derivatives exhibit selective binding with
Cu®" in preference to related transition metal ions and elicit distinct color change through a
1:1 binding stoichiometry.

Chapter 1V describes the research work done on the synthesis and characterization of

novel calixarene derivatives for multi-ion recognition. The synthesis involves



modification of calixarene scaffold at the lower rim through bis(2-
aminophenyl)isophthalamidoyl group as well naphthalene units

Chapter V describes the experiments done to evaluate the molecular receptors whose
synthesis have been given in chapter IV for their interaction with various cations (as
perchlorate salts) and anions (as tetrabutylammonium salts) through the use of
colorimetric change, UV-visible, fluorescence, IR and mass spectroscopy. The synthesized
receptor exhibits selective recognition and high binding affinity for copper ions. The
resulting Cu®*-calixarene complexes have been determined to further utilize for the
detection of anions, i.e., HSO, and S*. Both molecular receptors have been found to

display a high selectivity and sensitivity for Cu?*, HSO4 and S7.
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NOTES

. All melting points reported in this thesis are uncorrected and have been recorded on an
electric melting point apparatus (Toshniwal, India).

UV-visible spectra have been recorded on Perkin Elmer’s (Lambda 35)
spectrophotometer.

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

Fluorescence spectra have been recorded on FL 3-11, Fluorolog-3 modular
spectrofluorometer with single Czerny-Turner grating excitation and emission
monochromators having 450 W Xe arc lamp as the excitation source and PMT as the
detector.

. 'H and *C NMR spectra have been recorded on a 300 MHz Bruker 300 DPX 300
instrument at room temperature in deuterated solvents (CDCl;, D,O, CD3;OD,
CD3;SOCD3) using tetramethylsilane (TMS) as an internal standard with the values of
chemical shifts reported on & scale. The abbreviations s, brs, d, dd, t, g and m indicate
singlet, broad singlet, doublet, double doublet, triplet, quartet and multiplet respectively.
FAB-mass spectra of the synthesized compounds have been recorded on a JEOL SX
102/DA- 6000 Mass Spectrometer at Central Drug Research Institute, Lucknow using m-
Nitrobenzylalcohol as the matrix and Argon/Xenon (6kV, 100mA) as the FAB gas.

. The high resolution mass spectra of the synthesized compounds have been recorded on a
micrOTOF-Q 11 10262 mass spectrophotometer in positive mode by ESI technique.

Elemental analysis has been carried on a Perkin Elemer’s 240C-CHN Analyzer.
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9.

10.

11.

12.

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.

Purification of the synthesized compounds has been carried out by column
chromatography over silica gel (60-120 mesh; Merck).

For the sake of convenience, the names of calixarene derivatives used in this thesis have
been shortened.

Abbreviations used in this thesis are:

DMF- N,N’-Dimethylformamide;

CDCls- Deuterated Chloroform

D,0- Deuterated water;

DMSO-ds- Deuterated dimethyl sulfoxide;

TBA- Tetra butyl ammonium.

THF- Tetrahydrofuran
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