SYNTHESIS AND APPLICATIONS OF
CALIX[4]ARENE AND
TETRATHIACALIX[4]ARENE DERIVATIVES

By

SUNEEL PRATAP SINGH
Department of Chemistry

Submitted
in fulfilment of the requirement of the degree of

Doctor of Philosophy

R

Indian Institute of Technology, Delhi
November, 2007



TH-3660,

Ty



Dedicated to My Parents



CERTIFICATE

This is to certify that the thesis entitled “SYNTHESIS AND APPLICATIONS
OF CALIX{4JARENE AND TETRATHIACALIX{4]/ARENE DERIVATIVES" being
submitted by Mr. Suneel Pratap Singh to the Department of Chemistry, Indian Institute
of Technology, Delhi, for the award of the degree of Doctor of Philosophy is a record of

bonafide research work carried out by him.

Suneel Pratap Singh 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 have not been submitted in part or in full 10

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

ot
(H. M. Chawla)

Thesis Supervisor

Professor,
Department of Chemistry,
Indian Institute of Technology,
New Delhi-110016, India.



ACKNOWLEDGEMENTS

This thesis is the result of almost five years of work whereby 1 have been accompanied
and supported by many people. It is a pleasure that I now have the opportunity to express

my gratitude for all of them.

The first person I would like to thank is my supervisor, Prof. H. M. Chawla, for his

painstaking guidance, invaluable suggestions and constant encouragement. His

communication skills, leadership qualities, enthusiasm and integral view on research
have left a deep impression on my mind

I would also like to thank to my M.Sc supervisor Dr. S. M. Sharma (Reader, Hindu

College, M.J.P. Rohilkhand University, Bareilly), Prof. J. D. Singh (1IT Delhi) and Dr. N.

Pant (IIT Delhi) for enthusiastically supporting me.

My seniors Dr. K. Srinivas and Dr. Satish Kumar, who set an example of excellent

publication record to inspire me also deserve special mention. I would also like to thank
my immediate seniors Dr. Lukesh Bajaj, Dr. Vandana Arora, Narendra and Parminder
Singh for their help in learning basic lab techniques during my initial years of Ph. D. A

special thank is necessary to my lab mates Bindu Srivastava, Ananya Chakrabarti, Rahul
Shrivastava and Satya Narayn Sahu for their constant help and support. The same goes
for Dr. Ranjana Saxena, Dr. Tanya Francis, Anjali Bishnoi, Namrata Kale, Sarika Mrig,

Navdeep Kaur, Subha Pandey, Jyotsna, Mausam Kalita, Indrajeet Sharma, Sakiat
Hussain and Devbrata. 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 the rest of the academic and support staff of the Department of

Chemistry at the IIT Delhi, particularly Mr. Munna Lal of the NMR Lab. I am also



thankful to N.IL1., Delhi and Central Drug Research Institute, Lucknow, for providing
mass speciroscopic analysis reported in this thesis. In addition, thanks are also due to
Dr.(Mrs.) Geeta Hundal (Department of Chemistry, G. N. D. U, Amritsir), Dr. Shailesh
Upreti, Dr. Monika, Dr. K. Pavani, M. Senthil Kumar and Jency Thomas (IIT Delhi} for
their help in single crystal X-crystallography.

In addition to these people, I was lucky enough to have the support of Dr. Pushpendra
Kumar (Department of Physies, IIT Delhi ) Vipin Kumar, Atul Pratap Singh, Neeraj Jain,
N. Bahra, Purnendu Parhi and all the others who have passed through.

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

Most importantly, I wish to thank my Grand Parents (Sh. Raghuvansh Singh and Smt.
Punam} and parents (Sh. Prem Kumar Chauhan and Smt. Gayatri) who formed part of
my vision. [ am grateful 1o my brother, Deepak Pratap Singh for rendering me the sense
and the value of brotherhood. And last but not least Bhavna, not necessarily for coming
along ar the right time, but for the very special person she is.

The chain of my gratitude would be definitely incomplete if I would forget to thank the
first cause of this chain, The Prime Mover to whom I offer my deepest and sincere

gratitude for inspiring and guiding this humble being.

Cu »-\L:_-F

SUNEEL PRATAP SINGH

i



ABSTRACT

The thesis titled, SYNTHESIS AND APPLICATIONS OF CALIX[4]ARENE AND
TETRATHIACALIX[4]JARENE DERIVATIVES presents the research work carried
out on the synthesis, characterization and applications of some novel calix[n)arene and
tetrathiacalix[narene derivatives [n=4,6,8]. A number of novel synthetic procedures have
been developed and mechanism of the reactions involved have been investigated. The
new chemical entities and their conformational geometry has been determined by
utilizing various spectroscopic techniques (IR, UV, NMR), single crystal X-Ray and
Mass spectral analysis. The accomplished research work has been divided into five
different chapters:-

Chapter 1 of the thesis presents a brief overview of the recent research work published
on the conformation, self assemblage and recognition characteristics of calixarene
derivatives. The emphasis of this chapter is to explain the salient features of calixarene
chemistry relevant to work presented in the thesis and the reference list is not meant to be
exhaustive in nature.

Chapter II dwells upon the synthesis of azocalixarenes to understand the role of
hydrogen bond assistance in the diazonium coupling reaction of calixarenes and
substituted aminopyridines and its role in determining the mechanism the reaction and
prediction of the most stable conformation of plausible products. Single crystal
structures of some of the synthesized compounds have also been determined to confirm
the conclusions drawn from spectroscopic analysis. A study on interaction of some of the

synthesized azocalixarenes with various alkali, alkaline and transition metal ions through
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UV-VIS spectrometric analysis reveals that some of them are highly selective towards
cesium metal ion with enormous potential for future applications

Chapter III deals with the synthesis of calix[4]arene based carboxamide derivatives in
diverse conformations, their characterization and reactions with plausible mechanisms
involved. The synthesized calix[4]arene carboxamide derivatives have been explored as
ionophores for metal ions and as extractants for oxyanions which include chromate and
dichromate anions, It is expected that the findings will be useful for development of new
molecular receptors for anions,

Chapter 1V details the procedures adopted for the synthesis and characterization of new
upper rim substituted calix[4]arene based receptors for molecular and ionic recognition.
A facile method for regioselective introduction of nitro groups in calix[4)arenes under
very mild conditions (NaNQ,/ ag. HCI) has been reported in this chapter. Conformational
morphosis of synthesized p-nitro-calix[4]arenes derivatives has been examined by
variable temperature NMR experiments while X-ray crystallographic analysis of some of
the synthesized compounds have been used to explore the formation of molecular
complexes with guest molecules and supramolecular arrays of calixarenes. This chapter
also describe the synthesis of a series of novel calix[4]arene hydrazone and
semicarbazone based neutral receptors for their potential use in anion recognition. The
preliminary UV-Visible and '"H NMR titration experiments revealed that 25,26,27,28-
tetrapropoxycalix[4]arene tetra-semicarbazone can recognise H;PO4 through a 1:1

binding-stoichiometry in preference over other anions (CI, Br, I, HSOQ4, ClO; and

CH,COO0).



Chapter V presents the results of studies directed towards understanding of the
molecular assemblage and polymorphic modifications of azocalix[4]arenes. In this work,
we have achieved a novel conformational morphosis methodology for obtaining different
calix[4]arene polymorphs by realigning intermolecular forces through interaction with
cesium ion. The study has enabled us to realize the first examples of ‘true’ polymorphs of
calix[4]arene derivatives with identical solvent and solvent-substrate ratio. We have also
examined the molecular assemblage of an another azocalixarene derivatives with the help
of spectroscopic techniques (UV-Vis and 'H NMR spectroscopy) and X-ray
crystallography to suggest an intense competition between self assemblage and solvent

induced aggregation of calixarenes.
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