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ABSTRACT

The thesis entitled “Designer peptidomimetics: Self-assembly and proton sensing properties”
deals with the new design strategy for bispidine-based macrocyclic systems with a variety of
topology having diverse properties. Their applications as a molecular scaffold for the sensing of
proton and self-assembling properties have been studied. Topology has a dominant role in the
macroscopic world as well as at the molecular level. Nature presents a great deal of complexity
in terms of topology in macromolecules and small natural products. Topological features are
thought to play a significant role in the functional properties of the biological systems. Therefore,
molecules which adopt intriguing topology are increasingly becoming target of chemical
synthesis.

Chapter 1 deals with a brief overview of the topology and importance of self-assembly. This
chapter presents various molecular knots found in naturally occurring biological systems (DNA,
RNA and proteins), and those designed and synthesized by chemists. Also, the role of distinctive
molecular topology on self-assembly has been discussed briefly.

Chapter 2 describes the novel class of preorganized macrocyclic compounds with a variety of
shapes having diverse stackabilization properties. Macrocycle B3 resembles a calix[4]arene,
while B4 and B5 adopt a sofa and lounger type conformation respectively. X-ray
crystallographic studies reveal that these macrocycles self-assemble solely utilizing non-
conventional hydrogen bonding (C-H...O, CH...n) and n-m interactions. Theoretical studies
support the observed topologies and the potential binding capability of B3.

Chapter 3 addresses the rational design strategy for the synthesis of hybrid macrocyclic peptides
with unusual topological features. The design concept is based on the incorporation of turn units

in the backbone of the macrocycle. Macrocycles with twisted figure-eight (C6) and rigid cavity



(C7) are synthesized based on a bicyclic turn inducing bispidine scaffold. The kink in the
structure required to form the figure-eight topology is provided by bispidine and the 1,3-
benzenedicarbonyl linkers. The molecular structure and folding have been studied by X-ray

crystallography, NMR, FT-IR, and CD.

Chapter 4 discusses about bispidine as a molecular scaffold for the sensing of H'. The modular
structure ‘fluoro-spacer-amine’ containing anthracene unit has shown unique ability to sense
proton according to the principle of photoinduced electron transfer (PET). The X-ray
crystallography, mass spectroscopy and NMR data support D2 with two bound protons

(D2:2H"). Theoretical analysis has been done to calculate the gas phase proton affinity.

Chapter 5 deals with the design, synthesis and self-assembling properties of bispidine-based
macrocycles E5a-d containing amino-acids. These compounds show self-assembly leading to
spheres, which was confirmed by scanning electron microscopy (SEM), high-resolution
transmission electron microscopy (HR-TEM) and atomic force microscopy (AFM). A detailed
study on the self-assembly of these compounds, revealed that the replacement of bispidine
(bicyclic unit) with monocyclic 1,5-diazocane changed the morphology from spheres to fibres.
The spheres show encapsulation of fluorescent dye, rhodamine B. The spherical self-assembly
opens up possibilities for the encapsulation of guest molecules and hence has potential use as

carrier molecules for biological purposes.
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Figure 5.6
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10.

NOTES

All amino acids used were of L-configuration. Unless otherwise stated, all reagents were
used without further purification.

All solvents employed in the reaction were distilled or dried from appropriate drying agent
prior to use.

Melting points were recorded in a Fisher-Johns melting point apparatus.

IR spectra were recorded on a Nicolet, Protégé 460 spectrometer as KBr pellets.

'"H NMR spectra were recorded on Brucker-DPX-300 (lH, 300 MHz; 13C, 75 MHz)
spectrometer using tetramethylsilane ('H) as an internal standard. Coupling constants are in
Hz and the '"H NMR data are reported as s (singlet), d (doublet), br (broad), br d (broad
doublet), t (triplet), q (quartet), m (multiplet).

ESI-MS were recorded with Bruker MicrO-TOF- QII model and AB Sciex, 1011273/A
model using ESI-technique.

Reactions were monitored wherever possible by thin layer chromatography (TLC). Silica
gel G (Merck) was used for TLC and column chromatography was done on silica gel (100-
200 mesh) columns, which were generally made from slurry in hexane, hexane/ethyl acetate
or chloroform.

UV-Visible spectra were recorded in Shimadzu double beam spectrophotometer, UV-2400.
Emission spectra were recorded using HORIBA JOBIN YVON Scientific, fluoromax-4
spectrophotometer, with slit width of 5 nm.

SEM measurements were done using ZEISS EVO® and JEOL-JSM-5600 LV, instrument

with an EHT of 20 kV.
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11. AFM measurements were performed using Nanoscope Multimode AFM operating in
tapping mode in air.

12. HR-TEM images were recorded using Philips CM 12 electron microscope.
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% percent
d chemical shift
°C degree centigrade
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kV Kilo volt
aq. aqueous
AFM Atomic force spectroscopy
Boc t-butyloxycarbonyl
br broad
Conc. Concentrated
d doublet
dd double doublet
DCC N,N'-Dicyclohexylcarbodiimide
DIEA N,N-Diisopropylethylamine
DMF N,N-Dimethylformamide
DMSO Dimethyl sulfoxide
ESI-MS Electrospray ionization mass spectroscopy
equiv. Equivalents
F Fluorescence intensity
g gram
h hour
Hz Hertz
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HR-TEM High resolution transmission electron microscope

IR Infrared
J coupling constant
K kelvin
Kcal/mol Kilocalories per mol
KJ/mol Kilojoules per mol
M molar
uM micromolar
mM millimolar
m multiplet
mg milligram
mL milliliter
min minutes
mmol millimoles
mol mole
mp melting point
m/z ESI-MS/charge
NHS N-hydroxysuccinimide
NMR Nuclear magnetic resonance
ns nanosecond
nm nanometer
ppm parts per million
q quartet
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RT

SEM

TEM

TLC

UV-vis.

Room temperature
singlet
Scanning electron microscope

Transmission electron microscope

triplet
Thin layer chromatography

Ultraviolet-visible
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