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ABSTRACT

The thesis entitled *Functional Self-assembling Systems: Synthesis and Biophysical
Characterization™ deals with the design and synthesis of peptide-based molecules and their
self-assembling properties. We have demonstrated the self-assembly of various peptide-based
molecules and their self-assembly upon addition of cations and anions along with their
conformational changes. The self-assembly of various designer peptides and their effect on
liquid crystals were also studied. The research work presented in this thesis is divided into five
chapters.

Chapter I

Chapter I deals with selected exaples of self-assembling peptides. The focus has been majorly on
small peptide, cyclic peptde, peptide-polymers, amphiphilic, and aromatic-based peptides. A
special emphasis is given to cation and anion induced self-assembling peptidtic systems.
Chapter 11

Chapter Il presents the design, synthesis and self-assembly of Zn-finger resembling cystine-
cored trizole containing pseudopeptides. The pseudopeptides exhibited conformational transition
to B-sheet upon binding with Cu?*, resulting in the disruption of vesicles.

Chapter 111

Chapter 11l deals with the design and synthesis of hydrophobically driven chiral functional
assembly of diacetylene-cored pseudopeptides. The designer pseudopeptides self-assembled, as a
result of tuning solvent environment, causing associations through hydrophobic forces resulting
in chiral assembling system with Aggregation Induced Emission (AIE) property. The self-
assembling dialkynes with supramolecular chirality and AIE property induce chirality to the non-

chiral LC matrix with high helical twisting power.
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Chapter IV

Chapter 1V presents the investigation on the self-assembly of aromatic cored bis-urea systems.
The phenylalanine adjacent to urea peptides showed supramolecular helical organization. Anion
binds to these self-assembled urea-peptides causing the inversion of helicity. The amino acid
dependence on the helicity was also investigated.

Chapter V

Chapter V describes the design, synthesis and self-assembly of a series of fluorescent disulfide-
cored molecules. These disulfide containing molecules associate to heterodimers and shows
intermolecular fluorescence resonance energy transfer (FRET). The microscopic analysis of
designer fluorescent molecules shows vesicular morphology in acetonitrile. These molecules
forms heterodimers that further self-assemble to vesicles. In addition, these disulfide cored

fluorescent molecules serve as sensor for nitroaromatics (NACSs).
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showing the band at 270- 300 nm) and fluorescence spectra of d) D1 b) D2

and c) D3 on addition of HoPO4™ (Aex =290 nm).

Job Plots: a) D1 b) D2 and c) D3 and BH plot of a) D1 b) D2 and c) D3 upon
addition of HoPO4".

Partial *H NMR (500 MHz, CD3sCN) spectra of a) D1 and b) D3 at increasing
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concentration of HoPO4™ ions.

CD spectra of a) D5, b) D6, c) D7, d) D8, and e) D9 in acetonitrile.
SEM images of a) D1 b) D2 and ¢) D3 in acetonitrile.

Histogram based on SEM images. Diameter of a) D1 b) D2 and c¢) D3.
SEM images of a) D4 b) D5 ¢) D8 and d) D9 in ACN.

TEM images of a) D4 and b) D9 in ACN

'H NMR (500 MHz, CD3sCN) spectrum of 14a.

13C NMR (125 MHz, CDCls) spectrum of 14a.

ESI-Mass spectrum of 14a.

'H NMR (500 MHz, CD3CN) spectrum of 14b.

13C NMR (125 MHz, CDCls3) spectrum of 14b.

ESI-Mass spectrum of 14b.

'H NMR (500 MHz, CD3CN) spectrum of D1.

13C NMR (125 MHz, CDCls) spectrum of D1.

ESI-Mass spectrum of D1.

'H NMR (500 MHz, CD3sCN) spectrum of D2.

13C NMR (125 MHz, DMSO-ds) spectrum of D2.

ESI-Mass spectrum of D2.
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Figure 4.27
Figure 4.28
Figure 4.29
Figure 4.30
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Figure 4.32
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Figure 4.34
Figure 4.35
Figure 4.36
Figure 4.37
Figure 4.38
Figure 4.39
Figure 4.40
Figure 5.41
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Figure 4.43
Figure 4.44

Figure 4.45

'H NMR (500 MHz, CDsCN) spectrum of D3.
13C NMR (125 MHz, CDCls) spectrum of D3.
ESI-Mass spectrum of D3.

'H NMR (500 MHz, CDClIs) spectrum of D5.

13C NMR (125 MHz, CDCls3) spectrum of D5.
ESI-Mass spectrum of D5.

'H NMR (500 MHz, CD3CN) spectrum of D4.

13C NMR (125 MHz, DMSO-dg) spectrum of D4.

ESI-Mass spectrum of D4.

'H NMR (500 MHz, DMSO-ds) spectrum of D7.

13C NMR (125 MHz, DMSO-dg) spectrum of D7.

ESI-Mass spectrum of D7.

'H NMR (500 MHz, CDCls) spectrum of D8.

13C NMR (125 MHz, CDCls) spectrum of D8.
ESI-Mass spectrum of D8.

'H NMR (500 MHz, CD3CN) spectrum of D9.
13C NMR (125 MHz, CDCls3) spectrum of D9.
ESI-Mass spectrum of DO9.

'H NMR (500 MHz, CD3CN) spectrum of D-D1.
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Figure 4.46

Figure 5.51

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

ESI-Mass spectrum of D-D1.

a) A helical wheel representation of coiled coil dimeric peptide b) B-sheet
arrangement.

Chemical structure of S-S-cored fluorescent compounds E1, E2 and ES3.

a) UV-vis spectrum of EL1 titrated with E3 and b) Fluorescence excitation of
E3 (Aem=480 nm) and emission spectrum of E1 (Aex=290 nm). ¢) Fluorescence
spectrum of EL1 titrated with E3 (Aex=290 nm). d) Plot of emission intensity at
330 and 480 nm upon gradual addition of E3 to a solution of E1. A decrease
in the intensity at 330 nm and an increase in the intensity at 480 nm is

observed.

Time-resolved fluorescence spectroscopic study of the FRET pair of a) E1

alone and E1:E3 and (b) E1 alone and E1:E2.

UV-vis spectra of E1, E2 and 1:1 mixture E1:E2.

a) Fluorescence excitation of E2 (Aem=550 nm) and emission spectrum of E1
(Aex=290 nm). b) Fluorescence emission spectra of E1 titrated with E2 (290
nm). ¢) Additives HRMS of E1 and E2. d) Cartoon representation, showing

molecular arrangement and energy transfer between E1 to E2.

SEM images of a) E1 b) E2 ¢) E3 d) 1:1 mixture of E1:E2 and e) 1:1

mixture of E1: E3. All solutions were made in acetonitrile.

Histogram based on SEM images. The diameter of vesicles vs the numbers in
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Figure 5.9

Figure 5.10

Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18

Figure 5.19

case of a) E1 b) E2 c¢) E3 d) 1:1 mixture of E1:E2 and e) 1:1 mixture of E1:

E3.

Fluorescence quenching of E2 upon addition of (a) PA and (b) DNP. Stern-
Volmer plots for E2 in presence of ¢) PA and d) DNP.

Plots of fluorescence response of E2 vs concentrations of a) PA and b) DNP
fitted to linear regression.

'H NMR (CDCls, 500 MHz) spectrum of E1.
13C NMR (CDCls, 125 MHz) spectrum of E1.
ESI-HRMS spectrum of E1.

'H NMR (CDCls, 300 MHz) spectrum of E2.
13C NMR (CDCls, 75 MHz) spectrum of E2.

ESI-HRMS spectrum of E2.

'H NMR (CDCls, 300 MHz) spectrum of E3.
13C NMR (CDCls, 125 MHz) spectrum of E3.

ESI-HRMS spectrum of E3.

XXVi

213

214

220

220

221

221

222

222

223

223

224



Table No.

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 5.1

LIST OF TABLES

Description

Crystal data of C8.

Hydrogen bonding and other Non-covalent distances (A) and angles (°)

present in C8.

Crystal data of C2.

Hydrogen bonding distances (A) and angles (°) present in C2.

Crystal data of C3.
List of selected non-covalent interactions in C3 crystal structure.

Hydrogen bonding distances (A) and angles (°) present in C3.

Helical pitch and helical twisting power (p) at varying concentrations of

C8.

Life times, energy transfer efficiencies of donor and donor-

acceptor pairs at 295 nm.

XXVii

Page No.

94

95

102

103

104
105
105

113

208






Scheme No.

Scheme 2.1

Scheme 3.1

Scheme 3.2

Scheme 4.1

Scheme 4.2

Scheme 5.1

LIST OF SCHEMES

Description Page No.
Synthesis of compound B1, B2, B3 and B4. 46
Synthesis of monoacetylene (C1, C2, C3, C4, C5 and C6), diacetylene 88

(C7, C8, C9, C10, and C11).

Self-assembly of diacetylene molecules in ACN and 90% H20 in 98
DMSO.

Synthesis of bis-urea compounds D1-D3. 156
Synthesis of mono-urea and amide derivatives D4-D9. 156

Synthesis of disulfide-cored fluorescent compounds E1, E2 and E3. 205

XXviii






LIST OF ABBREVIATIONS

% Percent

d Chemical shift

°C Degree centigrade

ACQ Aggregation Caused Quenching
ACN Acetonitrile

AFM Atomic force microscopy

AIE Aggregation Induced Emission
ag. Aqueous

Ar Aryl

ArH Aromatic proton

Boc t-butyloxycarbonyl

br Broad

CD Circular dichroism

Conc. Concentrated

CuAAC Copper catalyzed azide alkyne cycloaddition

XXiX



DCM

dd

DCC

DIPEA

DMF

DMSO

ESI

EDC.HCI

EtOAc

eq.

FTIR

FRET

Hz

HRMS

Doublet

Dichloromethane

Double doublet

N,N'-dicyclohexylcarbodiimide

N,N'-Diisopropylethylamine

N,N-dimethylformamide

Dimethylsulfoxide

Electronspray ionization

N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride

Ethyl acetate

Equivalent

Fourier-transform infrared

Fluorescence resonance energy transfer

Gram

Hour

Hertz

High resolution mass spectrum

XXX



HRTEM High resolution transmission electron microscope

IR Infrared

LC Liquid Crystal
LOD Limit of detection
m Multiplet
MeOH Methanol

mM Micromolar
um Micrometer
mg Milligram

mL Milliliter

uL Microliter
min Minutes
mmol Millimoles
mol Mole

Mp Melting point
m/z Mass/charge

NHS N-Hydroxysuccinimide

XXXi



NMR Nuclear magnetic resonance
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NOTES

All amino acids were used of L-configuration. Standard single/triple letter codes are used to

represent the amino acids.

All solvents used in the reaction were distilled or dried from appropriate drying agent prior

to use. All reagents were used in the reactions without further purification.

Melting points were recorded in a Fisher-Scientific melting point apparatus and were

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

'H NMR spectra were recorded on Bruker-DPX (*H NMR, 300, 300 and 500 MHz; 3C
NMR, 75, 100 and 125 MHz) spectrometer using tetramethylsilane (*H) as an internal
standard. *H NMR data are reported as s (singlet), d (doublet), br (broad), br d (broad

doublet), t (triplet), g (quartet), m (multiplet) and coupling constnats are in Hz.

High resolution mass spectra (HRMS) were recorded in Bruker MicrO-TOF-QII model using

Electrospray lonization (ESI) technique.

Silica gel G (Merck) Thin Layer Chromatography (TLC) was used for monitored the
reactions. Silica gel (100-200 mesh and 60-120) was used for column chromatography
prrification, which were generally made from slurry in hexane, hexane/ethyl acetate or

chloroform.
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10.

11.

12.

13.

CD measurements were made using AVIV-420/ Jasco spectropolarimeter. Quartz cell of 0.1

cm was used for the measurements.

UV-Vis spectroscopy-The absorption spectra were recorded on a Shimadzu UV-2450

spectrometer.

SEM images were recorded using ZEISS EVO Series Scanning Electron Microscope EVO
50 operating at an accelerating voltage of 0.2 — 30 kV. For SEM, a 10 pL aliquot of the
sample solution was drop-casted on a glass cover slip, dried and coated with ~10 nm of

gold.

HR-TEM images were recorded on a TECHNAI G2 (20S-TWIN) electron microscope
operated at an accelerating voltage of 200 kV. Samples were prepared by drop-casting the

sample on 200 square mesh carbon-coated copper grids.

Atomic force microscope (Bruker Dimension Icon) in tapping mode was used for imaging.
The data obtained was analyzed using Nanoscope 5.31r software. About 10ul aliquot of the
sample solution was transferred onto freshly cleaved mica and allowed to dry and imaged

using AFM.

X-ray diffraction study was carried out on a BRUKER AXS SMART-APEX diffractometer
with a CCD area detector (Mo Ka = 0.71073A, monochromator: graphite). Frames were
collected at T = 298 by w, f and 2g-rotation at 10 s per frame with SMART. The measured
intensities were reduced to F2 and corrected for absorption with SADABS. Structure
solution, refinement, and data output were carried out with the SHELXTL program. Non-

hydrogen atoms were refined anisotropically. C-H hydrogen atoms were placed in

XXXiV



geometrically calculated positions by using a riding model. Image was created with the

diamond program.

14. Confocal microscopy was recorded using FLUOVIEW FV1200 laser scanning confocal
microscope. The samples were excited using 405 nm and emission was captured from 450-
500 nm. The images captured were processed using Image J software.

15. Fluorescence measurements, were recorded in FluoroMax-4 spectrofluorometer (HORIBA

JOBIN YVON Scientific), using a 3 mL quartz cuvette with slit width of 5 nm.

16. The pitch of the induced cholesteric phases has been calculated by measuring the distance
between two neighboring extinction dark striations of cholesteric fingerprints as per the
earlier reported methods. The ImageJ software has been used for precise measurements of

length scales of fingerprints.

17. The helical twisting power () was calculated using the formula fw= 100pc/ where p is the
calculated pitch in micron and c is the weight fraction of chiral dopant in 5CB. In addition,
the plot of the inverse helical pitch with the concentrations of chiral dopant give straight line
and the slope of this line within the linear region is used to calculate the helical twisting

power of the compound as per the previous reports.
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