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PREFACE

Privileged structure based design of molecular scaffolds have
been widely used as an effective strategy in medicinal chemistry for
drug discovery. It involves the introduction of diversity to a single
bioactive core with suitable functionalities. Such functionalized
scaffolds can provide ligands for diverse receptors and can be able to
interact with unrelated and undruggable targets. Numerous
heterocycles have been identified and reinvestigated as privileged
scaffolds and their synthesis and applications in medicinal chemistry
has been well documented. A lion share of such synthesis are based on
multistep synthetic protocols with the involvement of large amount of
resources, infrastructure and manpower and have a direct impact on the
escalated prize of life saving medicines. Hence the investigations to
develop an alternative to such costly synthesis is essential. Skilful use
of step economic synthesis such as multicomponent coupling reactions
(MCR) and close to natural synthetic methodologies such as click
chemistry can contribute a lot to achieve this goal. Motivated with
these ideas, two privileged heterocycles such as chromene and furan
were selected for scaffold modification based on Click-with MCR
methodoly to obtain triazole linked peptidomimetics of these scaffolds

and that constitutes the topic discussed in this thesis.

The thesis has been divided into five chapters. The first chapter
presents an overview of the importance of privileged scaffolds in drug
discovery and their biological and material applications with a special

emphasis to benzopyarns and furans. Various aspects of these two



privileged structures has been summarized in this chapter, including
the applications of new synthetic methodologies for their

functionalization and the evaluation of biological properties.

The chapter 2 describes the chemistry and chemical biology of
two new series of chromene peptidomimetics with carboxamide and
acetamide peptide residues based on Click with MCR synthetic
strategy. The fluorescence and anticancer properties of the molecules
were evaluated and the molecules showed 2-in-1 properties such as
anticancer activity as well as the fluorescence properties suitable for

developing bioimaging probes.

Chapter 3 is on the peptidomimetic modifications of another
benzopyran (chromene) system such as pyranocoumarin. The
pyranocoumarin core scaffold was functionalised with chemical
equivalents of o and p-amino acid residues such as o-
aminoacylcarboxamide and B-acetamide scaffolds through a triazole
linker. The highlight of this chapter is the detailed discussion on the
photophysical and biological properties of 24 such new
pyranocoumarin derivatives suitable for the development of

fluorescent probes or anticancer agents.

Chapter 4 presents the progress of the work from linear
peptidomimetics to macrocyclic peptidomimetics by replacing the
chromene scaffold with a furan core scaffold using an intra molecular
MCR-Click strategy. A discussion on the biological properties of the
molecules as well as a brief rationale for the exceptionally high Stokes

shifted emission showed by the macrocycles were also presented.



Chapter 5 presents the conclusion and future aspects of the
work presented in the thesis. As highlighted in chapters 2-4, this study
have made significant advancement in the chemistry, chemical biology
and photophysics of large number of chromene and furan
peptidomimetics. However further in-depth study based on
computational techniques and in vitro and in vivo biological assay is
necessary to push this field further ahead to achieve the goal of cost

effective and green synthesis of therapeutic agents.
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1.1 Privileged scaffolds

A rapidly emerging theme in drug discovery is the exploration of
privileged scaffolds.'A privileged scaffold should consist of ‘a single
molecular framework able to provide ligands for diverse receptors”.
These molecules have an inherent capacity for biological activity and
are capable of interacting with various proteinaceous receptors with
high affinity.? The suitable modification of these scaffolds resulting in
the formation of ligands for a number of functionally and structurally
diverse biological receptors as agonist and antagonist.’ The term
privileged scaffold is initially introduced by Evans et.al in the Merck
research groupin 1988 during the synthesis of benzodiazepines, a non-
peptidal antagonist of cholecystokinin receptors.*The benzodiazepines
are proven as privileged scaffold because it is present in manydrugs
that have been used for decades for anticonvulsant, sedative, and
anxiolytic purposes.’The privileged benzodiazepine molecule
structurally mimic the B-turn of the peptide.°These scaffolds are
capable of interacting with proteins having unknown three dimensional
structures like G-protein coupled receptors, ion channels and can be

able to interact with unrelated and undruggable targets.’

In chemical sense, privileged scaffolds have inherent capacity for
flexibility and rigidity and also they are able to interact with various
functional groups in a favorable arrangement. In biological sense it
can able to mimic a naturally existing molecule which have an inherent
capacity to interact with different proteins.” Many natural products are
considered as privileged structures because they have high diversity

and also have an inherent capacity to interact with a plethora of protein



receptors.*This is the major reason for the half of commercial
pharmaceuticals are either natural products or their synthetic

analogues’ ’

Most of the privileged scaffolds commonly consist of a rigid
heterocyclic ring with appended residues suitable for the
bioactivity.'The compound libraries designed on the basis of
privileged scaffolds should exhibit enhanced drug like properties and
hence resulting in the generation of high quality lead molecules."
Severalcompounds such as nitrogen and sulfur containing
heterocycles, biphenyls, diphenylmethane, 1,4-dihydropyridines,
chromones, 2-benzoxazolones, indoles, benzimidazoles, benzofurans,
quinoline, isoquinoline, purine, benzoxazole, benzopyran, coumarin,
carbohydrate and steroids etc are identified as privileged
scaffolds.*These scaffolds are used for building chemical libraries
with relevant pharmaceutical applications.*This review will discuss
some of the selected privileged scaffolds belonging to sulfur-nitrogen
heterocycles and oxygen heterocycles with a special emphasis to
medicinally active chromene scaffolds since the research work
presented in the subsequent chapters of this thesis are mainly on the
structural modifications of chrome scaffolds to obtain potential

anticancer agents and multipurpose fluorescent probes.

1.1.1 Sulfur-Nitrogen heterocycles in general as privileged

scaffolds.

Sulfur and nitrogen containing heterocycles occupies a prominent

place among the various privileged scaffolds with biological activity.



Heteroaromatic rings have the ability to mimic the natural
conformations of many of the peptide substrates with increased
pharmacological or target binding activity with increased ADME
(adsorption, distribution, metabolism and excretion) properties in a
preferred biological environment.'*Consequently, >10% of the diverse
ring systems present in drug molecules that are commercially available
have six and five membered rings with nitrogen and sulfur as hetero

atoms (fig.1 and ﬁg.2).15
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Fig. 1: Typical examples of sulfur-nitrogen heterocycles present in commercial drug
molecules and their frequency (f).
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1.1.2: Quinolines as privileged scaffold

Quinoline is another frequently occurring privileged scaffolds in

medicinally active natural molecules and synthetic drugs'® with

17 8 19
1, 1,

biological profile such as antimalarial,'’ antitubercular,'® antivira
anti-inflammatory, antibiotic,”' antifungal,** antidepressant®and anti-
cancer activities.”* Selected examples of semi synthetic and synthetic

quinolone based drugs are listed in fig. 3 and 4
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Fig.3:Selected examples of quinolone based semi synthetic drug molecules.
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Fig. 4: Selected examples of quinolone based synthetic anticancer agents

1.1.3: Isoquinolineas privileged scaffold

Isoquinoline represent another privileged core structure with
expandable potential for drug candidates.”’Although isoquinoline
alkaloids are one of the best known alkaloids with proven therapeutic
potential, currently, only few drugs or drug candidates have

isoquinoline core because of the difficulties associated with the



modification of natural product bioactive components due to the
occurrence of multiple stereo geniccenters present in them.*® Careful
literature survey reveals that isoquinolines have not yet fully
exploited and a systematic effort would be necessary for bringing out
more potential drug candidates with isoquinoline core structure. The

best known isoquinoline drug candidates are listedin fig.5
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Fig.5: Selected examples of isoquinoline based drugs
1.1.4: Rhodanine as privileged scaffolds

Rhodanine is a five-membered heterocycle containing thioether and
amino groups at positions 1 and 3, respectively. Large number of
reports are available describing a wide variety of biological activities
of rhodanine-based compounds.”’The rhodanine ring is capable to
interact with the amino acid residues in ligand binding sites of proteins
via hydrogen bonding, hydrophobic interactions, m—m and cation—m
interactions with amino acids with aromatic or charged side chains.

The significant number of these spatially defined interactions of



rhodanine scaffolds are due to the marked propensity for the formation
of polar interactions that can be attributed to the exocyclic double
bonded sulphur and the carbonyl group.However, the exocyclic double
bond, which is conjugated to the carbonylgroup at position 4 of the
rhodanine moiety, is a potentially reactive site. Itcan react as an
electrophilic Michael acceptor, with nucleophilic amino acidside
chains of the target proteins, such as cysteine with the reactive
thiolgroup, to form a covalent adduct. Additive interaction of a
reactive cysteine thiol group to the exocyclic doublebond of 5-
arylmethylidenerhodanines1.39is shown in scheme 1. Rhodanines are
also capable to interact with intercellular metal ions for example, 5-
benzylidenerhodanine, which is known to specifictowards Zn
ions.”*Consequently, large number of compounds possessing
biological activity are reported. Selected examples of commercial

rhodanines for cancer therapy are presented in fig.6.
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Scheme 1: additive interaction of a cysteine thiol group to the exocyclic double bond

of 5-arylmethylidenerhodanines
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scaffold

1.2. Oxygen heterocycles as privileged scaffolds
1.2.1. Coumarin

Coumarin constitutes a highly interesting privileged scaffoldto access a
broad variety of biologically active compounds.”’There are mainly six
types of coumarin scaffolds such as furanocoumarins,
dihydrofuranocoumarins, linear type pyranocoumarins, angulartype
pyranocoumarins, phenyl coumarins, and biscoumarins.”® All these are
useful for deriving biologically active molecules or fluorescent

probes.*'Selected examples are shown in fig.7.
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Fig.7: Selected examples of coumarin privileged scaffolds
1.2.2. Benzopyran or chromene as privileged scaffold

Among the various oxygen heterocyclic scaffolds, chromene or
benzopyran was one of the privileged scaffolds widely distributed in

biologically active natural and synthetic compounds and in a variety



ofknown inhibitors for a broad range of receptors. Chromene
constitute the back bone of several naturally occurring alkaloids,
flavonoids, anthocyanins and tocopherols.*> Chromene is a bicyclic
molecule in which benzene is fused to a pyran ring. Based on the
position of double bond in pyran ring chromene is divided into 2H-
chromene or 2H-1-benzopyran and 4H-chromene or 4H-1-
benzopyranas shown in figure 8. In addition to this, the chromene
containing double bonded oxygen in the second position known as
oxochromenesare widely distributed in nature and shows potent

biological and pharmacological applications.

2H-chromene  4H-chromene 2H-chromen-2-one  4H-chromen-4-one

1.61 1.62 1.63 1.64

Fig.8: general structure of 2H-chromene, 4H-chromene and its oxochromene

Futher, several fused chromenes are isolated from various plant
sources such as furochromenes, bezofurochromenes,
pyranochromenes, benzochromenes and naphthochromenes.”> Some of
these compounds are now used as potent drugs against various diseases
and more are in clinical trials. Naturally occurring chromene scaffolds
possess huge skeletal diversity through the conjunction of the
privileged benzopyran motif in their core which allows discrete
biological activities such as anti-microbial,antibacterial,cytotoxic,
antioxidant,anti-HIV, and antivascular,antiviraland anti-

proliferativeactivity against various carcinoma cells.>* The low

10



toxicity, good lipohilicity and broad spectrum of pharmacological
activities have inspired chemists to develop novel therapeutic agents
and the generation of lead like or drug like molecules by using
chromene as one of the core scaffold. A key feature is that the
lipophilic nature of the benzopyran derivatives helps to cross the cell
membrane easily.”” Synthetic chromene analogues have been
developed over the years, and some of them have been employed as

pharmaceuticals fig.9.*
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Fig.9: pharmaceutical agents containing benzopyran structural moiety*®

Cromakalim1.75is  the  first reported benzopyran  derived

antihypertensive agent act solely via potassium channel modulation.
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The diverse synthetic analogues of cromakalim were reported

subsequently as shown in fig.10. *’
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Fig.10: anti-hypertensive cromakalim and its analogues.

Chromene based small molecular agents are also used for developing
various chemotherapeutics.”*Chromene also  showed excellent
cytotoxic activity against various human cancer cell lines through
various mechanism such as microtubule depolymerization, apoptotic
cell death etc.Crolibulin, EPC 2407 (1.79) is a 4-aryl-4H-chromene
derivative under phase I/II clinical trials for the treatment of anaplastic
thyroid cancer with acceptable side effect profile.” Similarly several
analogues of 4-aryl or 4-heteroaryl 4H-chromene derivatives show
potent activity against various cancer cell lines.**The structures of
some pharmacologically active chromene based anticancer agents are

summarized in the fig.11.
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Fig.11:some bioactive anti-cancer chromene analogues*

Multidrug resistance, the principal mechanism by which many cancers
develop resistance to chemotherapy drugs. It is a major factor in the
failure of many forms of chemotherapy.®' This can affect the persons
with different types of cancers such as blood cancer, solid tumours,
breast, lungs,overian and colonal cancers. Recent studies identified that
benzopyran derivatives are potent modulators of multidrug resistance
in cancer acting via various mechanisms.**The representative examples

are shown in fig.12.
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Several natural and synthetic chromene scaffolds are active against the
microorganisms like bacteria, fungi etc. Zhang et.al reported the
Enantioselective synthesis of pyranocoumarini.92and 2-Amino-4H-
chromene 1.93with potential antibacterial activity against S. aureus

with a minimum inhibitory concentration 6.25 pg/mL as shown in

43
scheme 2.
,,—ﬂ
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OH NN X
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Scheme 2: Enantioselective asymmetric orgnaocatalytic synthesis of chromene
scaffolds
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The search for antibacterial and antimicrobial agents are still very
important due to the presence of drug resistance bacterial infections.
Chromene derivatives show potent antibacterial or antimicrobial
activity against Gram positive Staphylococcus aureus, MRSA, Bacillus
subtilis and Micrococcus luteus and gram negative Escherichia coli
Pseudomonas aeruginosabacterial stains. They show moderate activity
when compared to Streptomycin and Ampicillin. Calanolide A and B
were the first natural chromeneextracted from the leaves of plant
Calophyllumlanigerumidentified to show anti-HIV activity. Some

other active antiviral agents are shown in fig. 13. **

0
S SH
X
N H

X

HO (M) (o]

(+)-Calanolide A- anti- HIV anti- HIV

1.94 1.95
a AN
]
(]
S
Anti-picornavirus Anti-influenza
1.96 1.97

Fig.13: chromene based antiviral agents

Alzheimers disease is one of the main reason for dementia in older
persons. This neurodegenerative disease is characterized by the gradual
loss of the normal cognitive and non-cognitive functions of the body.
The factors causing this disease include cholinergic system disorders,
accelerated aggregation of B-amyloid peptides, and the dyshomeostasis

of bimetals etc. It was reported that the main reason for Alzheimer’s
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disease is the cholinergic dysfunction and AD severity provided a
rationale for the therapeutic use of acetylcholinesterase inhibitors.
There for the recent pharmacological treatment of Alzheimer’s disease
is based on the use of acetylcholine esterase inhibitors. Taspine, a
chromene containing alkaloid extracted from the leaves of Mangnolia
x soulangiana identified as a potentAcetylcholyl inhibitor. Similarly
several naturally occurring chromene derivatives are proved to have

acetyl choline and butyryl choline inhibitory activities. **

Synthetic chromene derivatives are effectiveAcetylcholyl inhibitors
compared to the commercial drugs Dopamine, rivastigmine etc.and
therefore widely used for the treatment of Alzheimer’s disease and
Schizophrenia. A novel series of 1,2,3-triazole-chromene hybrid
scaffold showed mild to improved AChE inhibitory activity compared
to, other drug used for the treatment of dementia due to Alzheimer's

and Parkinson's disease.*

pyranochror‘nene-pyridinium pyranochromene-1,2,3-triazole
hybrid scaffold hybrid scaffold

1.98 @ 1.99
SN
POy
H;CO 0”0

Ensaculin
1.101

Fig.14:Chromene-heterocycle hybrid scaffold as anti-Alzheimer’s agent.
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1.2.3. Chromenes in material applications

In addition to the wide range of biological and pharmacological
applications molecule having chromene core structures find
applications in pigments, cosmetics, agrochemicals, laser dyes, optical
brighteners and fluorescence markers. Due to the excellent
photochromic properties it find applications in optical transmission
materials, optical switches, light modulators, organic light emitting
diodes (OLEDs) and memory devices. Pyran or chromenecontaining
compounds have been used as a red fluorescent material for the
emissive layer of OLEDs. Yoon et al.have reported two series of di-
tert-butyl chromene-containing red fluorescent materials suitable for

OLEDs (fig. 15)."

1.102

Fig.15: red emitting chromene emissive layer of OLEDs

Chromene scaffolds act as a rapid, selective and sensitive fluorescent
probe for the detection of thiols, hydrogen sulfideetc. in the living
cells. Feng et al. developed a conjugateddicyanomethylene-benzopyran
molecule near IR (NIR) fluorescent probe for the detection of
thiophenols in living cells. Similarly 2, 4-dinitrobenzene-1-
sulfonamide used as the reaction site for the turn-on fluorescence

detection of thiols as shown in scheme3. *®
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ArSH

aqueous solution

O,N
O
Probe 1 o

Probe 2
A max (Abs) 470nm 3. max (Abs) 490
Fluorescence OFF 1.105
1104 A max (Em) 670nm

Fluorescence ON
Scheme3:0n and off fluorescent detection of thiols using chromene scaffold

Similerly, a dicyanomethylene-4H-chromenederived fluorescent probe
was reported for detectinghydrogen sulfide based on the reduction of

azidewith H,S to amine compound® as shown in scheme 4.

Non-fluorescent
1.106 1.107

Fluorescent

Scheme 4:0n and off fluorescent detection of thiols using chromene scaffold

1.3 Peptidomimeticsas privileged scaffolds: General aspects and

synthetic methodologies

Peptides and proteins are absolutely essential components of
organisms in many ways. Peptides play an important role in organisms
as hormones, neurotransmitters and neuromodulators.” Peptides and
their analogues have long been used in medicinal chemistry as
therapeutic agents for pathological conditions generally characterized
by a disruption of the interplay between messenger molecules or

enzyme substrates and their targets.’’ For various biochemical and
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biophysical reasons there is an increasing tendency towards the use of
peptidomimetics because such agents generally increase the magnitude
of the deceptive effect in proportion to the degree of conversion of a
peptide into a nonpeptide.52 The concept of rational design has been
applied frequently to the development of peptidomimetics with the aid
of new computer programs in such design processes. The new
developments in peptidomimeticshave given a great boost to peptide
chemistry as a whole and this trend will expected to continue with the
incorporation of privileged scaffolds to peptidomimetic back born to

increase the selective biologicalactivity of such inhibitors in many
fold.”

During the past fewdecades’ great effort have been made to develop
more efficient methods for synthesis of linear and cyclic
peptidomimetics, as potential drug leads.”*The general approach for
the development of peptidomimetics is the modification of an existing
peptide sequence without altering the biological activity.” Several
straight forward synthetic strategies have been introduced for the
synthesis of peptidomimeticsfrom the readily and commercially
available reagents.”® For e.g. asymmetric synthesis using amino acids
and sugar derivatives, solid-phase synthesisofpeptidomimetics from
non-peptide libraries,combinatorial synthesis etc. In the classical
combinatorial approach,libraries of synthesized peptidomimeticsare
reported as modified peptides taking the advantage of chemical

diversity of the amino acidsand the sequence diversity.”’

In expandingthe molecular diversity along with the improvement in

biological and physico chemical properties of the compound libraries
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Schreiber and coworkers introduced the concept of diversity- oriented
synthesis (DOS) in 2010.”® The DOS strategy aims to populate the new
chemical space with novel drug-like scaffolds with a highdegree of
molecular diversity and biological applicability.”’ The libraries
generated based on DOS are helpful for the development of potential
therapeutic agents based on the small molecules and therefore DOS
emerged as an essential tool in drug discovery and chemical
biology.*The screening of DOS libraries provides hits for several non-
traditional undruggable targets and protein-protein interactions.In DOS
the structurally diverse drug- like scaffolds are usually generated from
a common intermediate as represented in the figure. These scaffolds on
screening could be able to provide potential lead compounds with

enhanced affinity towards targets. !

Diversity oriented synthesis (DOS)

Q%? [ \S) f Screen g;@omimiz\eggx$
Intermediate \ :]J Lead Compound Drug-candidate

Drug-like Compounds

Fig. 16: DOS strategy to drug leads

To achieve privileged scaffold based peptidomimeticswith suitable
molecular diversity especially skeletal diversity, two distinct diversity

oriented strategies such as reagent based approaches and substrate
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based approaches were reported.®? Both approaches involves multiple
stepwise reaction sequences for introducing diversity. These traditional
multi step synthetic schemes are time consuming, requires more time

and often expensive.

0 0 ,L)@ ; NHBoc
H - . -
H2N_JJ\N JiNQLN COOMe

COOMe
H H

: HN O HN
>_ 0 AL /k
Peptide

Pyrrolidine Analog

1.108

Scheme 5: Synthesis of pyrrolidine (privileged scaffold) based Peptidomimetic from

parent peptide®

The most promising method for the economic and green generation of
collection of drug-like small molecules by diversity oriented synthesis
include the sequencing of the multicomponent reaction followed by
post modification methods for achieving complexity and diversity.**
The post modification methods include cyclization,
refunctionalizations etc. This advanced synthetic methodology is
known as Build/Couple/Pair strategy.’In the initial build stage the
core chiral building blocks were synthesized. In the couple phase these
chiral building blocks were coupled together to obtain skeletally
diverse scaffolds. In this phase, multicomponent reactions can be used
to produce skeletally diverse core scaffolds. The pair phase involves
intra or inter molecular reactions between the typical functional group

present in the core scaffolds obtained in the couple phase.
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1.4  Privileged scaffolds based peptidomimetics from

multicomponent reactions

Multicomponent reactions (MCRs) are considered as an advanced
synthetic strategy for the step-economic and cost effective synthesis of
potential scaffolds suitable to populate the large drug-like chemical
space.®® It helps to overcome the problems associated with the classical
linear multi-step reactionsand helps to provide a straight forward
method for the synthesis of bioactive heterocycles, natural product-like
molecules etc. Therefore, recently MCRs emerged as highly valuable
tool in the drug discovery.**Multicomponent reactions are familiar to
synthetic chemists for over 150 years. The first documented reactionin
this category is the Streckersynthesis of a-aminonitriles(1850) by the
condensation of an aldehyde, ammonia and hydrogen
cyanide.®’Subsequently, many MCRs were reported for the synthesis
of heterocyclic or non-heterocyclic scaffolds (privileged) for e.g.
Hantzsch synthesis) of dihydropyrimidine as well as pyrroles,®® The
Biginelli reaction for the synthesis of 3, 4- dihydropyrimidin-2(1H)-
ones,”Debus-Radziszewskiof imidazoles,”’Mannich reaction  for
B-amino carbonyl compounds,”'etc are another brilliant examples of
MCR synthesis of privileged scaffolds. Followed by these synthesis,
Isocyanide base Multicomponent reaction (IMCRs)’' such as Ugi
reaction for the Synthesis of a-N-acylamino amides, *Passerini
reaction for the synthesis of a-acyloxy amides,””Van Leusen reaction,”*
Bucherer—Bergs for Synthesis of hydantoins and o-amino acids
etc.>were emerged as classical examples of multicomponent synthesis

of medicinally active scaffolds.
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Isocyanide based multicomponent reactions (IMCRs) are particularly
versatile for the synthesis of privileged scaffold based peptidomimitics
with drug properties.”®Domling et al. reported the synthesis and
evaluation of 1, 4-thienodiazepine-2,5-diones 1.108(an interesting
privileged scaffold) obtained by an Ugi-Deprotection-Cyclization
(UDC) approach.” These compounds were evaluated as inhibitors of
p53-MDM?2 interaction.”®The key step in this synthesis is anU-4CR as
depicted in Scheme 6. Interestingly, the carboxylic acid input 1.110is
generated by another MCR known as the Gewald-3CR (G-3CR).” The
reaction, depicted in Scheme 6, is a multicomponent reaction between
an enolizable ketone or aldehyde, a cyanoacetate and elemental sulfur
to obtain substituted aminothiophenes(privileged scaffold) 1.111which
after Boc-protection and saponification are used as input for the Ugi

reaction (Scheme 7).

S} NH
R!I-N=C R? 2 R3_S<\__NHBoc
® U-4CR \ /| R
—_— {0
0 R* N
RL_-S\_ NHBoc H a 0 M .
W EtO Et0,C HN-R
R4 OH o 1.110
(0] b. e Deprotection/
’ cyclisation
1.109 y

H
RL_S\_N__O "
\ /) Nopi
R4 N
o gr O

1.111 18 examples
12-70% yield

Scheme 6: Synthesis of 1,4-thienodiazepine-2,5-diones by UDC strategy; Reagents

and conditions; (a) MeOH, rt, 2 days; (b) TFA, CH2CI2, rt, 16 h and (c) TBD, Et3N,
THEF, 40° C, 16 h.
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Scheme 7: G-3CR towards aminothiophene

Domling et al. also reported a very short multicomponent synthesis of
praziquantelwhich is a privileged scaffold based commercial drug for
the treatment of schistosomiasis by employing an Ugi reaction
followed by Pictet—Spengler cyclization (Scheme 8) to give 1.114in
75% overall yield.*

2

S)
@.C (0]
N N
MeO T

U-4CR

+ \7AN
(o) MeOH MeO
OMe rt (0]
O* on B
M
OMe 1113
MsOH, 70°C
N 0O

b

0
1.114

>75%
Praziquantel

Scheme8: Synthesis of Praziquantel employing a U-4CR followed by aPictet-
Spengler cyclization.
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Ross and co-workers showed that multicomponent reaction can be
used to prepare already marketed therapeutic compounds quite
simply.*' They showed two examples of this concept by preparing
clopidogrel (Plavix) 1.115and bicalutamide (Casodex)1.116 using
MCR chemistry (Fig. 17). Both these synthesis served as brilliant
examples of the application of MCRs in privileged scaffold based drug

discovery.

bicalutamide
clopidogrel 1.116

1.115
Fig. 17:Structures of clopidogrel (PlavixO) and bicalutamide (CasodexO).

Ross et al. also reported the synthesis of racemic clopidogrel in 3 steps
from commercially available starting materials employing U-3CR as
the key step (Scheme 9). After acidic hydrolysis of the enamide and
subsequent methyl ester formation, rac-clopidogrel1.118is obtained in

73% yield (3 steps).*
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Scheme 9: Synthesis of rac-clopidogrel.

1.5. 1,2,3-Triazole as a privileged scaffold: The applications of

click chemistry in previleged scaffold based drug discovery.

Among the various methods that has been used for the identification of
new privileged scaffold based therapeutics, fragment-based assembly
is versatile and enables the high-throughput identification of small
molecule inhibitors using a minimal number of building blocks.® It
typically involves a two-step process including fragment identification
and fragment assembly. This approach is powerful especially against
protein targets that possess multiple binding pockets in their active
sites, and for targets for which structural information is lacking for the
rational design of protein ligands.*® Among different methods
proposed to assemble the fragments, ‘click chemistry’, pioneered by
Sharplesset al. is highly versatile for the near perfect assembly of
structural scaffolds for generating new chemical entities for drug

discovery and for multipurpose materials development.®

Click reactions as defined by Sharpless is “those reactions which are

modular, wide in scope, high yielding, create only inoffensive by-
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products (that can beremoved without chromatography), are
stereospecific, simple to perform and that require benign or easily
removable solvent”.® A handful of such reactions are now available
for chemists use and among them, the Huisgen 1,3-dipolar
cycloaddition of alkynes and azides, also called Cu-catalysed azide-
alkyne (CuAAC) cycloaddition to form a 1,2,3-triazoles in-between
the reacting partners is the most versatile one for fragment assembly.*
This reaction often proceeds under mild conditions with high yield and
allows achieving complete regioselectivity towards the 1,4disubstituted
adduct without the involvement of any  purification efforts. The
mechanism of the CuAAC reaction involves the formation of a copper
acetylide, 1 followed by the azide binding to the copper through the
displacement of another ligand2. Subsequently, a six-membered
copper (III) metallacycle3 followed by the ring contraction to a
triazolyl-copper derivative4 will be formed and 4 undergoes

protonolysisto afford the triazole derivative as shown in the scheme10.

N\ / ICuLn 1 120
1. 122
Culn_,
R
N—R' R'———cuLn
Nx/ hl
Ny

Scheme 10: Typical CuAAC reaction
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An important feature of the triazole ring is its intrinsic capability to act
as a peptidomimetic scaffold.*’ Triazole ring is considered as a good
non-classical bioisostere of the peptidic bond bearing an improved
stability in biological systems. The triazole ring is planar and displays
similar electronic content and dipole moment as the amide bond. It
possesses an analogous hydrogen-bonding profile, too, with the C2
atom acting as a hydrogen-bond donor, and nitrogen atoms at 4and 5
positions as hydrogen-bonding acceptors with their lone pairs, in the
same way to the nitrogen and oxygen atoms of the amide bond,

respectively.®®

a) R 4 O b) y. R oj’i
A SN ﬁ)\%N
H 5 g N=y R
Peptide Triazole-modified peptidomimetic

Fig. 18: General structures of a) a peptide and b) a 1H-1,2,3-triazole-modified

peptidomimetics
H-bonding H-bonding
. N=N
O: }\I
R )J\ N Ry Rl/x( R
1 | H
H

H-bonding H-bonding

R;-Ry=3.9A R;-R,=5.0 A

Scheme 11: amide-1,2,3-triazole isosterism

CuAAC has several attributes in peptidomimetic chemistry due to the
following reasons. The 1,2,3-triazole ring itself is a privileged scaffold

which is a likely candidate for small molecule drug and it is
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compatible with the side-chains of all the amino acids, in the protected
form. CuAAC is an orthogonal reaction and the triazole unit is
resistant to enzymatic degradation, hydrolysis and oxidation, makingit
an attractive moiety to replace more labile linkers in biologically active
compounds.®There by establish 1,2,3-triazole as an efficient
pharmacophore and are not occurring in natural molecules, yet they are
gifted numerous biological activities. Several reports demonstrated that
CuAAC reaction can be used to generate potent biological active
compounds vial, 2, 3-triazoles ligation and the triazole unit can be

used as surrogates for biologically relevant amide bonds.
1.5.1. Triazole functionalized Macrocycles as privileged scaffolds

Macrocycles occupy a wunique place in various chemical
spaces.”*Thesescaffolds are considered as privileged structures with
the ring structures containing 12 or more atoms with a wide range of
biological activities.” Compared to linear scaffolds, macrocycles are
conformationally restricted molecules with high affinity, selectivity
bioavailability =~ towards  biological  targets.” Macrocyclic
peptidomimetics are a subclass of macrocycles. Macrocycles are
designed to mimic cyclic peptides or proteins to exhibit more desirable
properties and improved pharmacokinetic and physicochemical
properties.93Many synthetic methods are reported in literature for the
synthesis ~ of  macrocycles such as  macrolactomization,
macrolactonization, transition metal catalyzed cross coupling
reactions, ring closing metathesis etc.”*Compared to these cyclization
techniques, CuAAC reaction is unique for the efficient cyclization of
peptide scaffolds in close to natural mode or for the triazole

modification of a peptide macrocycle to the corresponding
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peptidomimetic version with increased biological profile.”” An
example of such triazole modification is the synthesis of triazole
containing Sansalvamide A, 1.123 a cyclic pentapeptide with potential
anticancer activities. The replacement of the amide bond with 1,2,3-
triazole improved the pharmacological activity compared to the parent
peptide1.124.%°

i U N 0
.'O g N° N
\ NH! HN — HN
QP (0] 0
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N
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HN NH H
N N

H o H o
1.123 1.124

Scheme 12:Sansalvamide A and its 1,2,3-triazole containing Macrocyclic
peptidomimetic

Another recently reported example of the use of CuAAC for the
synthesis of macrocyclic peptidomimetics is the synthesis of
foldamers, and the triazole ring has been applied as a peptide bond
surrogate for folding of the molecule to obtain the cyclic ctructures as

shown in scheme 13 given below.”’
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Scheme 13: DOS approach to macrocyclic peptidomimetics via triazole and
diketopiperazineTethering.

1.6 1, 2, 3-Triazoles as privileged scaffolds in linear

peptidomimetics

Similar to macrocyclic peptidomimetics, several 1,2,3-triazole
containing linear peptidomimetics were also reported. A pioneering
example is the solid phase synthesis reported by Meldel group as

shown in scheme 14 below.”®

FnE?Nj\/ Cul
0 —>  FmocHN N\)]\

R N/\lﬁz
Y *ﬁrx

1.130 ‘ SPPS

Bu'0 13 ° \O

Scheme 14 : 1,2,3-triazole peptidomimetic first reported by Meldel group.
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Similarly, 1,2,3-triazole peptidomimetic that mimic B-hairpin structure
were synthesized by sharpless et.al via CuAAC by using insitu
formation of Cu(l) from Cu (II) SO4 and sodium ascorbate in a mixed
solvent system containing water, tertiary butanol and DMSO as shown

in scheme 15.%

CuSO,
)J\ 0.1eq.
Sodium ascorbate N
N
1133 “\\“ Q N

o . H,0/tBuOH/ 1:1 \H/k\)
N N\[ﬁj n Room temp.
P 0 1.135

1.134

Scheme 15: 1,2,3-triazole peptidomimetic first reported by Sharpleset al.

Another interesting example in this category is the triazole

modification of the HIV I protease inhibitor amprenavir to obtain its

more stable and bioactive version as shown in scheme 16 below.'*
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Scheme 16: Synthesis of triazole modified amprenavir.
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1.7 Furan as privileged scaffold

Furan is a five-membered oxygen heterocycle widely distributed in
natural and synthetic products and also abundantly available plant

secondary metabolites.'""

Due to their wide range of biological and
therapeutic applications furan is considered as privileged medicinal
scaffold in drug discovery process.'® Furan derivatives exhibit
excellent pharmacological activities such as antidepressant,
antianaxiolytic,  anti-inflammatory, analgesic, antihypertensive,
antiglaucoma, antimicrobial, anticancer activites.'” The high
therapeutic properties of the furan related drugs encouraged medicinal
chemist to synthesize large number of novel chemotherapeutic agents.
Furan moiety is an integral part of many drugs available in the market.
Ranitidine (Zantac®, GSK) is a commercially available furan
containing drug which act asHistamine H2-receptor antagonist and
lowers stomach acid levels and therefore used to treat stomach
ulcers.'*Nitrofurantoin is an antibiotic used in the treatment of urinary
tract infections.'”In addition to the biological properties furan
incorporated molecules having conjugated double bonds and fused ring
systems have been wused in electronic devices such as

semiconductors,'”® OLEDs,'"” dye sensitized solar celles (DSSC).'%
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Fig.19: furan based drugs available in market.

Furan easily undergo oxidation under chemical and physiological

conditions. The furan photo oxidation based click reactions is an

important strategy in biological labelling. The incorporation of furan

moiety into the biomolecules such as peptide, proteins and nucleic

acids is an important method in site specific labelling. This site-

specific chemical modification of proteins and nucleic acids is helpful

to understand structure and interactions protein and nucleic acids and

also it provides an insights into cellular events. The furan incorporated

peptides and nucleic acids (for e.g DNA) can be subjected to direct

oxidation reaction with N-Bromosuccinimide (NBS),

air, light or

photosensitizers inorder to generate elecrophiles. These reactive
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intermediates can be intercepted by various nucleophiles to form stable

conjugates. '*°

The furan is also useful for peptide labelling through selective
oxidation in aqueous solution to form stable conjugates. The
Incorporation of nucleophilicfluorophores through a cascade reaction
sequence, leads to the efficient construction of site-selectively labeled
fluorescent peptides. This reaction can be used for the site specific

labeling of peptides and proteins and can be carried out in aqueous

solution.
0=

0™\ (o]

jo e W
peptide/ 0,,RB,H,0 peptide/ peptide/

o _ = 0 - >
Brotein Drotein Bioorthogonal protein
ligation

Fig.20: furan based peptide labelling

The furan tagged nucleic acid and a photosensitizer on visible light
irradiation can crosslinks through the formation of covalent bond by
the reaction of exocyclic amino functionalities at the corresponding
position in the complementary strand. Both DNAas well as RNA
targetscan be covalently trapped in this way using furan-modified

oligonucleotide probes.
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Fig.21: Furan mediated interstrand crosslinking in DNA
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In conclusion, this introductory chapter provides a brief perspective
about the emergence of the concept of privileged scaffolds in
medicinal chemistry. Even though there are more than 100 linear,
cyclic and heterocyclic entities are identified as privileged scaffolds,
this review described only selected examples in brief with a special
emphasis to chromene and 1,2,3-traizoles because the peptidomimetic
modification of these two scaffolds are the theme of the research work
presented in the coming chapters. More examples of privileged
scaffolds and their functions in drug discovery process can be seen in
the references listed at the end of this chapter. A schematic
representation of the summary of the work presented in chapters 2-5

are shown in the scheme below

Bifunctional
Linear peptidomimetics

/‘peptlde residue
Qe
4H -pyran
2 type peptidomimetics
Priviicged Scaffold fus ‘ \
Peptidomimetic NH,
4H-pynan Chapter 3
CN
ﬂ / 2 type peptidomimetics
Chapter . . pyrano-4H-pyran or
v < Ieptdesiesidus pyranocoumarin
\: Chapten
Conclusion and
\?“ Bifunctional Wi penspectvie

Macrocyclic peptidomimetics

Furan Macrocycle\
hapte

Furan tagged Macrocylic Peptidomimetics
11-18 membered Macrocycles

Scheme 17: Summary of the work
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2.1 Introduction

The design and synthesis of novel small molecular scaffolds targeting
various biological receptors is one of main goals in the development
of new therapeutics in drug discovery.! The Diversity oriented
synthesis is the most promising protocol to create collections of small
molecules with diverse functionality and capable to interact with
different targeted proteins.” In the first chapter we discussed the
medicinal chemistry applications of a collection of privileged
heterocycles including chromene derivatives and also the short and
efficient MCR-Click synthetic strategies to achieve drug leads based
on them. As discussed in the first chapter, chromene has been a subject
of several kinds of chemical and biological investigations to bring out
its medicinal and materials properties. Among various chromene
derivatives, the 4H-chromenes and pyran annulated 4H-chromenes are
well distributed in various natural and synthetic products.’ Particularly,
2-Amino-3-cyano-4H-chromenes are versatile for the synthesis of
ligands with excellent spasmolytic, antibacterial, anticoagulant and
diuretic activites.* Currently these scaffolds are used for the treatment
of human inflammatory TNFa-mediated diseases like rheumatoid and
psoriatic arthritis and in cancer therapy.’ Fig. 2.1 shows some of the
selected examples of 2-Amino-3-cyano-4H-chromene based

therapeutic agents.
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Fig.2.1: therapeutic agents based on 2-Amino-3-cyano-4H-chromenes.

Similarly, various similar scaffolds have been synthesized and tested
for their invitro anticancer activity against various cancer cell lines.
Crolibulin (EPC2407) is one such compounds which is under phase
I/IT clinical trials against anaplastic thyroid cancer with optimal side
effects®. Typical examples of 2-amino-4H-chromenes with anticancer

activity’ are presented in fig. 2.2.
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H;CO Br OMe
MeO Br
7 NC._COOEt NC_ COOEt
’ |
H,N 0~ "NH, |
NH, Me;N 0" "NH, 0" "NH, 0" NH,
- HA-14-1 SV30
Crolibul
E]r;)cl 22(1)2 MX58161 Inhibitor of Be-1 protein  anticancer and Bel-2
Treatment of solid tumor Tubulin inhibitor inhibitor

Fig. 2.2: 2-amino-4H-chromenes with anticancer activity.

Similar to drug discovery, an equally important field in medicinal
chemistry is the development of small molecule based fluorescent
probes to locate the malignant cells.® Fluorescent labels are specially
designed molecules for interacting with biological targets. The in-vivo
and in-vitro interaction of fluorescent probes with targets causes

changes in the spectroscopic properties of the probe molecule in terms
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of its fluorescence intensity, emission, excitation wavelengths and
fluorescence life time etc. and these changes can be used for the
identification of biological targets.” A broad spectrum of privileged
scaffold based fluorescent dyes are available in the market for labelling
applications. For example, scaffolds such as benzopyrans, rhodamine,
cyanine, and squaraine etc. are used as signaling units in commercial
fluorescent probes, such as Alexa Fluor® AMCA and DyLight
Fluors."If the labeling agent itself is a drug, it is possible to detect the
components of the biological assemblies and imaging and flow
cytometry at the same time without the need of washout (cell washing)
of the leftover imaging agent to avoid background fluorescence. The

development of such 2-in-1 therapeutics are the recent attraction in this

field.
HoN 00 o © H,N 00 4
_N
048 = o Pz N%]/OSU
O H 0

Alexa Fluor(® 350 AMCA-X SE

Fig. 2. 3: Commercially available benzopyran based fluorescent dyes

A careful literature survey revealed that although chromene scaffolds
has been subjected to a plethora of skeletal modifications to enhance
their biological properties, chromene cores functionalized with
unnatural amino acid moieties has not been reported. Since unnatural
amino acid scaffolds are another potential privileged scaffold
structures, we decided to undertake a detailed examination on the
fusion of chromene core with unnatural amino acid derivatives such as

carboxamide and acetamide derivatives to obtain peptidomimetic
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structures to study their photophysical and biological properties. This
chapter presents the detailed description on the “Click with MCR”
synthesis of two types of peptidomimetics A and B as shown in the
scheme below, their fluorescence property evaluation, imaging studies
to explore their probe properties and finally the cytotoxicity evaluation
against human breast cancer cell lines MCF-7 to explore their

anticancer properties.

H,N oN S —
— R
0 . 0
b oAy <
O O AN e
1,2,3-triazole T .
a-acyl amino acid residue
Chromene A
HN e
2 CN : :
o = o) R" o |
O O \ \=N/ . H i
O 1.2.3-triazole B- Amino acid residue
Chromene B

Scheme 2.1: Two types of chromene peptidomimetics A and B presented in

chapter 2
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The rationale to develop such triazole functionalized compounds is
already mentioned in chapter 1. As mentioned in chapter 1, ,2,3-
Triazole moiety is an attractive connecting unit in medicinally active
scaffolds because they are stable to metabolic degradation and capable
to form hydrogen bonds with biomolecular targets and can also
improve the metabolic stability of the drugs. The 1,2,3-triazole moiety
does not occur in nature, although the synthetic molecules that contain
1,2,3-triazole units show diverse biological activities. The importance
of triazole compounds in medicinal chemistry is undeniable. Click
processes can be used for the integration and/or linkage of
biomolecules (polyamines, amino acids, and carbohydrates), drugs,
and other functional molecules with each other through 1,2,3-triazole
ligation leading to the overall improvement in pharmacological
activities. Finally, 1,2,3-triazole cores may form the basis of small-
molecule pharmaceutical leads.

2.2 Result and Discussion
Synthesis of Type 1 peptidomimetics

H,N
2 CN

S

{ 1 )
o /,"“\\ ! E (o] '
7 oh kl
Q o/\‘?(/\’ o W/I(N :

O WEN o gz HO
O 1,2,3-triazole T T

a-acyl amino carboxamide residue

Chromene

Fig. 2.4: General structure of typel chromene peptidomimetics
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Chemistry

2.2.1 Synthesis of alkyne functionalized 2-Amino-3-cyano-4H-

chromene scaffolds

The most straight forward method for the synthesis of 2-Amino-3-
cyano-4H-chromene is a one-pot multicomponent reaction involving
the condensation of malononitrile, an aldehyde and a phenolic
compound in presence of a base catalyst under various reaction
conditions."! A variety of catalysts such as triethyl amine, ionic
liquids, hexadecyltrimethyl ammonium bromide , metal oxides,
nanoparticles, cetyltrimethyl ammonium bromide, organic bases,
DBU etc. were employed to effectively catalyze the reaction.'” in the
present work we have adopted sodium carbonate catalyzed solvent free
method '* for the synthesis of alkyne functionalized chromene

derivative as shown in scheme 2.2.

o
R
Rf\ \ ~_0.__NH,
I _ \ ) = ‘ \‘//L
¢HO EV 80°C,10-20min X NeN
+ CN Na,CO; |
Z z
_OH g 1o
=
R= OCHj;

21

Scheme 2.2: Synthesis of alkyne functionalized 2-amino-4H-chromene

O.__NH, o NH, 0) NH,
s e ee
UL oL
° g g
ﬂ o~
0\/§ O.

2.1a 2.1b 2.1c

Scheme 2.3: Alkyne functionalized chromene scaffolds.
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) -
— so8
Scheme 2.4: A possible mechanism for the formation of chromene

The synthesis of chromene 2.1 involves grinding equimolar quantities
of f-naphthol, malononitrile and a propargylated aldehyde in a mortar
using 10 mol % sodium carbonate as catalyst under solvent free
condition. The grinded mixture was then heated in an oven at 80°C for
20 minutes and subsequently washed with hot water and crystallized
from ethanol to obtain the chromene alkynes and were characterized

by spectroscopic techniques.
2.2.2. Synthesis of a-acyl amino carboxamide azides 2.2a-d

The a-amino acid residues for the synthesis of type 1 peptidomimetics
were synthesised in the form a carboxamide azide 2.2a-d from an Ugi
four component reaction as shown in scheme 2.5." The reaction
between a substituted aldehyde, butyl amine, tertiary butyl isocyanide
and chloroacetic acid in methanol solvent as shown in scheme 2.5
afforded the chloro derivative of the carboxamide. The chloro

derivatives were then treated with NaN; in Dimethyl formamide
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(DMF) at room temperature to afford the a-acyl amino carboxamide

azides designated as “Ugi azides™ 2.2a-2.2l. (scheme 2.6)

R! 9
]\',Hz Cl\)J\N,R1 N3\)I\N,R1
o) Methanol NaN3, K,CO3
+ CN —_— R2 J\”/NH —_— R2 NH
a I
OH (;HO rt, ! DMF

Scheme 2.5: Ugi-4CR to Ugi-type a-amino acyl amide azides

S B St

2.2a 2.2b 2.2d

Scheme 2.6: List of azides 2.2a-d prepared by following an Ugi 4CR

2.2.3. Click chemistry of chromene alkynes 2.1a-c with a-acyl

amino carboxamide azides 2.2a-d.

The chromene alkynes 2.1a-¢ were then ligated to Ugi-azides 2.2a-
d.via Cu (I) catalyzed (3+2) azide-alkyne click cycloaddition
(CuAAC) reaction at Sharpless condition using a catalytic system
comprising of CuS04.5H,0/Sodium ascorbate n t-
butanol/water/DMSO." In a typical reaction the scaffolds 2.1a and
2.2¢ were mixed with 0. 2 equivalent of CuSO4 and 0.4 equivalent of
sodium ascorbate in a mixed solvent system containing ¢-butanol,
water and DMSO in 4:2:1 ratio at room temperature for 12 hours as

shown in scheme 2.7. The reaction mixture was then diluted with cold
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water to afford the click product 2.3a in solid form. The cycloaddition
reactions took place with the near quantitative formation of the 1,2,3-
triazole derivatives and the precipitated product was collected and
purified by simple washing with solvents . The click products were
obtained in 70-81% yield without the aid of any accelerating ligands or
post reaction purification techniques. We have successfully

synthesized 12 such chromene peptidomimetics 2.3a-2.31 are presented

in table 2.1.
4:2:1 NH
1 t BuOH/H20/DMSO
< 2 Sodium ascorbate Q
CuSO,5H,0 48h
H,N CN O

Scheme 2.7: General scheme for the synthesis of 1, 4-disubstituted triazolyl 2-

Amino-4H-chromene scaffolds.
2.2.4. Regioselectivity of the triazole formation.

The regioselectivity of the products were assigned by comparing the
NMR spectral details of the peptidomimetics with the literature values
and also from HPLC analysis. By comparing the J value of the triazole
CH proton with reported value and also by comparing the retention
time obtained from the HPLC profile with literature values, we
confirmed the selective formation of cis-1,4-substituted 1,2,3-triazoles
in our click reactions. The representative HPLC profile of the sample

2.3a is shown in figure 2.5.
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Fig. 2. 5: HPLC profile of the representative sample 2.3a

Table 2.1: List of Type 1 peptidomimetics

Entry Peptidomimetic % yield Abs ., (nm)  Emp(nm)  stokes shift (nm)

Br

2.3a o Q o J;N @ J< 80% 341 451 110
. /N N
BN e, \eN a

. O Q N 76% 373 432
2.3b /N i 59

2.3¢ 82% 372 439 67
2.3d
75% 37 444 73
d
Br
2.3e Q

o
= 7 "N N.
N (L O 0/\(\'/21’ ko 73% 350 419 69

— 76% 350 433 83
i D /\(\N/wr l[ k o

3 /\(\N 2 . k 81% 352 46 64
H
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Table 2.1 cont......

Entry Peptidomimetic % yield AbSmax (nm)  EMmax(nm)  stokes shift (nm)

2.3h QQ 7% 305 444 139

2.3i 75% 306 444 138

® g
2.3 O O @‘\N N}.L 82% 303 441 138
/ 0,

75% 307 442 135

73% 361 438 77

2.3. Photophysical properties of Type 1 peptidomimetics

The photophysical properties of the type 1 peptidomimetics 2.3a-1
were studied by measuring its absorption and emission in DMSO at
varying pH from 0-10. As a representative example, the compound

2.3a showed an absorption maxima centered at 341 nm and an
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emission maxima centered at 451 nm with a Stokes shift of 110 nm
which is significantly larger than some of the commercial
fluorophores. These values are found to be intact to the changes in pH.
The normalized absorption and emission spectra of the sample 2.3a is
shown in fig.2. 6. The fluorescent probes with high specificity and
large stokes shift values are free spectral overlap between absorption
and emission wavelengths and allows the sensitive detection of targets.
Among the 12 peptidomimetics examined, the fluorescence properties
of 2.3b, 2.3¢ and 2.3d are comparable with the photophysical
properties reported for commercial fluorophores such as Alexa Fluor®
405 (Abs/Em: 405 /421nm) and eFluor® 450 (Abs/Em: 405/450 nm).
Compound 2.3h showed Maximum absorption maxima centered at 305
nm and an emission maxima centered at 444 nm with a Stokes shift

value of 139 nm.

1.2

3a(Absy ax-341nm)
110nm 3a(Emy, 5-451(nm)

o
o
'

Absorbance(a.u.)
o
-y

o
N
1

00 1 T 1 ] T 1 ]
250 300 350 400 450 500 550 600 650
Wavelength(nm)

Fig. 2.6: The normalized absorption and emission spectra of the compound 2.3a
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2.4 Evaluation of drug property descriptors

The drug property descriptors of the peptidomimetics were calculated
using an online service, www.molinspiration.com.'® According to the
Lipinski’s rule of five, the drug-likeness of the molecules were
assessed mainly based on their molecular size, lipophilicity as well as
polarity (topological polar surface area; tPSA) Drug like molecules
usually have log P values between -0.4 and 5.6 and a molecular weight
of <500. An orally bioavailable drug will have tPSA between 75 and
160 A."” The strict reliance on the Ro5 may have resulted in lost
opportunities, particularly for difficult targets. A recent report by
Kihlberg et al revealed that beyond rule of 5 (bRo5) molecules are
better candidates for modulating difficult and emerging target classes
especially when binding sites are large and flat or grove-shaped. Such
bRo5 molecules typically possess descriptor values such as MW <
1000 Da, -2 < ClogP < 10, HBD < 6, HBA < 15, and NRotB < 20. In
the case of these new peptidomimetics the drug property descriptors
are not within the Lipinski’s rule of five (Ro5) and they are more
suitable for classified as beyond rule of 5 ( bRo5) molecules.'® This
suggests our new peptidomimetics could serve as lead compounds for
drug discovery related to difficult and emerging target classes. The
drug property descriptors of the compound 2.3a-1 are listed in table

2.2.
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Table 2.2: Drug property descriptors of type 1 peptidomimetics

Number Number
Number | Number | Log | Molecular | Number of OH of
Entry of of P weight of ON NH rotatable
violations | atoms | <5 <500 <10 <5 of bonds
<10
2.3a 3 57 8.75 | 845.20 11 3 11
2.3b 3 57 8.07 | 780.33 11 3 12
2.3c 3 59 731 | 790.80 14 3 13
2.3d 3 57 8.77 | 845.20 11 3 11
2.3e 2 55 8.76 | 815.17 10 3 10
2.3f 2 55 8.02 | 750.30 10 3 11
2.3g 3 57 733 | 760.86 13 3 12
2.3h 2 55 8.78 | 815.17 10 3 10
2.3i 3 56 8.02 | 831.17 11 3 11
2.3j 3 56 691 | 766.30 11 3 12
2.3k 3 58 6.22 | 776.85 14 3 13
2.31 3 56 8.06 | 831.17 11 3 11

2.5 Biological study: The in vitro anti-cancer activity evaluation.

Out of various disease classes, cancer is a major global problem due to

the uncontrolled growth of abnormal cells. Among various cancerous

varieties, breast cancer is the most common form of cancer present in

women and is the second leading cause of death after lung cancer.

According to literature reports, one in every eight women develops

metastatic breast cancer in her lifetime. Therefore, there is a

tremendous need for safe, potent and selective anticancer drugs. Since

chromenes shows excellent cytotoxic activity against various human

cancer cell lines we decided to screen our molecules against human

breast cancer cell line MCF-7
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2.5.1. (A): Cell culture and maintenance

Human breast cancer MCF-7 cells purchased from National Centre for
Cell Science (NCCS), Pune, India cells were maintained in RPMI
medium 1640 supplemented with 10% fetal bovine serum as well as
100 pg/mL streptomycin, 100 U/mL penicillin, 2 mM L-glutamine and
Earle’s BSS adjusted to contain 1.5 g/l Na bicarbonate, 0.1 mM
nonessential amino acids, and 1.0 mM of Na pyruate in a humidified

atmosphere containing 5% CO, at 37 °c.
2.5.1 (B): In vitro cytotoxicity of synthesized 2.3 a

Cell viability was determined by MTT assay. MCF-7 cells were seeded
in 96-well plates at a concentration of 1.0x104 cells/well and incubated
overnight at 379C in a 5% CO, humidified environment. Then the cells
were treated with different concentrations of the sample 2.1f like 10,
20, 30, 40, 50, 60, 70, 80, 90, and 100uM/mL (dissolved with RPMI
medium 1640), respectively. Controls were cultivated under the same
conditions without addition of 2.3a. The treated cells were incubated
for 48 h for cytotoxicity analysis. The cells were then subjected for
MTT assay. The stock concentration (5 mg/mL) of MTT-(3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow
tetrazole) was prepared and 100 pL of MTT was added in each
wells and incubated for 4 h. Purple colour formazan crystals
were observed and these crystals were dissolved with 100 uL
of dimethyl sulphoxide (DMSO), and read at 620 nm in a
multi well ELISA plate reader (Thermo, Multiskan). The dose
dependent cytotoxicity was observed in the case of 2.3a treated MCF-7
cells. Fifty percentage of cell death, which determines the inhibitory
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concentration (IC50) value of 2.3a against MCF-7 cells holds at 60 uM
in 48 h (Fig. 2.7). Which indicates that these molecules exhibit

increased bioavailability and have tremendous anticancer potential.
Bioimaging studies

2.5.1 (C): DAPI (4, 6-Diamidino-2-phenylindole, dihydrochloride)

staining

MCEF-7 cells were treated with 2.3a at its IC50 concentration
(60wmL) for 48 h, and then fixed with methanol: acetic acid
(3:1, v/v) prior to washing with PBS. The washed cells were then
stained with 1 mg/mL DAPI (4, 6-diamidino-2-phenylindole,
dihydrochloride) for 20 min in the dark atmosphere. Stained images
were recorded with fluorescent microscope with appropriate excitation
filter. The bright filed and fluorescence microscopic images are shown
in Fig. 2.8. As shown in Fig. 2.8. The strong bluish fluorescence and
cellular uptake observed in the imaging studies with 2.3a reveals that

these molecules can act as a torch for locating maligned cell lines.

“““llul

Control 10 uM 20 pMI 30 pM 40 M 50 pM 60 M 70 pM 80 pM 90 M 100 pM
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Cell viability (%)
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=

Fig. 2.7: MTT assay results confirming the in vitro cytotoxicity effect of 2.3a
against the MCF-7 cells. The detected IC50 concentration was 60 uM.
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Cell Morphology

DAPI

Fig. 2. 8: Bright field inverted light microscopy images (a, b, ¢) and the DAPI nuclear
staining (d, e, f) of control cells and 2.3a treated cells. The DAPI images exhibits condensed
form of nuclear materials in apoptotic cells.

2.6 Synthesis of type 2 peptidomimetics: p-amino acid motifs

functionalized chrome peptidomimetics

H,N D -
CN ! !
o’ ‘o R0
% 4 AE R R?
v N=N/ o H H

-’

1.2 3-triazole P~ Amino acid residue

Chromene
Fig.2.9: General structure of f-amino acid motifs functionalized peptidomimetics

The studies were extended to the randomization of alkynes 1 with f-
amino acid residues to obtain the Type 2 peptidomimetics. The p-
amino acid residues were synthesized in the form of an acetamide from

an alternative Mannich type reaction. These keto acetamides are the
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key components/intermediates of various pharmaceuticals and natural
products such as B-amino acids, B-lactams, B-amino alcohols etc.'’ In
this reaction a bromo propionitrile react with a pair of enolizable
(usually a ketone) and a non enolizable (aldehyde) oxo compounds in
presence of an acid chloride and CuSO, as catalyst resulted in the
formation of a bromo derivative of f-keto amides. These bromo
derivatives were then converted to corresponding azide derivative by
treating with sodium azide in presence of potassium carbonate in DMF
at room temperature. The azide-functionalized f-amino acid type
peptide residues 2.4a—f were obtained from these two-step process are

shown in Scheme 2.8.

rRE ] i 0
3 )J\GR Br/\)LNH o DMF N3/\)LNH o
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4. N3/\)I\NH o 6. N3/\)LNH o
CCOL o, O
2.4b ,)\zzud\‘\cl Br 2.4f Br
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Scheme 2.8: Synthesis of acetamide azides (f-amino acid equivalents) from an
alternate Mannich type reaction

The chromene alkyne 2.1a—c¢ and the acetamide azides 2.4a—f were
then subjected to click cycloaddition reactions as shown in Scheme 2.9

to obtain the Type 2 peptidomimetics 2.5a-l. As shown in Table 2.3,
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the peptidomimetics were obtained in good to excellent yield as
precipitates from the reaction mixture. It is worth mentioning that the
aqueous workup afforded solely the 1, 4-regioisomer of the triazole
peptidomimetics and the regioselectivity of the products were assigned
by comparing the NMR spectral details of the peptidomimetics with
the literature values and also from comparison of the HPLC results.

/
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Rf/‘ NG XN K
NH, \ « |

=

X X
o
N3 NH O 1.tBuOH/H,O0/DMSO
Gy - gt S e )
o

2. Sodium ascorbate/ CuSO,

Scheme 2.9: General scheme for the synthesis of 1, 4-disubstituted triazolyl 2-
Amino-4H-chromene scaffolds.
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Fig. 2. 10: HPLC profile of the representative sample 2.5a
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Table 2.3: List of type 2 peptidomimetics

Entry Peptidomimetic % yield Absmax (nm)  EMmax(nm)  stokes shift (nm)
OCH, N=N.N Br
CN oAy 1(0 O
HN HN 80% 352 434 82
2.5a [o)
99 iy
OCH;, N—"{N ¢l
o e O
HN_ HN 73% 372 434 62
2.5b o i i o
cl
OCH; N-= cl
0\/K/N
P
2.5¢ y,N y
o 72% 375 434 59
99 e
OCH; NN cl
O\A/Nu O
2.5d HZN =z O
o 76% 370 434 64

¢ ’

CN O\/k/ \\\(
H,N
=z
o OO 73% 351 409 58
N
CN 0\/K/
2.5 HzN
74% 350 419 69
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Table 2.3 cont....

Entry Peptidomimetic % yield Abs., (hm)  Empay(nm)  stokes shift (nm)

80% 374 434 60

OCH;
\(\;= ;i 7% 349 434 85
N o\/k/N 0 O
2.5h HN
o F

/‘K, N \\<°
g D
. NG 5
2.5 HNY O W 70% 379 436 63
RGOSR ¥
N-N O
(K/N (o]
0 Q
2.5j HzN O 76% 373 434 64
g 0
N-N
AN\\KO e
Ne © D
2.5k H,N O we 76% 348 434 86
RGN
N<N
(K/N o c Br
Nc © O
2.51 HN ) O W 78% 346 409 63
RO
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2.7 Photophysical property evaluation

Similar to type 1 peptidomimetics, the photophysical properties of type
2 peptidomimetics 2.5a-1 were also evaluated under the same
conditions mentioned in the previous case and the absorption, emission
and stokes shift values are listed in the table 2.3. The normalized
absorption and emission spectra of the representative sample 2.5a is
shown in fig.2.11 Compound 2.5a showed an absorption maxima
centered at 352 nm and an emission maxima centered at 434 nm with a
Stokes shift value of 82 nm. Fluorophores with large stokes shifts are
valuable tools for multicolour experiments to reduce the number of
detection channels, to overcome cross-talk and simplifying the imaging
scheme. In the case of compounds listed in table 2.3 they exhibit large
stokes shift values compared to the commercially available
fluorophores. Compound 2.5g showed Maximum absorption maxima
centered at 349 nm and an emission maxima centered at 434 nm with a
Stokes shift value of 85nm which is comparable with commercial
fluorophores. Also all molecules exhibit large stokes shift values
which is comparable with commercial fluorophores. Generally, the
type 2 peptidomimetics, 2.5a-d and 2.5h-j were showed absorption
maxima around 370 nm and emission maxima close to 450 nm which
are comparable with the photophysical properties reported for
commercial fluorophores such as Alexa Fluor® 405 (Abs/Em: 405
/421nm) and eFluor® 450 (Abs/Em: 405/450 nm).
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Fig. 2.11: Normalized absorption and emission spectra of 2.5a.
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2.8 Evaluation of drug property descriptors

B50

The drug property descriptors of type 2 peptidomimetics were also

calculated and are also best fit for the beyond rule of five (bRo5)

molecules. The drug property descriptor values are listed in the table

2.4.

Table 2.4: The drug property descriptors of type 2 peptidomimetics

Number Log | Molecular | Number Number | Number
Entry of Number p weight of ON of OH of

violations of atoms 5 <500 <10 NH rotatable

<5 of bonds
2.5a 3 55 6.96 818.13 11 3 13
2.5b 3 55 6.88 773.68 11 3 13
2.5¢ 3 55 6.83 773.68 11 3 13
2.5d 3 55 6.32 757.22 11 3 13
2.5¢ 2 53 7.55 832.55 10 3 12
2.5 2 53 7.29 743.65 10 3 12
2.5g 2 53 7.24 743.65 10 3 12
2.5h 2 53 6.73 727.20 10 3 12
2.51 2 53 6.44 743.65 10 3 12
2.5j 2 53 5.93 727.20 10 3 12
2.5k 2 53 6.49 743.65 10 3 12
2.51 2 53 6.75 832.55 10 3 12
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2.9 Biological study: The in vitro anti-cancer activity evaluation.

The representative sample 2.5a was analysed for its invitro
cytotoxicity against human breast cancer cell lines based on the same

procedure as in the case of type 1 peptidomimetics
2.9.1. (A): Cell culture and maintenance

Human breast cancer MCF-7 cells were maintained in RPMI medium
1640 supplemented with 10% fetal bovine serum as well as 100 pg/mL
streptomycin, 100 U/mL penicillin, 2 mM L-glutamine and Earle’s
BSS adjusted to contain 1.5 g/l Na bicarbonate, 0.1 mM nonessential
amino acids, and 1.0 mM of Na pyruate in a humidified atmosphere

containing 5% CO, at 37 °c.
2.9.1 ( B): In vitro cytotoxicity of 2.5a against MCF-7 cells

Cell viability was determined by MTT assay. MCF-7 cells were seeded
in 96-well plates at a concentration of 1.0x104 cells/well and incubated
overnight at 37°C in a 5% CO; humidified environment. Then the cells
were treated with different concentrations of the sample 2.5a such as
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100uM/mL (dissolved with
RPMI medium 1640), respectively. Controls were cultivated under the
same conditions without addition of 2.5a. The treated cells were
incubated for 48 h for cytotoxicity analysis and then subjected for
MTT assay. The stock concentration (5 mg/mL) of MTT-(3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a  yellow
tetrazole) was prepared and 100 pL of MTT was added in each
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wells and incubated for 4 h. Purple colon formazan crystals
were observed and these crystals were dissolved with 100 uL
of dimethyl sulphoxide (DMSO), and read at 620 nm in a
multi well ELISA plate reader (Thermo, Multiskan). The dose
dependent cytotoxicity was observed in the case of 2.5a treated MCF-7
cells. Fifty percentage of cell death, which determines the inhibitory
concentration (IC50) value of 2.5a against MCF-7 cells holds at 50
puM/mL in 48 h (Fig. 2.12). Which indicates that these molecules
exhibit increased bioavailability and have tremendous anticancer

potential.

2.9.1 (C): DAPI (4, 6-diamidino-2-phenylindole, dihydrochloride)

staining

MCEF-7 cells were treated with 2.5a at its IC50 concentration
(50M/mL) for 48 h, and then fixed with methanol: acetic acid
(3:1, v/v) prior to washing with PBS. The washed cells were then
stained with 1 mg/mL DAPI (4, 6-Diamidino-2-phenylindole,
dihydrochloride) for 20 min in the dark atmosphere. Stained images
were recorded with fluorescent microscope with appropriate excitation
filter. The bright filed and fluorescence microscopic images are shown
in Fig. 2.13. As shown in this the strong bluish fluorescence and
cellular uptake observed in the imaging studies with 2.5a reveals that

these molecules have shown activity against breast cancer cell lines

(MCF-7).
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Fig.2. 12: MTT assay results confirming the in vitro cytotoxicity effect of 2.5a
against the MCF-7 cells. The detected IC50 concentration was 50 uM.
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Fig. 2.13: Bright field inverted light microscopy images (a, b, c¢) and the DAPI nuclear
staining (d, e, f) of control cells and 2.5a treated cells. The DAPI images exhibits condensed
form of nuclear materials in apoptotic cells.

2.10 Conclusion:

In conclusion, we have developed a step economic and green strategy
for the synthesis of a library of fluorescent chromene peptidomimetics
with 2-in-1 properties such as fluorescent imaging and potential

anticancer activity using a “Click with MCRs” concept. The fragments

70



(both chromene and peptide) were synthesized via multicomponent
coupling reactions and were assembled using copper (I) catalyzed
[3+2] azide-alkyne click chemistry. A total of 3 new alkynes, 10 new
azides, and 24 new peptidomimetic fluorophores with anticancer
activity were synthesized and discussed in this chapter. Fluorescence
spectroscopic studies indicated that the efficiency of the new
compounds, especially the Type 2 peptidomimetics are comparable
with commercial Alexa Fluor® 405 and eFluor® 450, which are
extensively used in flowcytometry. Similarly, the computation of drug
property descriptors and the invitro cytotoxicity studies against human
breast cancer cell lines MCF-7 suggests that, these molecules could
modulate difficult target classes that have large, flat, and groove-
shaped binding sites. This chapter has been published as a full length
article in Molecular diversity (Springer) the copy of the paper is
appended at the end of the thesis.

2.11 Structural characterization

2.11.1 Structure identification of 3-Amino-I1-(2-(prop-2-yn-I-
yloxy)phenyl)-1H-benzo[f]chromene-2-carbonitrile 2.1a

Fig. 2.14: structure of 2.1a
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The alkyne functionalized chromene 2.1a is taken as a representative
example for a general discussion on structure elucidation. The
compound is numbered as shown in fig. 2.14. The FT-IR spectrum of
the compound shows major absorptions at 3420, 3274, 3030, 2224,
2130, 1586, 1559, 1509 cm . The band at 3420 cm™ is due to the
stretching vibration of free NH, group. The band at 2224 cm™ due to
the stretching vibration of C-N triple bond of nitrile group. The strong
C-H stretching band of alkyl group is observed at 3274 and the weak
band at 2130 represent the stretching vibration of C-C triple bond.

Fig. 2.15: FT-IR spectrum of compound 2.1a

The initial information obtained from FT-IR spectrum was further
confirmed by '"H NMR analysis (Fig.2.16). The singlet observed at &
8.75 in the 'THNMR is attributed to -NH, proton at position 15. The
singlet observed at 6 3.31 due to the CH proton at position 26. The
singlet proton observed at ¢ 3.39 is attributed to —CH, proton at
position 24. The singlet proton at & 5.00 is due to the proton at C-12.
The aromatic protons were observed as six set of signals such as 2
proton singlet at ¢ 7.13, a doublet at 7.20 with a J value of 7.5Hz, a
doublet at 7.37 with a J value of 8Hz, multiplet between 6 7.67-7.77,
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doublet at 6 7.80 with a J value of 8.5 Hz, a doublet at & 8.00 with a J
value of 8Hz. The structure was further confirmed by *C NMR. The
peak at & 22.4 corresponds to the carbon at C-12 position. The peak
observed at 6 78.2 and 79.2 corresponds to the carbons at position 25
and 26. The signal at & 56.4 corresponds to the carbon at position 24.
The signal at 6 59.2 corresponds to the carbon at position 13. The
signal at 6 171.9 corresponds to the carbon at position 14. The
aromatic carbons are observed at 6112.9, 121.7-129.8, 130.5-133.9,
156.5, and 200.8. The peak observed at m/z 353.37 (M+) in the mass

spectrum (Figure 2.18) further confirms the structure of the compound.
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Fig. 2.16: '"H- NMR spectrum of compound 2.1a
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Fig. 2.17: 3C NMR spectrum of compound 2.1a
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Fig. 2.18: EI-MS of compound 2.1a
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2.11.2 Structure identification of 2-Azido-N-benzyl-N-(2-(tert-
butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 2.2a

25
24 26

21
23

NJ/I\H/ 9 Nﬂ—é 2

liCl 27

13 1
12

2.2a

Fig.2.19: structure of 2.2a

The o-acyl amino acetamide 2.2a was taken as the
representative example for the structure elucidation. The compound is
numbered as shown in fig. 2.19. The FT-IR spectrum of the compound
showed major absorptions at 3304, 2101, 1685, 1649, 1552. The band
observed at 3304 cm™ is due to the NH stretching vibration of the
acetamido group. The amide I band, i.e., band due to the C=0O
stretching vibration observed at 1685 ¢cm™ and the amide II band
which arises from the interaction between the N-H bending and the C-
N stretching of the C-N-H group is obtained at 1586 cm-1. The
absorption at 1649 cm™ is due to the C=0 stretching vibration of the

ketone group.

Fig. 2.20: FT-IR spectrum of compound 2.2a
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The preliminary information obtained from FT-IR spectrum was
further confirmed by "H NMR analysis. The 9 proton singlet observed
at 0 1.15 corresponds to the three -CH3 group present at position at 18,
19 and 20. The singlet at 6 1.62 is due to the —CH, group at the
position 1. The singlet observed at 6 4.58 is attributed to —CH, protons
at position 6. The singlet at 6 6.38 is attributed to —CH proton at
position 7. The aromatic protons were observed between & 6.95-7.26.

The NH proton singlet observed was observed at 6 7.53

W

.

1 |
|V Vu.__g .._,7,"-;__ - WAVA

Heth H H £

Fig. 2.21: "H-NMR spectrum of compound 2.2a

The structure was further confirmed by *C NMR analysis. The peaks
observed at 6 30.6, 30.8, 31.1 are corresponds to the carbons at
position 18, 19 and 20. The peak observed at & 42.7 corresponds to the
carbon at position 6. The peak observed at ¢ 48.3 corresponds to the
carbon at position 17. The peak observed at 6 51.7 corresponds to the
carbon at position 1. The peak at 6 52.2 corresponds to the carbon at
position 7. The aromatic protons were observed at 6126.8-129.7, and at

130.1-137.9. The peak observed at 6 167.0 corresponds to the carbon
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at position 9 and the signal due to carbon at position 9 was observed at

0 167. 2.

| 1

Fig.2.22: "> C-NMR spectrum of compound 2.2a

12087 136.0 Peak #1
1 ot (144
800

-
6.0x10"

Intensity

400107

2 0107

ll 8 | 1 ; - | | e - - - T T - . T T
200.00 400.00 600 00 80000 1000.00
mz

00

Fig. 2.23: Mass spectrum of compound 2.2a

2.11.3 Structure identification of 2-(4-((4-(3-Amino-2-cyano-1H-
benzolf|chromen-1-yl)-2-methoxyphenoxy)methyl)-1H-1,2,3-triazol-
1-yl)-N-(4-bromophenyl)-N-(2-(tert-butylamino)-1-(2-chlorophenyl)-
2-oxoethyl)acetamide 2.3a
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Fig. 2.24: structure of compound 2.3a

The chromene-triazole-carboxamide conjugate named as type one
peptidomimetics obtained by the click ligation reaction of alkyne
functionalized chromene and Ugi azide 2.3a is taken as a
representative example of this library for the structure elucidation. The
compound is numbered as shown in fig.2.24. The FT-IR spectrum of
the compound shows major absorptions at 3422, 3422, 3369, 2923,
2853, 2224, 1649, 1669, 1586, 1566cm . The band at 3369 cm™ is due
to the NH stretching vibration of the acetamido group. The amide I
band, i.e., band due to the C=O stretching vibration occurs at 1669 cm
" and the amide II band which arises from the interaction between the
N-H bending and the C-N stretching of the C-N-H group is obtained at
1586 cm™. The absorption at 1649 cm™ is due to the C=0O stretching
vibration of the ketone part. The band at 3422cm™ is due to the
stretching vibration of free NH, group. The band at 2224 cm™ due to
the stretching vibration of C-N triple bond of nitrile group.
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Fig. 2.25: the FT-IR spectrum of the compound 2.3a

The initial information obtained from FT-IR spectrum was further
confirmed by 'H NMR studies. Fig. 2.26. The 9 proton singlet
observed at 6 1.15 corresponds to the three -CHj; group at the position
at 48, 49 and 50. The singlet observed at 6 3.82 due to the three -OCHj3
proton at position 51. The singlet at & 4.81 due to the CH, proton at
position 56. The singlet proton observed at & 4.91 attributed to —-CH
proton at position 14. The singlet proton at 6 5.33 is due to the -CH
proton at C-12. The aromatic protons observed as four set of signals. 2
proton singlet at 6 5.89, a singlet at 6.31, the multiplet between 6 7.06—
7.66, a singlet at & 8.23. The singlet observed at & 8.38 is attributed to
—NH,; proton at position 17. The structure was further confirmed by
C NMR. The peak at & 24.8 corresponds to the carbon at C-14
position. The peak observed at 28.6, 28.7, and 28.8 corresponds to the
carbon atom at positions 48, 49 and 50. The peak at 6 68.8 corresponds
to the carbon at position37. The peak observed at & 75.2 corresponds
to the carbon at position 54. The aromatic carbons are observed at
0112.8-117.4, 121.2-129.6, 131.9-138.6, 148.6-151.8, 165.3, and
168.3. The signal at 6 177.3 corresponds to the carbon at position
12.The peak at m/z 862.17(M+1) in the mass spectrum (Fig. 2.28)

further confirms the structure of the compound
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Fig. 2.27: The 1H-NMR spectrum of the compound 2.3a
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Fig. 2.28: the MALDI-Mass spectrum of the compound 2.3a

2.11.4 Structure identification of 3-Azido-N-(1-(2-chlorophenyl)-3-
(4-chlorophenyl)-3-oxopropyl)propanamide
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Fig.2.29: structure of compound 2.4a

The FT-IR spectrum of the compound showed major absorptions at
3294, 2923, 2852, 2112, 1683, 1646, 1588. The band at 3369 cm™ is
due to the NH stretching vibration of the acetamido group. The amide I
band, i.e., the band due to the C=O0 stretching vibration of (C18) occurs
at 1646 cm™ and the amide IT band which arises from the interaction

between the N-H bending and the C-N stretching of the C-N-H group

81



is obtained at 1588cm™. The peak observed at 1686cm™ is due to the

C=0 stretching vibration of the ketone part at position 10.

Fig. 2.30: the FT-IR spectrum of the compound 2.4a

The initial information obtained from FT-IR spectrum was further
confirmed by 'H NMR studies. The triplet at & 1.73 due to the CH,
proton at position 21. The triplet observed at & 2.45 due to the CH;
proton at position 19. The doublet of doublet observed at 6 2.67 and &
3.38 is attributed to—CH proton at position 9. The singlet at 6 5.46 due
to the -CH proton at position 7. The aromatic protons were observed
between 6 6.89-7.43 (multiplet) and one proton doublet with J=7 Hz at
7.41-7.43.

82



Fig. 2.31: the 'H-NMR spectrum of the compound 2.4a

Fig. 2.32: The "C-NMR spectrum of the compound 2.4a

The structure was further confirmed by ?C NMR. The peak observed
at 0 35.6 corresponds to the carbon at C-19 position. The peak at 6 46.4
corresponds to the carbon at C-21position. The peak observed at o
48.2 corresponds to the carbon atom at positions 7. The peak at 6 77.3
corresponds to the carbon at position 9. The aromatic carbons are
observed at 0128.3-128.9, 130.3-137.6, and at 140.2-141.4. The signal
at 6197.5 corresponds to the carbon at position 10. The signal at o

169.1 corresponds to the carbon at position 18. The structure was
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further confirmed by Mass spectral analysis, EI-Ms:

C18H16C12N402Z 391.25 and found: 3910(M+)

810

1581

nnnnn

m/z calculated for

1.210800+006

o

Fig.2.33: the Mass spectrum of the compound 2.4a

2.11.5: Structure identification of 3-(4-((4-(3-Amino-2-cyano-1H-

benzo[f]chromen-1-yl)-2-methoxyphenoxy)methyl)-1H-1,2,3-triazol-

1-yl)-N-(1-(4-bromophenyl)-3-(2-chlorophenyl)-3-
oxopropyl)propanamide
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Fig. 2.34: structure of compound 2.5a

The chromene-triazole-ketoamide peptidomimetic 2.5a was taken as a
representative example for a discussion on structure elucidation. The
compound is numbered as shown in fig.2.34. The FT-IR spectrum of
the compound showed major absorptions at 3424, 3279, 2925, 2853,
2224, 1746, 1651, 1686, 1566 cm™. The band at 3369 cm™ is due to
the NH stretching vibration of the acetamido group. The amide I band,
i.e., the band due to the C=0 stretching vibration of (C-30) occurs at
1651cm-1 and the amide II band which arises from the interaction
between the N-H bending and the C-N stretching of the C-N-H group
is obtained at 1566cm™ . The absorption at 1686 cm™ is due to the C=0
stretching vibration of the keto grop at position 36. The band at 3424
cm™ is due to the stretching vibration of free NH, group. The band at

2224 cm™ due to the stretching vibration of C-N triple bond of nitrile
group.
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Fig.2.35: FT-IR spectrum of compound 2.5a

The initial information obtained from FT-IR spectrum was further
confirmed by 'H NMR analysis. The triplet at observed & 2.66 is due to
the CH; proton at position 49. The doublet of doublet observed at 3.23
is attributed to the CH proton at position 35. The singlet observed at &
3.82 is due to the three —OCHj; proton at position 52. The triplet at o
4.06 is attributed to the CH; proton at position 50. The singlet observed
at § 4.98 is attributed to the proton at carbon 14. The singlet at & 5.62
due to the CH; proton at position 24. The singlet at 6 5.46 due to the -
CH proton at position 33. The aromatic protons were observed in the
following regions. One proton singlets at & 6.31, 6.63, 6 6.87 and a
multiplet between & 7.27-7.89. The triazole proton was observed at &
7.57. The singlet observed at 6 8.23 is due to the NH proton at position
31. Finally, the singlet observed at 6 8.38 is attributed to —-NH, protons

at position 22.
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Fig. 2.36: 'H-NMR spectrum of compound 2.5a

The structure was further confirmed by *C NMR. The peak observed
at 0 28.1 corresponds to the carbon at C-14 position, the peak at 6 30.9
corresponds to the carbon at C-49 position, the peak observed at o 45.5
corresponds to the carbon atom at positions 50 and the peak at & 56.7
corresponds to the -OCH3; carbon at position 52. The peak at 6 59.2
corresponds to the carbon at position 13 and the peak observed at 6
72.2 corresponds to the carbon at position 35. The peak at 6 73.5
corresponds to the carbon at position 24 and the peak observed at o
117.3 corresponds to the carbon at position 21. The aromatic carbons
were observed at 6111.4-114.3, 121.9-129.0, 131.2-138.5, and 141.3-
142.8. The signal at 6150.0 corresponds to the carbon at position 9.
The signal at & 172.24 corresponds to the carbon at position 30. The
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signal at & 177.4 corresponds to the carbon at position 12. The signal at
0 206.8 corresponds to the carbon at position 36. Final confirmation of
the structure of the compound was obtained from mass spectral
analysis. MALDI: m/z calculated for C4,H34BrCIN¢Os: 818.08, found:
819.040(M+1). (fig.2.38)
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Fig. 2.37: >C-NMR spectrum of compound 2.5a

i u.._.,_.\,li l 'Lu.J.L_LL._..._._,_\;_

Fig. 2.38: Mass spectrum of compound 2.5a
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2.12. Experimental Section

IR spectra were recorded on a JASCO-FT/IR-4100 Fourier transform
infrared spectrometer by making KBr pellets of the samples. 'H and
>C NMR spectra were determined in DMSO using a Bruker amx 500
MHz spectrometer. The chemical shifts (3) are given relative to
tetramethylsilane (TMS) and the coupling constants (J) are reported in
hertz (Hz). Electron spray ionization mass spectra were recorded with
a Thermo scientific exactive mass spectrometer. HPLC analysis was
done using aDionex Ultimate 3000 system. Fluorescence spectra were
recorded with a Perkin Elmer LS 45 spectrometer. MALDI-TOF mass-
spectra of the compounds were obtained from a Bruker Ultraflextreme
using 2, 5-dihydroxybenzoic acid as a matrix and a ground steel target

plate.

2.12.1. General experimental procedure for the synthesis of 3-
Amino-1-(2-(prop-2-yn-1-yloxy)phenyl)-1H-benzo[f]chromene-2-

carbonitrile2.1a: A mixture of propargylated aromatic aldehyde(160
mg, Immol),2-naphthol (144mg, 1 mmol), malononitrile (66mg,
Immol) and sodium carbonate (0.106 mg, 0.01lmmol) were mixed
together by using a mortar and pestle. The resulted solid was heated in
an oven at 80°C for 10 min. After cooling, the mixture was washed
with hot water and the solid separated was filtered and dried. The solid
was then recrystallized from hot ethanol to obtain pure 1a: 300mg
white solid M.P :110-112° C. '"H NMR (DMSO0,500MHz), d (ppm):
3.319 (s,1H, CH), 3.398(s,2H), 5.00(s,1H), 7.089(d,2H, J=8.5Hz),
7.130(s,2H), 7.208 (d,2H, J=7.5Hz), 7.37(d,1H, J=8Hz), 7.672-7.776
(m, 3H), 7.809 (d,2H, J=8.5 Hz), 8.006(d,1H,J=8Hz), 8.022 (S, 1H,
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J=8Hz). *C NMR (DMSO-(d6), 125 MHz) dc¢ (ppm):22.4, 56.4, 59.2,
78.2, 79.2, 112.9, 117.1, 117.9, 121.7, 122.8, 126.9, 128.5, 128.5,
129.8, 130.5, 130.5, 132.7, 133.8, 133.9, 156.5, 171.9, 200.8. IR (KBr)
v max:3274, 3030, 2921, 2851, 2224, 2130, 1747, 1601, 1586, 1559,
1509, 1454, 1428, 1375, 1318, 1261, 1237,1186, 1125, 1009, 9680,
937, 835, 818, 720, 664, 632, 612, 534, 463, 446 cm™ . m/z calculated
for Cy3H6N,0, :352.3847 and found : 353.37 (M+).

2.12.2. 3-Amino-1-(4-(prop-2-yn-1-yloxy)phenyl)-1H-benzol[f]
chromene-2-carbonitrile 2.1b: 310mg, as white solid, M.P. 111-
113°C. 'TH NMR (DMSO0,500 MHz), 5 (ppm): 3.13 (s,1H, CH), 3.681
(s,2H), 4.978 (s,1H), 7.096 (s,2H), 7.208 (d,2H, J=8Hz), 7.37 (d,1H,
J=8Hz), 7.672-7.776 (m, 3H), 7.809 (d,2H, J=8.5 Hz), 8.006
(d,1H,J=8Hz), 8.022 (S, 1H, J=8Hz). *C NMR (DMSO-(d6), 125
MHz) dc (ppm): 22.3, 56.3, 59.2, 78.2, 79.2, 112.9, 117.1, 117.9,
121.8, 122.8, 126.9, 128.5, 128.5, 129.8, 129.9, 130.4, 130.5, 132.6,
133.8, 133.8, 156.5, 171.9. IR (KBr) v max : 3281, 3111, 3046, 2921,
2224, 2120, 1971, 1890, 1597, 1584, 1563, 1481, 1457, 1446, 1364,
1312, 1300, 1272, 1222, 1202, 1163, 1107, 1054, 1020, 1008, 953,
928, 854, 812, 764, 732, 707, 664, 6142, 631, 614, 542, 493, 479, 449,
414cm™. m/z calculated for Cy3Hi6N2O5 :352.3847 and found: 353.37
(M+).

2.12.3. 3-Amino-I1-(3-methoxy-4-(prop-2-yn-1-yloxy) phenyl)-1H-
benzo[f]chromene-2-carbonitrile 2.1c: 330mg as yellow solid, M.P
111-113°C. 'H NMR (DMSO, 500MHz), oy (ppm): 3.339 (s, 1H),
3.675 (s, 1H), 3.827 (s, 3H), 4.981 (s, 1H), 7.089(d, 2H, J=8.5Hz),
7.130(s, 2H) ,7.208 (d, 2H,J=7.5Hz), 7.37 (d, 1H, J=8Hz), 7.672-7.776
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(m, 3H), 8.006 (d,1H,J=8Hz), 8.022 (d,1H,J=8Hz). °*C NMR (DMSO-
(d6),125MHz) dc (ppm):27.9, 54.3, 56.2, 59.3, 78.2, 79.2, 112.9,
117.1, 117.9, 121.8, 122.8, 122.8, 128.7, 128.8, 128.9, 129.8, 129.8,
130.9, 130.9, 132.7, 134.8, 139.8, 157.4, 172.9. IR (KBr) v max :
3363, 3279, 3029, 2966, 2857, 2613, 2312, 2223, 2129, 1629, 1598,
1585, 1562, 1514, 1456, 1448, 1417, 1380, 1344, 1305, 1273, 1254,
1206, 1147, 1013, 958, 853,802, 767,741, 699, 653, 621, 611,552,
480,463,419cm'1. m/z calculated for Co4HisN>O5 :382.4106 and found
: 382.32 (M+).

2.12.4. General experimental procedure for the synthesis of 2-{[N-
Benzyl-(N-1-azidopropan-2-one)-N-tert-butyl-2-(2-chlorophenyl)]}

acetamide 2.2a: An equimolar amount of 2-chlorobenzaldehyde (140
mg, 1 mmol), and benzyl amine (107 mg, 1 mmol), were taken in
dichloromethane (8 ml), and stirred at room temperature for 20 min. to
form the Schiff-base. To this, 1 equivalent of tertiary -butyl isocyanide
(94 mg, 1 mmol) and chloroacetic acid (83 mg, 1 mmol) were added
and stirring was continued at room temperature. The reaction was
monitored by TLC and found to complete after 48h. The solvent was
evaporated under vacuum and the residue was washed with petroleum
ether (5 -15 ml) to afford the chloro derivative of the Ugi reaction
product (carboxamide chloride). In a subsequent step, the carboxamide
chloride (407 mg, 1 mmol), K,CO3 (414 mg, 3 mmol), and NaN; (65
mg, 1 mmol) were stirred at room temperature for 4 h in dimethyl
formamide. After completion of the reaction, the reaction mixture was
poured into ice cold water. The solid product obtained was filtered and

dried under vacuum to afford 2-{[Nbenzyl-(N-1-azidopropan-2-one)-
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N-tert-butyl-2-(2-chlorophenyl)]} acetamide 2.2a 0.335 g (yield 81%)
as white solid. M.P. 151-.153°C. 'H NMR (CDCl;, 500 MHz) &y
(ppm): 1.25 (s, 9H), 1.62 (s, 2H), 4.58 (s, 2H), 6.38 (s, 1H), 6.95-7.26
(m, 9H), 7.53 (s, 1H). >C NMR (DMSO-(d6), 125 MHz) & (ppm):
31.1, 42.7, 48.3, 51.7, 52.2, 126.8, 127.2, 128.4, 129.6, 129.7, 130.1,
132.5, 134.7, 137.7, 137.9, 167.0, 167.2. IR (KBr) v max: 3304, 3073,
2972, 2925, 2100, 1659, 1648, 1552, 1497, 1472, 1454, 1438, 1411,
1365, 1282, 1220, 1168, 1055, 1040, 994, 842, 816, 748, 728, 693,
574, 555 cm’'. m/z calculated for Cy1 Hys CI N5O,.413.8996 and found
EI-MS: 414.4 (M+).

2.12.5. General experimental procedure for the Synthesis of 2-(4-((4-
(3-Amino-2-cyano-1H-benzo[f][chromen-1-yl)-2-methoxyphenoxy)

methyl) -1H-1,2, 3-triazol-1-yl) -N-(4-bromophenyl) -N-(2-(tert-
butylamino) -1-(2-chlorophenyl)-2-oxoethyl) acetamide 2.3a: The
chromene 2.1¢ (353mg, 1 mmol) and the carboxamide azide 2b (379g,
1 mmol) were dissolved in minimum amount of DMSO. To this, 2 ml
of +-BuOH, 1 ml of water, CuSO4 5H,O (11 mg), and sodium ascorbate
(50 mg) were added and stirred at room temperature for 12 h. After 12
h, the mixture was poured in to cold water. The precipitated solid was
collected and washed with water and dried. The dried product was
washed with diethyl ether (3.5 ml) to afford 3a: 'H NMR
(DMSO500MHz) 6y (ppm): 1.154(s,9H),3.825(s, 3H), 4.814(s,2H),
4.917(s,2H), 5.337(s,3H), 5.529(s, 2H), 5.892(s,2H), 6.318(s,1H),
7.069-7.668(m, 16H), 8.234(s,2H),8.350(s, 1H), 8.388(s,2H). "C
NMR (DMSO-(d6), 125 MHz 6¢ (ppm): 24.8, 28.6, 28.7, 28.8, 52.8,
57.1, 59.6, 68.8, 75.2, 112.8, 112.9, 115.8, 115.9, 117.4, 121.2, 121.2,
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122.2, 122.3, 122.4, 122.9, 124.7, 124.8, 126.2, 126.4, 127.4, 128.1,
128.2, 128.8, 128.9, 129.4, 129.6, 131.9, 132.2, 138.3, 138.3, 138.5,
138.6, 148.6, 148.8, 150.3, 151.8, 165.3, 168.3, 177.3. IR (KBr) v
max: 3369, 2924, 2853, 2225, 1669, 1586, 1567, 1508, 1455, 1426,
1365, 1337, 1274, 1144, 1020, 851, 808, 755, 730, 697, 626, 538, 466,
451, 420 cm™.m/z calculated forC44H39BrCIN,0O5:861.1528and found
MALDI: 862.17(M+1).

2.12.6. 2-(4-((4-(3-Amino-2-cyano-1H-benzo[f|chromen-1-yl)-2-
methoxyphenoxy) methyl)-1H-1, 2, 3-triazol-1-yl)-N-benzyl-N-(2-
(tert-butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3b:
Yellow Solid, 309 mg, 76%, M.P: 163-164°C. 'H NMR
(DMSO 500MHz) 6y (ppm):1.256 (s,9H), 1.621(s,2H), 3.825 (s,3H),
4.286 (s,1H), 4.918 (s,2H), 4.952 (s,1H), 5.318 (s,1H), 6.273 (s,1H),
6.965 (s,1H), 7.128-7.630 (m,18H), 8.058 (s,1H), 8.197 (s,1H), 8.387
(s,1H). °C NMR (DMSO-(d6), 125 MHz) & (ppm): 28.2, 29.7, 29.8,
29.9, 49.1, 56.1, 56.2, 57.2, 62.9, 649, 72.2, 111.2, 113.3, 113.5,
114.4, 121, 122.2, 122.3, 122.4, 122.9, 124.7, 124.8, 125.3, 126.2,
126.3, 127.3, 128.2, 128.2, 128.8, 128.9, 129.1, 131.8, 131.9, 135.4,
138.3, 138.4, 138.5, 142.2, 149.9, 152.2, 159.2, 165.2, 167.6, 177.2. IR
(KBr) v max: 3322, 2923, 2853, 2224, 1746, 1677, 1655, 1567, 1513,
1486, 1458, 1425, 1377, 1343, 1147, 107, 1017, 853,723, 591, 522,
496, 467, 410 cm’. m/z calculated forC4sH4,CIN,O5:819.272 and
found MALDI: 819.31(M+1).
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2.12.7. 2-(4-((4-(3-Amino-2-cyano-1H-benzo[f]chromen-1-
yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-bromophenyl)-N-(2-
(tert-butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3e:
Yellow Solid, 301 mg, 73%, M.P: 161-163°C. 'H NMR (DMSO, 500
MHz) 6u (ppm): 1.129 (s,3H), 4.819 (s,2H), 4.920 (s,2H), 5.368
(s,3H), 5.320 (s,1H), 5.898 (s, 2H), 5.892 (s,2H), 6.334 (s,1H), 7.099-
7.688 (m,12H), 8.032 (s,1H), 8.364 (s, 1H), 8.378 (s,2H). °C NMR
(DMSO-(d6), 125 MHz) oc¢ (ppm):27.2, 28.7, 29.8, 30.9, 56.2, 57.3,
62.9, 649, 72.2, 111.4,113.2,113.5, 114.4, 117.2, 118.3, 121.2,122.2,
122.3, 122.3, 123.4, 1254, 127.5, 128.1, 128.2 , 128.4, 128.4,
128.9,129.0 , 129.2, 129.5 ,131.8, 135.4, 135.5, 138.3,138.4,138.5,
142.2, 149.9, 152.2, 159.3, 165.2, 167.6, 177.2. IR (KBr) v max:
3422, 2923, 3853, 2224, 1747, 1671, 1601, 1586, 1559, 1509, 1460,
1377, 1262, 1184, 1017, 835, 720, 664, 613, 536, 470, 455, 428 cm’.
m/z calculated forCs3H37BrCIN,04:831.1323 and found MALDI:
832.140(M+1).

2.12.8. 2-(4-((4-(3-Amino-2-cyano-1H-benzo[f|chromen-1-yl)
phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-benzyl-N-(2-(tert-

butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3f: Yellow
Solid, 313mg, 76%, M.P: 162-164°C 'H NMR (DMSO, 500 MHz)
on (ppm): 1.193 (s,9H), 4.468 (s,2H), 4.919 (s,2H), 4.980 (s,1H),
5.136 (s,2H), 7.099-7.630 (m,18H), 8.234 (s,2H), 8.285 (s,1H), 8.364
(s,2H).?C-NMR(DMSO-(d6),125MHz) Sc(ppm):  28.7, 28.7, 29.8,
30.9, 56.1, 57.3, 62.9, 64.9, 72.2, 111.2, 113.3, 113.4, 114.5, 117.2,
118.3, 121.0, 121.1, 122.2, 122.3, 122.4, 123.4, 125.4, 127.5, 128.8,
128.0 , 128.4, 128.4, 128.8, 129.0 , 129.1, 129.5 ,131.8, 135.4, 135.5
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,138.3,138.4,138.432, 142.2, 149.9, 152.2, 159.2, 165.2, 167.9, 177.2.
IR (KBr) v max: 3411, 2923, 2853, 2224, 1746, 1649, 1601, 1587,
1559, 1509, 1465, 1429, 1401, 1376, 1318, 1262, 1237, 1186, 1017,
937, 835, 755, 721, 604, 632, 612, 534, 464, 420 cm™. m/z calculated
forC44H40CIN704:766.2627 and found MALDI: 767.853(M+1).

2.12.9. 2-(4-((2-(3-Amino-2-cyano-1H-benzo[f[chromen-1-yl)
phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(4-bromophenyl)-N-(2-
(tert-butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3i:
Yellow Solid, 309 mg, 75%, M.P: 163-164°C. "H-NMR (DMSO, 500
MHz) o (ppm): 1.272(s,9H), 4.268(s,2H), 4.986(s,2H), 5.262(s,2H),
5.896(s, 2H), 5.892(s,2H), 6.318(s,1H), 7.275-7.986(m, 16H),
8.136(s,2H),8.468(s, 1H), 8.501(s2H). “C  NMR(DMSO-
(d6),125MHz) oc(ppm): 27.8, 28.3, 28.3, 28.3, 56.2, 59.6, 60.7, 67.5,
72.2, 79.6, 1129, 1129, 113.2, 114.3, 115.9, 116.0, 117.4, 1224,
122.9, 124.7, 124.8, 126.3, 126.4, 127.4, 128.3, 128.4, 128.8, 128.9,
129.6, 129.7, 131.9, 132.2, 138.3, 138.3, 138.5, 138.6, 148.7, 148.8,
150.3, 151.8, 165.3, 168.3, 177.3.1R (KBr) v max: 3369, 2924, 2853,
225, 1669, 1586, 1567, 1508, 1455, 1426, 1365, 1274, 1145, 1020,
851, 808, 755, 730, 697, 626, 538, 466, 457, 420 cm™'. m/z calculated
forC43H37BrCIN;04:831.1323 and found MALDI: 832.025(M+1).

2.12.10. 2-(4-((2-(3-Amino-2-cyano-1H-benzo[f|chromen-1-
yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-benzyl-N-(2-(tert-

butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3j: Yellow
Solid, 297 mg, 72%, M.P: 160-162°C. '"H NMR (DMSO, 500 MHz)
ou(ppm):1.331 (s,9H), 4.013 (s,2H), 4.560 (s,2H), 4.982 (s,1H), 5.272
(s,2H), 5.683(s, 1H), 7.298-7.989 (m, 18H), 8.386 (s,1H), 8.569
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(s,1H), 8.584 (s,2H). > C-NMR(DMSO-(d6),125MHz)5c(ppm): 29.0,
29.8, 30.9, 48.7, 56.4, 57.3, 62.9, 64.9, 72.1, 111.2, 113.3, 113.6,
114.4, 121.2, 121.2, 122.2, 122.4, 122.4, 122.9, 124.8, 124.8, 125.4,
126.4, 126.5, 127.4, 128.1, 128.3, 128.3, 128.8, 128.9, 129.2, 131.7,
131.8, 135.4, 138.3, 138.4, 138.5, 142.2, 149.9, 152.2, 159.1, 165.2,
167.6, 177.2. IR (KBr) v max: 3410, 3304, 2923, 2853, 2227, 1714,
1684, 1657, 1598, 1552, 1486, 1456, 1392, 1254, 1226, 1109, 1016,
806, 754, 670, 615, 559, 468, 429, 418cm™”. m/z calculated
forC44H4CIN;04:766.267 and found MALDI: 767.247(M+1).

2.12.11. General procedure for the synthesis of 3-Aromo-N-[1-(2-
chlorophenyl)-3-(4-chlorophenyl)-3-oxopropyl[propanamide 2.4a: A
mixture of 4-chloroacetophenone (140 mg, 1 mmol), 2-
chlorobenzaldehyde (154 mg, 1 mmol), and 3-bromopropionitrile (133
mg, 1 mmol) in acetonitrile (8 ml) were stirred in the presence of 5 mol
% CuSOy at room temperature for 8 h. After completion of the reaction
as indicated by TLC, the reaction mixture was poured into ice cold
water and extracted with CH,Cl, (15 ml). Evaporation of the solvent
followed by purification on silica gel (100200 mesh), ethyl
acetate/hexane (3:1) afford 3-bromo-N-[1-(2-chlorophenyl)-3-(4-
chlorophenyl)-3-oxopropyl] propanamide. The resulted bromide (426
mg, 1 mmol), K,CO3 (414 mg, 3 mmol), and NaN3 (65 mg, 1 mmol)
were dissolved in dimethylformamide and stirred for 6-8 h. After
completion, the reaction mixture was poured into ice cold water and
the precipitate was filtered and dried under vacuum to afford the azide
2.4a: 0.332 g ( 86%) as white solid'H NMR (CDCls, 500 MHz) &
(ppm): 1.73 (t, 2H), 2.45 (t, 2H), 2.67 (dd, 1H), 3.38 (dd, 1H), 5.53 (m,
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1H), 6.89— 7.43 (m,8H,), 7.83 (d, J = 7.5 Hz, 1H). *C NMR (CDCL,
125 MHz) 8¢ (ppm): 35.6, 46.4, 48.2, 77.3, 128.3, 128.4, 128.9, 129.0,
129.6, 129.9, 130.3, 132.4, 134.7, 137.6, 140.2, 141.1, 169.1, 197.5. IR
(KBr) vmax: 3286, 3038, 2921, 2852, 2088, 1685, 1647, 1590, 1550,
1475, 1442, 1402, 1356, 1285, 1231, 1260, 1177, 1148, 1094, 1065,
1029, 997, 936, 815, 754 cm’’. EI-MS: 391.0 (M+).

2.12.12. 3-Azido-N-(3-(4-bromophenyl)-1-(4-chlorophenyl)-3-
oxopropyl) propanamide 2.4e: 0.455mg (yield 99%) M.p: 134-137°C.
as white solid'H NMR (CDCl3, 500 MHz) &y (ppm):1.61(t, 2H), 2.46-
2.48(t, 2H), 2.67-2.69(t, 2H), 3.37-3.42(dd, 1H), 5.52-5.57(m, 1H),
6.83-7.77(m, 9H). *C NMR (CDCls, 125 MHz) 8¢ (ppm):36.0, 39.6,
40.1, 42.7, 47.3, 49.4, 77.0, 127.8, 128.8, 128.9, 129.1, 132.1, 135.1,
169.8, 197.3. IR (KBr) v max: 3300, 2922, 2852, 2113, 1684, 1649,
1583, 1548, 1488, 1398, 1363, 1285, 1258, 1219, 1200, 1088, 1071,
1015, 872, 832, 812, 779, 723, 712, 672, 547, 460 cm™ . m/z calculated
for C13H6sBrCIN4O, .435.7022, found EI-MS: 435.1 (M+).

2.12.13. 3-(4-((4-(3-Amino-2-cyano-1H-benzo[f|chromen-1-yl)-2-
methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1-(4-
bromophenyl)-3-(2-chlorophenyl)-3-oxopropyl)propanamide2.5a:
Yellow Solid, 336 mg, 80%, M.P: 172-174°C 'H-NMR
(DMSO0,500MHz)6 u(ppm): 2.668 (t,2H), 3.238 (dd,2H), 3.829 (s,3H),
4.069 (t,2H), 4.986 (s,1H), 5.262 (s,2H), 5.463 (m,1H), 6.318 (s,1H),
6.632 (s,1H), 6.875 (,1H), 7.275-7.896 (m,13H), 8.197 (s,2H), 8.234
(s,1H), 8.387 (s,2H). *C-NMR (CDCls, 125 MHz) 8¢ (ppm): 28.6,
30.9, 45.5, 51.4, 56.2, 72.2, 73.5, 111.4, 112.5, 113.0, 114.3, 117.3,
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121.9, 121.6, 122.0, 123.5, 126.1, 123.2, 126.8, 126.9, 127.2, 127.3,
128.4, 128.5, 128.7, 128.9, 129.0, 131.2, 131.5, 131.5, 133.3, 133.6,
134.3, 138.5, 141.3, 142.8, 150.0, 154.5, 159.1, 172.2, 177.4, 206.8.
IR (KBr) v max:3274, 3083, 3031, 2923, 2852, 2224, 1745, 1680,
1601, 1587, 1559, 1509, 1454, 1429, 1397, 1375, 1318, 1262, 1238,
1186, 1158, 1126, 1071, 1009, 969, 937, 835, 819, 773, 721, 664, 632,
613, 535, 487, 465, 437cm™. m/z calculated for C4H34BrCINgOs
818.08, found MALDI: 819.04 (M+1).

2.12.14. 3-(4-((4-(3-Amino-2-cyano-1H-benzo[f]chromen-1-yl)-2-
methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1,3-bis(4-
chlorophenyl)-3-oxopropyl)propanamide 2.5b: Yellow Solid, 306 mg,
73%, M.P: 174-175°C 'H-NMR(DMSO, 500MHz)5 y(ppm): 2.668
(t,2H),3.238 (dd,2H),3.829 (s,3H), 4.069 (t,2H) ,4.986 (s,1H), 5.262
(s,2H), 5.463 (m,1H), 6.318 (s,1H), 6.632(s,1H), 6.875(,1H), 7.275-
7.896 (m,13H), 8.197 (s,2H), 8.258 (s,1H), 8.583 (s,2H). °C NMR
(CDCl3, 125 MHz) &¢ (ppm): 28.6, 30.9, 45.5, 51.4, 56.6, 72.9, 73.5,
111.4, 112.5, 113.1, 114.3, 117.3, 121.9, 121.6, 122.1, 123.2, 123.5,
126.2, 126.8, 126.9,127.2, 127.3, 128.4, 128.5, 128.7, 128.9, 129.1,
131.1, 131.5, 131.5, 133.3, 134.4, 133.6, 138.5, 141.5, 142.8, 150.9,
154.5, 159.1, 172.2, 177.4, 206.2s. IR (KBr) v max: 3424, 3279, 2925,
2853, 2224, 1746, 1651, 1586, 1566, 1515, 1444, 1381, 1274, 1206,
1147, 1091, 1014, 854, 803, 768, 699, 654, 322, 519 cm’. m/z
calculated for C4H34ChLNgOs:  773.5882, found MALDI
774.054(M+1).
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2.12.15. 3-(4-((4-(3-Amino-2-cyano-1H-benzo[f]chromen-1-
yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1,3-bis(4-
bromophenyl)-3- oxopropyl)propanamide 2.5e: Yellow Solid, 301
mg, 73%, M.P: 173-175°C 'THNMR(DMSO, 500MHz)J u(ppm):2.514
(t,2H),3.300 (dd,2H), 4.243 (t,2H), 4.827 (s,1H),5.287 (s,2H), 5.463
(m,1H), 6.486 (s,1H), 6.675 (s,1H),6.983 (,1H),7.275-7.896 (m,14H),
8.489 (s,2H), 8.514 (s,1H), 8.594 (s,2H). *C-NMR (CDCls, 125 MHz)
dc (ppm): 27.6, 31.9, 45.5, 51.9, 56.6, 72.2, 111.4, 112.5, 113.1, 114 .4,
117.3. 121.9, 121.6, 122.1, 123.2, 123.5, 126.2, 126.8, 126.9,127.2,
127.3, 128.4, 128.5, 128.7, 128.9, 129.1, 131.1, 131.5, 131.5, 133.3,
134.3, 133.6, 138.5, 142.4, 142.5, 150.1, 154.2, 159.1, 173.2, 177.2,
206.2. IR (KBr) v max: 3363, 2936, 2853, 2227, 1745, 1670, 1598,
1543, 1456, 1364, 1310, 1224, 1167, 1110, 1018, 849, 808, 754, 697,
615, 467, 417 cm’. m/z calculated for C41H3,BroNgO4 @ 832.5157,
found MALDI : 833.520(M+1).

2.12.16. 3-(4-((4-(3-Amino-2-cyano-1H-benzo[f]chromen-1-
yhphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1,3-bis(4-

chlorophenyl)-3-oxopropyl)propanamide 2.5f: Yellow Solid, 306 mg,
74%, M.P: 172-174°C. 'H-NMR(DMSO, 500MHz)d y(ppm): 2.252
(t,2H),3.300 (dd,2H), 4.318 (t,2H), 4.965 (s,1H), 5.273 (s,2H), 5.455
(m,1H) 6.466 (s,1H), 6.725 (s,1H), 6.915(s,1H), 7.275-7.896 (m,14H),
8.489 (s,2H), 8.350 (s,1H), 8.588 (s,2H). >*C-NMR (CDCls, 125 MHz)
d¢ (ppm):28.6, 31.9, 45.5, 51.4, 56.6, 72.2, 73.5, 111.4, 112.5, 113.1,
114.3, 117.3. 121.9, 122.1, 123.2, 123.5, 126.2, 126.8, 126.9, 127.2,
127.3, 128.5, 128.5, 128.7, 128.9, 129.1, 131.1, 131.5, 131.5, 133.3,
134.3, 133.6, 138.5, 141.5, 142.8, 150.1, 154.5, 159.1, 172.2, 177.4,
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199.4 1R (KBr) v max:3429, 2923, 2855, 2225, 1674, 1647, 1587,
1566, 1510, 1463, 1427, 1345, 1296, 1229, 1200, 1176, 1091, 1030,
997, 819, 755, 604, 622, 527, 422 em”. m/z calculated for
C41H32C1hNgO4: 743.6353 and found MALDI: 744.234(M+1).

2.12.17. 3-(4-((2-(3-Amino-2-cyano-1H-benzo[f|chromen-1-
ylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(3-(2-chlorophenyl)-1-
(4-chlorophenyl)-3-oxopropyl)propanamide 2.5i: Yellow Solid, 296
mg, 70%, M.P: 173-174°C. '"H-NMR(DMSO,500MHz)8 y(ppm):
2.514 (t,2H),3.339 (dd,2H), 4.825 (t,2H),4.917 (s,1H), 5.303(s,2H),
5.337 (m,1H) 5.892 (s,1H), 6.318 (s,1H), 6.875 (s,1H), 7.069-7.668
(m,12H), 8.086 (s,2H), 8.234 (s,2H), 8.497 (s,1H), 8.583 (s,2H). "*C-
NMR (CDCls, 125 MHz) 8¢ (ppm):29.8, 30.9, 49.1, 56.1, 56.1, 57.3,
62.9,64.9,72.1, 111.1, 113.3, 113.6, 114.4, 121.2, 122.2, 122.4 ,122.9,
124.8, 125.4, 126.4, 126.4 ,127.4, 128.1, 128.3, 128.9, 128.9, 129.2,
131.78, 131.8, 135.4, 138.3, 138.3, 138.5, 142.2, 149.9, 152.2, 159.0,
165.2, 167.6, 177.1, 200.3. IR (KBr) v max:3405, 3280, 3030, 2922,
2851, 2312, 2221, 1674, 1639, 1586, 1566, 1515, 1490, 1456, 1419,
1381, 1344, 1305, 1276, 1254, 1206, 1178, 1158, 1147, 1091, 1029,
1016, 854, 819, 803, 767, 698, 655, 622, 522,464, 424 cm™.m/z
calculated for C4H3CIh)NgOs  :743.6353,found MALDI
744.234(M+1).

2.12.18. 3-(4-((2-(3-Amino-2-cyano-1H-benzo[f]chromen-1-
yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1-(4-chlorophenyl)-3-

(2-fluorophenyl)-3-oxopropyl)propanamide 2.5j: Yellow Solid, 316
mg, 76%, M.P: 161-163°C. 'H-NMR(DMSO, 500MHz)8 u(ppm):
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2.565 (t,2H),3.994 (dd,2H), 4.318 (1,2H),4.965 (s,1H), 5.273 (s,2H),
5337 (m,1H) 5.892 (s,1H), 6.318 (s,1H6.875(s,1H), 7.069-7.668
(m,12H), 8.086 (s,2H), 8.234 (s,2H), 8.497 (s,1H), 8.565 (s,2H). "*C-
NMR (CDClLs, 125 MHz) 8¢ (ppm):24.8, 28.6, 52.8, 57.1, 56.2, 57.1,
59.6, 68.8, 75.2, 112.9, 112.9, 1159, 117.4, 121.5, 122.2, 122.4,
122.9, 124.8, 126.4, 126.4, 127.4, 128.3, 128.3, 128.9, 128.9, 129.6,
129.6, 131.9, 132.2, 138.3, 138.3, 138.5, 138.5, 148.8, 148.8, 154.5,
159.5, 165.6, 168.2,2 .281,206.8 . IR (KBr) v max: 3083, 3031, 2923,
2852, 2224, 1745, 1680, 1601, 1587, 1559, 1509, 1454, 1429, 1397,
1375, 1318, 1262, 1238, 1186, 1158, 1126, 1071, 1009, 969, 937, 835,
819, 773, 721, 664, 632, 613, 535, 487, 465, 437cm™. m/z calculated
for C41H3,CIFNGO, : 727.1807,found MALDI: 728.173(M+1).
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3.1 Introduction

In chapter 2 we have discussed the synthesis of two types of triazole
linked blue emitting chromene peptidomimetic fluorophores with in
vitro cytotoxicity against MCF-7 cell lines. For the synthesis of these
molecules we have used privileged 2-Amino-3-cyano-4H-Chromene
derivatives as core scaffolds. Similar to 4H-pyrans, pyran annulated
4H-pyrans or pyranocoumarin is also a privileged structural motif
widely distributed in various natural products with diverse biological
activities' and are found in many medicinal plants that are traditionally
being used for the treatment of hypertension, anemia, pulmonary
arteries, malaria, various bacterial and fungal diseases etc.” Similarly
several synthetic pyran/pyranocoumarin derivatives have been reported
as potential therapeutic agents for a verity of cancers including human
breast cancer.’” The other biological activities of these scaffolds
include anti-microbial, anti-HIV, antioxidant, anti-allergic,4 anti-
dyslipidemic, anti-hyperglycemic,” xanthine oxidase inhibitory,’
butyryl cholinesterase inhibitory, acetylcholinesterase inhibitory,” and

Src kinase inhibitory activities.”
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As described in the previous chapter, coumarin derivatives are also
known for their use as fluorescent probes for bio-imaging. Dyes such
as Alexa Fluors® and DyLight Fluors® are examples of such
commercially available coumarin probes.'” However, the toxicity of
coumarin, the absence of selectivity and the persistence of the probe in
the inner cellular atmosphere after the imaging are the major limiting
factors restricting the wide spread use of coumarin probes in
imaging/therapy. A recent development in this field is the development
of selective affinity based probes with anticancer or other biological
activity without the need of wash-out process.'' A careful literature
survey revealed that pyranocoumarin scaffolds linked with both 1,2,3-
triazole and a peptide residue such as carboxamide or acetamides are
not yet explored for developing such bifunctional therapeutic agents.
In continuation of the work discussed in the previous chapter, we
decided to synthesis a series of pyaronocoumarin peptidomimetics
functionalized with carboxamide (PTC) or acetamides (PTK) residues
spaced with a linker 1,2,3-trazole as shown in scheme 3.2 for

exploring their bioimaging and cytotoxicity properties.

3.2 Result and discussion

N 1 .
1,2,3-Triazole | O R* O 1.2,3-Triazole R! O

Ketoamide Carboxamide

PTK PTC

Scheme 3.2: General structures of the two series of pyranocoumarin peptidomimetics
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3.2.1 Synthetic strategy pyranocoumarin peptidomimetics

The alkyne functionalized pyranocoumarin 3.1 was prepared by
following a three component reaction as shown in scheme 3.3. The
reaction between 4-hydroxy coumarin, propargylated benzaldehyde
and malononitrile under ethanol medium using
hexamethylenetetramine (HMTA) as catalyst'? afforded the alkyne 1 in
near quantitative yield as precipitate and was purified by water wash
and were systematically characterized using '"H NMR, MS and IR

spectroscopy.

CN

o
9\
“T\% \
CHO

.

00 ¢N 80°C Ethanol

Z
on R= OCH;

HMTA

o
97%

Scheme 3.4: synthesized alkyne functionalized pyranochromene derivatives.

We then moved on to the synthesis of azides 3.2 and 3.4 in which the

former one is a carboxamide derivative and the later one is an
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acetamide derivative. Carboxamide azides 3.2a-d were synthesized by
following an Ugi four component reaction'® (Ugi-4CR) as shown in
scheme 3.5. The Ugi-4CR between a suitably substituted aldehyde, an
amine, 7-butyl isocyanide and chloroacetic acid afforded the chloro
derivative of the carboxamide. The chloro derivatives on subsequent
treatment with sodium azide afforded the small peptide like

carboxamide azides 3.2a-d in 85-94% isolated yield.

[0]
N3
Cl 3
+ o o
R'-N
2_ R!-N
R4-CHO Methanol r2 NaNs, K;CO; :2—R2
+ _— —_— O
Ring, o7 N\ DMF NH
+
oN 3.2a -2d R'= benzyl 2
< 3.2a= R2= 2F-CgHs; 3.2b= R2= 3NO,-CgH5

3.2c= R%=4CI-C¢H5; 3.2d= R2= 2CI-CgH5

Scheme 3.5: Ugi-4CR to Ugi-type a-amino acyl amide azides

The pyrano chromene alkynes were then ligated to Ugi-azides via Cu
(I) catalyzed click cycloaddition reaction under Sharpless condition
using the catalytic system comprising of CuSO4.5H>O/Sodium
ascorbate in tertiary-butanol/water/DMSO."* In a typical reaction, the
scaffolds 1a and 2a were mixed with 0. 2 equivalent of CuSO4 and 0.4
equivalent of sodium ascorbate in a mixed solvent system containing ¢-
butanol, water and DMSO in 4:2:1 ratio at room temperature for 12
hours as shown in scheme 3.6. After that the reaction mixture was
diluted with cold water to afford the click product 3.3a in solid form
with 85% yield. The scaffolds generated via click ligation reaction are

designated as type 1 peptidomimetics and are listed in table 1.
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Following the same protocol, we have successfully synthesized 6 new

peptidomimetics 3.3a-f with 80-85% yield.

(4:2:1)
= 1.t-BuOH/H20/DMSO

2. Sodium ascorbate
CuSO, 5H,0, 48h PTC

Scheme 3.6: Synthesis of PTC peptidomimetics through click chemistry

Table 3.1: Structure, isolated yield and photophysical data of pyranocoumarin
carboxamide (PTC) peptidomimetics 2.3a-f.

Entry p % yield  Absy, (nm)  Emy,(nm) - Stokes shift (nm)
3.3a 85% 262 436 174

3.3b 84% 265 432 174

3.3c 81% 259 430 171
3.3d 83% 264 435 171
3.3e¢ 81% 258 432 174
3.3f 82% 258 434 176
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After the click ligation reaction of pyrano chromenes with
carboxamide azides the studies were extended to the synthesis of
pyranocoumarin ketoamide peptidomimetics (PTK) by using another
set of azides synthesized via an alternative Mannich type reaction as
shown in scheme 7. In this reaction a bromo propionitrile react with
an enolizable (usually a ketone) and a non enolizable (an aldehyde)
oxo compounds in presence of acid chloride and CuSO4.5H,O as
catalyst resulted in the formation of a bromo derivative of B-keto
amides. These bromo derivatives were then converted to corresponding
azides by treating them with sodium azide in presence of potassium
carbonate in DMF at room temperature as shown in scheme 3.7. Two
azide derivatives 3.4a and 3.4b were prepared and were used for the
click ligation reaction with pyrano chromenes as shown in scheme 8.
Six new peptidomimetics 3.5a-3.5f were synthesized as listed in table

3.1.

R2 2
i j\ 0 4]
R! H H,C R? CuSQO,4 5H,0 Rl NaN3;, K;CO3 R!
o * Nu  DMF NH
CN o}
)J\m Br > o :§
3.4a R;=2-CI-C¢H;, R,= 4-CI-C¢H; Br N,

3.4b Ry=2-Cl-C¢Hs, Ry= 4-Br-C¢H

Scheme 3.7: Alternative Mannich 4CR for 3-keto amide azides

The click reactions of alkynes 3.1a were then continued with
acetamide azides 3.4 under the same conditions to obtain the

pyranocoumarin acetamide peptidomimetics 3.5a-f listed in table 3.2.
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The acetamide peptidomimetics were also obtained in >80% yield
from the aqueous workup of the reaction mixture and their structures
were also confirmed from HRMS analysis. As shown in tables 3.1 and
3.2, the click reactions to form both carboxamide and acetamide
peptidomimetics were free from any electronic effects imparted by the
substituents present in the starting alkyne and azide scaffolds and were
completed within 12 h with the excellent conversion of the starting
materials to the desired product without the aid of any accelerating

ligands

(4:2:1)
1.t-BuOH/H20/DMSO ©

2. Sodium ascorbate
CuSO,4 5H,0, 48h

Scheme 3. 8: Synthesis of PTK peptidomimetics through click chemistry
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Table 3.2: Structure, isolated yield and photophysical data of pyranocoumarin
carboxamide (PTC) peptidomimetics 2.3a-f.

Entry Peptidomimeti % yield Abs,, ,x (nmM) Emyox(nm) - Stokes shift (nm)
A
| A _O._NH,
o CN
3.5a o 80% 265 431 166
H;CO \/\/\ "

3.5b 82% 265 435 166

@ O.__NH, B
3.5¢ g ”/ \‘[ - 80% 266 435 165

S
3.5d @/0 NH, Ba 83% 266 436 165

o o
3.5¢ ‘ X Q 85% 265 430 165
_O_NH, al
T I a
7 eN N=N N
o o AN [

3.5 0 - cl\Q 81% 266 432 166
o.
o

H
N N=N N/

o

B

3.3 Photophysical properties

To study the photo physical properties, the absorption and emission

spectra of all the compounds 3.3a-f and 3.5a-f were recorded in
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DMSO at pH range 0-10. The normalized absorption and emission of
representative compounds 3.3a and 3.5b are shown in figures 3.2 and
3.3. Both compounds showed emission in the blue region with large
stokes shift values. The compound 3.3a showed an absorption maxima
centered at 262 nm and emission maxima centered at 436 nm with a
high Stokes shift value of 174 nm. Similarly the compound 3.5b
showed an absorption maxima centered at 258nm and an emission
maxima centered at 434 nm with Stokes shift value of 180 nm. These
values are higher than the 2-amino-4H-chromene peptidomimetics

discussed in chapter 2.

174 nm

Intensity

T T T T 1
200 300 400 500 600

Wavelength (nm)

Fig. 3.2: The normalized absorption and emission spectra of the compound 3.3a

180 nm

o 5b AbSy gy 258 nm

o 5 Eill gy 438 am

044

Normalized intensity

0.24

T T T T T T T T T T T
200 250 300 350 400 450 500 550 600 650 700
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Fig. 3.3: The normalized absorption and emission spectra of the compound 3.5a
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To explain the observed fluorescence properties, we have carried
computational calculations to obtain the bandgap of the molecules. The
bandgap of selected molecules 3.4a and 3.5a were calculated from
DFT modelling using B3LYP/6-31G method basis set (Gaussian 09).
3.3a showed a wide band gap of 2.726 eV and 3.5a showed a relatively
high band gap of 2.285 eV. The wide band gap obtained for these
molecules clearly explains the blue emission properties of the
molecules. The large stokes shifted emission observed are also
promising since probes with large Stokes shifted emission are free
from background signal overlapping and such molecules are better
candidates for the development of selective affinity-based fluorescent
probes for drug-target binding imaging at the cellular level if they
possess fluorescence property coupled with anticancer activity. The
energy minimized structure of compound 3.3a and 3.5a are shown in

figures 3.6 and 3.6 respectively.
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Fig. 3.4: The Frontier molecular energy level and band gap of 3.3a and 3.5a.
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Fig.3.6: The energy minimized structure of 3.3a
3.4: Biological property evaluation
3.4.1: Evaluation of drug-likeness

As done in the previous cases, here also we have calculated the drug
property descriptors of all the molecules using the online service,

www.molinspiration.com and were tabulated in table 3.3
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Table 3.3: drug property descriptors of the click products 3.3a-3.3f and

3.5a-3.5f
Number | Number | Log | Molecular | Number Number | Number
Entry of of p weight of ON of OH of
violations | atoms <5 <500 <10 NH rotatable
<5 of bonds
3.3a 2 56 4.90 791.65 13 3 13
3.3b 3 56 5.03 836.10 13 3 13
3.3c 3 56 5.44 806.07 12 3 12
3.3d 3 54 5.31 761.62 12 3 12
3.3e 3 54 5.26 761.62 12 3 12
3.3f 3 54 5.39 806.07 12 3 12
3.5a 2 59 4.86 797.84 14 3 13
3.5b 2 61 4.67 824.85 17 3 14
3.5¢ 3 59 5.42 814.30 14 3 13
3.5d 3 57 5.68 784.27 13 3 12
3.5e 3 57 5.63 784.27 13 3 12
3.5f 3 59 5.04 794.83 16 3 12

As shown in table 3.3, the click products 3.3a-f and 3.5a-f are

deviating from the rule of five with log P values in between 4.67- 5.68

and molecular weights in between 700-850 qualifying to be considered

as beyond rule of 5 (bRo5) molecules for modulating difficult and

emerging target classes.”*

3.4.2 The in vitro anti-cancer study against MCF-7 Cell lines

3.4.2 (A) Cell culture and maintenance

A representative compound 3.3a and 3.5a were used for the

cytotoxicity evaluation to study the potential of these molecules as

anticancer agents. Human breast cancer MCF-7cells were maintained
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in RPMI medium 1640 supplemented with 10% fetal bovine serum as
well as 100 pg/mL streptomycin, 100 U/mL penicillin, 2 mM L-
glutamine and Earle’s BSS adjusted to contain 1.5 g/l Na bicarbonate,
0.1 mM nonessential amino acids, and 1.0 mM of Na pyruate in a

humidified atmosphere containing 5% CO, at 37°C.
3.4.2. (B): In vitro cytotoxicity of synthesized 3.3a and 3.5a

Cell viability was determined by MTT assay. MCF-7 cells were seeded
in 96-well plates at a concentration of 1.0x104 cells/well and incubated
overnight at 37°C in a 5% CO, humidified environment. Then the cells
were treated with different concentrations of the sample 3.3a and 3.5a
separately, like 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100uM/mL
(dissolved with RPMI medium 1640), respectively. Controls were
cultivated under the same conditions without addition of sample 3.3a
and 3.5a. The treated cells were incubated for 48 h for MTT assay.
The stock concentration (5 mg/mL) of MTT-(3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, a yellow tetrazole) was
prepared and 100 uL of MTT was added in each wells and
incubated for 4 h. Purple color formazan crystals were
observed and these crystals were dissolved with 100 pL of
dimethyl sulphoxide (DMSO), and read at 620 nm in a multi
well ELISA  plate reader (Thermo, Multiskan). The molecules
showed excellent cytotoxicity against MCF-7 cell lines with an IC50:
50uM as shown in figures 3.7 and 3.8.
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Fig. 3.7: MTT assay results confirming the in vitro cytotoxicity effect of 3.3a
against the MCF-7 cells. The detected IC50 concentration was S0uM.
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Fig. 3.8: MTT assay results confirming the in vitro cytotoxicity effect of 3.5a
against the MCF-7 cells. The detected IC50 concentration was SO0uM.

3.4.2 (C): In vitro imaging studies: DAPI (4, 6-diamidino-2-
phenylindole, dihydrochloride) staining

MCEF-7 cells were treated with 3.3a and 3.5a at its IC50
concentration (50uM/mL) for 48 h, and then fixed with methanol:
acetic acid (3:1, v/v) prior to washing with PBS. The washed cells
were then stained with Img/mL DAPI (4,6-Diamidino-2-phenylindole,
dihydrochloride) for 20 min in the dark atmosphere. Stained
images were recorded with fluorescent microscope with appropriate

excitation filter. The bright filed and fluorescence microscopic images
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are shown in figures. 3.8 and 3.9. The strong bluish fluorescence and
cellular uptake observed in the imaging studies with 3.3a and 3.5a
reveals that these molecules have potency to selectively locate

malignant cell lines such as MCF-7.

Control IC,sConcentration  IC;,Concentration

Fig. 3.9: Bright field inverted light microscopy images (a) (cc), (b) (IC 25)
and (¢) (IC 50) and fluorescence microscopy images (d) (CC), (e) (ICC 25)
and (f) (IC50) of 3.3a treated MCF-7 cells.

Control ICsConcentration  IC5,Concentration

Fig. 3.10: Bright field inverted light microscopy images (a) (cc), (b) (IC 25)
and (c) (IC 50) and fluorescence microscopy images (d) (CC), (e) (ICC 25)
and (f) (IC50) of 3.5a treated MCF-7 cells.
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In summary in this chapter also we have demonstrated a click chemistry
strategy for the synthesis of a series of bifunctional pyranocoumarin
peptidomimetics with inhibitory property towards human breast cancer cell
lines MCF-7 and at the same time having excellent intracellular imaging
properties. The chemistry demonstrated for the synthesis is close to green in
terms of fewer number of synthetic steps, operational ease and reaction
conditions. The biological and photophysical properties of the molecules are
promising for the development of intracellular imaging agents or potential

anticancer agents based on these new molecules.
3.5. Structural characterization

3.5.1.  Structure identification of 2-Amino-4-(4-(ethynyloxy)-3-
methoxyphenyl)-5-oxo-4, 5-dihydropyrano [3,2-c]chromene-3-

carbonitrile 3.1a

Fig.3.11: structure of compound 3.1a

4-hydroxy coumarin 3.1a is taken as a representative example for the
structure elucidation. The compound is numbered as shown in figure
3.11. The FT-IR spectrum of the compound showed major absorptions
at 3394, 3275, 3200, 2924, 2224, 2191, 1709, 1671, 1559 and 1508
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cm™. The band at 3394 cm™ is due to the stretching vibration of free
NH, group. The band at 2224 cm™ due to the stretching vibration of C-
N triple bond of nitrile group. The strong C-H stretching band of alkyl
group is observed at 3200 and the weak band at 2130 represent the
stretching vibration of C-C triple bond. The C=0 stretching vibration

is found at 1709 cm™ and the C=C vibration is observed at 1559 cm’

Wavenumber [cm-1]

Fig. 3.12: FT-IR spectrum of the compound 3.1a

The initial information obtained from FT-IR spectrum was further
confirmed by "H NMR studies. The one proton singlet observed at &
3.49 corresponds to the proton at position 27. i.e., the proton at C-C
triple bond. The singlet observed at & 3.87 corresponds to the three —
OCHj; proton at position 29. The one proton singlet at & 4.42 is due to
the CH proton at position 7. The singlet proton observed at & 4.95
attributed to —CH, proton at position 25. The aromatic protons are
observed as seven distinct peaks such as a doublet at & 6.75 with a
J=8.0 Hz, a one proton doublet at 6 6.88 with a J=8.0 Hz, a one proton
singlet at 6 6.97, a one proton doublet at 7.25 with J=8.8 Hz, a one
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proton triplet t 67.47, a one proton triplet at 87.60 and a one proton
doublet at 67.72. The singlet observed at 6 8.56 corresponds to the —
NH; proton at position 12. The structure was further confirmed from
the mass spectra of the compound. HRMS M+, found 400.3590
C21HI12N204 requires: 400.3590.
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Fig. 3.13: "H-NMR spectra of 3.1a
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Fig. 3.14: Mass spectra of 3.1a

2.5 Structure of the Click peptidomimetic 3.3a
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Fig. 3.15: structure of compound 3.3a
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The compound is numbered as shown in figure 3.15. The FT-IR
spectrum of the compound showed major absorptions at 3422, 3376,
2923, 2227,1747,1675,1598 and 1486 cm™. The band at 3376 cm™ is
due to the NH stretching vibration of the acetamido group. The amide I
band, i.e., band due to the C=0 stretching vibration occurs at 1675 cm”
" and the amide II band which arises from the interaction between the
N-H bending and the C-N stretching of the C-N-H group is obtained at
1598 cm™. The absorption at 1747 cm™ is due to the C=O stretching
vibration of the ketone part. The band at 3422cm™ is due to the
stretching vibration of free NH, group. The band at 2224 cm™ due to
the stretching vibration of C-N triple bond of nitrile group

Fig. 3.16: FT-IR spectrum of 3.3a

The initial information obtained from FT-IR spectrum was further
confirmed by 'H NMR studies. In the '"H NMR spectrum showed in
figure 3.16, the 9 proton singlet observed at 6 1.71 corresponds to the
three -CHj3 group at the position at 49, 50 and 51. The singlet observed
at & 3.83 is attributed to the three -OCHj; protons at position 42. The
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singlet at & 4.92 due to the CH proton at position 18. The singlet proton
observed at 0 4.95 is attributed to —CH, proton at position 4. The
singlet proton observed at & 4.96 is attributed to —CH2 proton at
position 8. The singlet proton at & 5.30 is due to the —CH, proton at C-
36. The singlet proton observed at 6 5.90 is attributed to —CH proton at
position 10. The aromatic protons were observed as four set of signals
such as a 3 proton multiplet at & 6.82- 66.90 and a four proton
multiplet between 6 7.21-7.45. The triazole proton is observed at d
7.51. The one proton singlet observed at 6 8.25 is attributed to —-NH
proton at position 2. The two proton singlet observed at 6 8.30 is
attributed to —NH, proton at position 23. The structure was further
confirmed by mass spectral studies. m/z calculated for C4;H4,CIN;O7:

779.28 and HR-MS found to be 780.2941(M+1).
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Fig. 3.17: |H-NMR spectra of 3.3a
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Fig.3. 18: Mass spectrum of 3.3a

Structure of the Click peptidomimetic 3.5d

Fig. 3.19: structure of compound 3.5d
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The compound is numbered as shown in 3.19. The FT-IR spectrum of

the compound shows major absorptions at 3334, 3279, 2923, 2224,
1745, 1650, 1586, 1514 and 1449 cm™. The band at 3334 cm-1 is due

to the NH stretching vibration of the acetamido group. The amide I

band, i.e., the band due to the C=0O stretching vibration of (C-30)
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occurs at 1650cm™ and the amide II band which arises from the
interaction between the N-H bending and the C-N stretching of the C-
N-H group was observed at 1514cm™. The absorption observed at
1745 cm™ is due to the C=0 stretching vibration of the keto group at
position 20.The band observed at 3424cm™ is due to the stretching
vibration of free NH, group. Similarly, the band observed at 2224 cm™
is attributed to the stretching vibration of C-N triple bond of the nitrile

R

group.

Fig. 3.20: FT-IR spectrum of 3.5a

The initial information obtained from FT-IR spectrum was further
confirmed by 'H NMR studies. In figure 3.20, the triplet observed at &
2.32 is due to the CH; proton at position 32. The doublet of doublet
observed at & 2.44-3.81 is attributed to—CH proton at position 37. The
singlet proton at & 4.95 is attributed to the CH proton at position 12.
The singlet proton 6 4.96 is attributed to the proton at carbon 35. The
singlet at & 5.32 is due to the CH; proton at position 31. The singlet at
0 5.42 is due to the —CH, proton at position 30. The aromatic protons
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were observed in following regions as a four proton multiplet at & 6.09
and a five proton multiplet between 6 7.26—7.49. The triazole proton
was observed at 8 7.50. A singlet at 6 8.21 is due to the NH proton at
position 34. The singlet observed at d 8.33 is attributed to —NH, proton
at position 17. Structure was further confirmed from the mass spectra
of the compound. In the mass spectra m/z calculated for
C4H3ClNgOg: 763.18 and found HR-MS: 763.1899 (M+) further

confirmed the structure of the compound.
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Fig. 3.21: 1H-NMR spectrum of 3.5a
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Fig. 3.22: Mass spectrum of compound 3.5a

3.6. Experimental section
3.6.1General.

IR spectra were recorded on a JASCO-FT/IR-4100 Fourier
transform infrared spectrometer and measured as KBr pellets. 1H and
13C NMR spectra were determined in DMSO with a Bruker amx 500
MHz spectrometer. The chemical shifts (0) are given relative to
tetramethylsilane (TMS) and the coupling constants (J) are reported in
hertz (Hz). Electron spray ionization mass spectra were recorded with

a Thermo scientific exactive mass spectrometer.
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3.6.2.  2-Amino-4-(3-methoxy-4-(prop-2-yn-1-yloxy)phenyl)-5-oxo-
4,5-dihydropyrano(3,2-c[chromene-3-carbonitrile 3.1a:

A mixture of propargylated aromatic aldehyde (190 mg, 1m mol), 4-
hydroxy coumarin (162mg, 1 m mol), malononitrile (66mg, 1m mol)
and hexamethylenetetramine (0.140 mg, 0.01m mol) were dissolved in
minimum amount of ethanol. The reaction mixture is refluxed in a
round bottom flask for one hour. After cooling, the precipitated solid
was filtered. The solid product was washed with hot water filtered and
dried. Recrystallized from hot ethanol to obtain pure product 308 mg,
as white solid, M. p 120-123°C. '"H NMR (DMSO, 500MHz), §H
(ppm): 3.49(s,1H), 3.87 (s,3H), 4.42 (s, 1H), 4.95 (s,2H), 6.75 (d,1H,
J=8.0), 6.88 (d,1H,J=8.0), 6.97(s,1H), 7.25 (d,1H,J=8.8), 7.47 (t,1H),
7.60 (t,1H), 7.72(d,1H), 8.56(s,2H). IR (KBr) vmax: 3394, 3275, 3200,
2924, 2224, 2191, 1709, 1671, 1559, 1508 cm-'. HRMS M", found
400.3590 C;;H12N,04 requires: 400.3590.

3.6.3. 2-Amino-4-(4-(ethynyloxy)phenyl)-5-0xo0-4,5 dihydropyrano
[3,2-c][chromene-3-carbonitrile 3.1b:

320 mg, as white solid, M.p. 123-125°C. '"H NMR (DMSO, 500MHz),
OH (ppm) 3.83(s, 1H), 4.66(s, 1H), 4.84 (s, 2H), 6.91 (s, 1H), 6.92-7.86
(m, 7H), 8.82(s, 2H). IR (KBr) v max: 3386, 3281, 2922, 2224, 2121,
1703, 1674, 1597, 1482"". HRMS M", found 370.3352 CxH4N,0,
requires: 370.3354.
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3.6.4. 2- Amino- 4- (2- (ethynyloxy) phenyl) - 5-oxo- 4,5-
dihydropyrano [3,2-c] chromene-3-carbonitrile 3.1c:

318 mg, as white solid, M.P. 120-122°C. "H-NMR (DMSO, 500MHz),
oH (ppm) 3.86 (s, 1H), 4.66 (s, 1H), 4.79(s 2H), 6.91(s, 1H), 6.92-
7.86 (m, 7H), 8.30(s, 2H). IR (KBr) v max: 3433, 3291, 2926, 2224,
2121, 1710, 1671, 1564, 1454'. HRMS M+, found 370.3351.
C21H12N,0O4 requires: 370.3354.

3.6.5. 2- 2-{[N-Benzyl-(N-1-azidopropan-2-one)-N-tert-butyl-2-(2-
chlorophenyl)]} acetamide 3.2a:

An equimolar amount of 2-chlorobenzaldehyde (124 mg, 1 mmol), and
benzyl amine (107 mg, 1 mmol), were taken in dichloromethane (8
ml), and stirred at room temperature for 20 min to form the Schiff-
base. To this, 1 equivalent of tertiary -butyl isocyanide (94 mg, 1
mmol) and chloroacetic acid (83 mg, 1 mmol) were added and stirring
was continued at room temperature. The reaction was monitored by
TLC and found to complete after 72 h. The solvent was evaporated
under vacuum and the residue was washed with petroleum ether (5 -15
ml) to afford the chloro derivative of the carboxamide. In a subsequent
step, the chloride (407 mg, 1 mmol), K,CO; (414 mg, 3 mmol), and
NaNj (65 mg, 1 mmol) were stirred at room temperature for 4 h in
dimethyl formamide. After completion of the reaction, the mixture was
poured into ice cold water. The solid product obtained was filtered and
dried under vacuum to afford 2-{[Nbenzyl-(N-1-azidopropan-2-one)-
N-tert-butyl-2-(2-chlorophenyl)]} acetamide 2a:2-azido-N-benzyl-N-
(2-tert-butylamino)-1-(2-fluorophenyl)-2-oxo ethyl acetamide 3.2a:
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White solid; 0.337g,M.P. 122-123°C. IR (KBr) v max : 3351, 2102,
1685, 1647, 1547, 1490, 1454,1225, 759 cm-1; 'H NMR (CDCI3, 500
MHz) H (ppm): 8.750 (1H, s); 7.573-6.791 (10H, m); 5.803 (1H,s);
4946 (2H,s); 2.171 (2H,s); 1253 (9H, s); "CNMR
(DMSO(d6),125MHz) (ppm): 169.0, 168.0, 161.0, 136.0, 131.0, 128.0,
127.0, 127.5, 127.2, 124.0, 122.0, 116.0, 65.0, 55.0, 50.0, 48.0, 29.0.

3.6.6. 2-Azido-N-benzyl-N-(2-tert-butylamino)-1-(2-nitrophenyl)-2-
oxo ethyl acetamide 3.2b:

White solid, 320mg, M.P. 122-123°C IR (KBr) v max: 3321, 2965,
2109, 1682, 1637, 1557, 1526, 1495, 1451, 1419, 1345, 1253, 1222,
940, 860, 790, 736, 698, 621, 592, 508 cm-1.

3.6.7. 2-Azido-N-benzyl-N-(2-tert-butylamino)-1-(2-chlorophenyl)-2-

oxo ethyl acetamide 3.2c:

White solid; 0.368 g, M.P. 124-125°C. IR (KBr) v max : 3294,
2102,1660, 1650, 1560,1491, 1455, 1409, 1364, 1223, 1092, 949, 818,
724, 694 cm-1. "H-NMR (CDCI3, 500 MHz) 6H (ppm): 7.974 (1H,
5);7.261-6.91(9H, m); 6.208 (1H s); 4.884 (2H, s); 2.427 (2H, s); 1.208
(9H,s); *C-NMR (DMSO-(d6),125MHz) 8C(ppm): 169.92, 168.84,
136.76, 132.42, 131.03, 130.18, 128.57, 128.03, 127.26, 126.75, 70.18,
56.76, 51.82, 48.57, 28.57.

3.6.8. 2-{[N-Benzyl-(N-1-azidopropan-2-one)-N-tert-butyl-2-(2-
chlorophenyl)]} acetamide 3.2d.

White solid, 0.335g, M.P. 120-122°C. 'H-NMR (CDCls, 500 MHz) H
(ppm): 1.25 (s, 9H), 1.62 (s, 2H), 4.58 (s,2H), 6.38 (s, 1H), 6.95-7.26
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(m, 9H), 7.53 (s, 1H). *C-NMR (DMSO-(d6), 125 MHz) 6C (ppm):
31.1, 42.7, 48.3, 51.7, 52.2, 126.8, 127.2, 128.4, 129.6, 129.7, 130.1,
132.5, 134.7, 137.7, 137.9, 167.0, 167.2. IR (KBr) v max: 3304, 3073,
2972, 2925, 2100, 1659, 1648, 1552, 1497, 1472, 1454, 1438, 1411,
1365, 1282, 1220, 1168, 1055, 1040, 994, 842, 816, 748, 728, 693,
574, 555 cm-1. EI-MS: 414.4 (M+).

3.6.9. Procedure for the synthesis of 3-Bromo-N-[1-(2-chlorophenyl)-
3-(4-chlorophenyl)-3-oxopropyl|propanamide 3.3a:

A mixture of 4-chloroacetophenone (140 mg, 1 mmol), 2-
chlorobenzaldehyde (154 mg, 1 mmol), and 3-bromopropionitrile (133
mg, 1 mmol) in acetonitrile (8 ml) were stirred in the presence of 5 mol
% CuSOy at room temperature for 8 h. After completion of the reaction
as indicated by TLC, the reaction mixture was poured into ice cold
water and extracted with CH,Cl, (15 mL). Evaporation of the solvent
followed by purification on silica gel (100-200 mesh), ethyl
acetate/hexane (3:1) afford 3-bromo-N-[1-(2-chlorophenyl)-3-(4-
chlorophenyl)-3-oxopropyl] propanamide. The resulted bromide (426
mg, 1 mmol), K;CO; (414 mg, 3 mmol), NaN3 (65 mg, 1 mmol) were
dissolved in dimethylformamide and stirred for 6-8 h. After
completion, the reaction mixture was poured into ice cold water and
the precipitate was filtered, dried under vacuum to afford the azide 3a:
0.332 g(yield 86%) as white solid. '"H NMR (CDCls;, 500 MHz) 6H
(ppm): 1.73 (t, 2H), 2.45 (t, 2H), 2.67 (dd, 1H), 3.38 (dd, 1H), 5.53 (m,
1H), 6.89— 7.43 (m,8H,), 7.83 (d, J = 7.5 Hz, 1H). 13C NMR (CDCls,
125 MHz) 6C (ppm): 35.6, 46.4, 48.2, 77.3, 128.3, 128.4, 128.9, 129.0,
129.6, 129.9, 130.3, 132.4, 134.7, 137.6, 140.2, 141.1, 169.1, 197.5. IR
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(KBr) vmax: 3286, 3038, 2921, 2852, 2088, 1685, 1647, 1590, 1550,
1475, 1442, 1402, 1356, 1285, 1231, 1260, 1177, 1148, 1094, 1065,
1029, 997, 936, 815, 754 cm™ . EI-MS: 391.0 (M+).

3.6.10. 3-Azido-N-(3-(4-bromophenyl)-1-(4-chlorophenyl)-3-
oxopropyl) propanamide 3.3b:

White solid, 0.455g, M.P: 134-137°C. 'H-NMR (CDCls, 500 MHz)
6H (ppm):1.61 (t, 2H), 2.46-2.48(t, 2H), 2.67-2.69(t, 2H), 3.37-3.42
(dd, 1H), 5.52-5.57(m, 1H), 6.83-7.77(m, 9H). °C NMR (CDCl;, 125
MHz)é C (ppm):36.0, 39.6, 40.1, 42.7, 47.3, 49.4, 77.0, 127.8, 128.8,
128.9, 129.1, 132.1, 135.1, 169.8, 197.3. IR (KBr), Ymax: 3300, 2922,
2852, 2113, 1684, 1649, 1583, 1548, 1488 cm-1. EI-MS: found, 435.1
(M+). Requires, 435.7022.

3.6.11. General experimental procedure for the synthesis of

pyranocoumarin peptidomimetics 3.4a.

3.1a (353mg, 1 m mol) and 3.2a (377g, 1 m mol) were dissolved in
minimum amount of DMSO. To this, 2 ml of ~-BuOH, 1 mL of water,
CuSO4 5H,0 (11 mg), and sodium ascorbate (50 mg) were added and
stirred at room temperature for 12 h. After 12 h, the mixture was
poured in to cold water. The precipitated solid was collected and
washed with water and dried. The dried product was washed with
diethyl ether (3.5 mL) to afford 3.4a: '"H NMR (DMSO, 500 MHz) §H
(ppm): 1.71 (s,9H), 3.83 (s,3H), 4.92 (s,1H),4.95 (s,2H),4.96 (s,2H),
5.30 (s,2H), 5.90 (s,1H), 6.82-6.90 (m,3H), 7.05-7.13 (m,5H),7.21-
7.45 (m,5H),7.16 (s,1H,triazole), 7.61-7.95 (m,4H), 8.25 (s,1H), 8.30
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(s,2H). IR (KBr) v max: 3376, 2923, 2227, 1747, 1675, 1598, 1486
cm™'. HR MS found 780.2941(M+1). C4;H42C\N;0O7 requires 779.28.

3.6.12. 2-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c[chromen-4-yl)-2-methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-
N-benzyl-N-(2-(tert-butylamino)-1-(3-nitrophenyl)-2-
oxoethyl)acetamide 3.4b: White solid,0.435g, M.P: 134-137°C. 'H-
NMR (DMSO, 500 MHz), 6H (ppm): 1.24 (s,9H), 3.79(s,3H),
4.85(s,1H), 4.95(s,2H), 4.96 (s,2H), 5.32(s,2H), 5.74(s,1H),
6.90(s,2H), 7.36-7.49(m,6H), 7.50 (s, 1H ,triazole), 7.58-7.94 (m,
6H), 8.21 (s,1H), 8.33(s, 2H). IR (KBr) v max: 3405, 2922, 2224,
1745, 1670, 1598, 1456cm™. HR- MS: found 825.2941 (M+1).
Requires 824.29.

3.6.13. 2-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c[chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-benzyl-N-
(2-(tert-butylamino)-1-(4-chlorophenyl)-2-oxoethyl)acetamide 3.4c:
White solid,0.455g, M.P: 134-137°C. '"H-NMR (DMSO, 500 MHz) H
(ppm): 1.18(s,1H), 4.11(s,1H), 4.48(s,2H), 4.77(s,2H), 5.71(s, 2H),
6.11 (s, 2H), 6.96 (s,2H), 7.18-.48 (m,8H), 7.50 (s,1H, triazole), 7.59-
7.98 (m, 9H), 8.25 (s,1H), 8.58 (s,2H). IR (KBr) v max: 3363, 2922,
2227, 1745, 1670, 1598, 1456. HR-MS, found: 784.2651(M+1).
Requires: 783.26.

3.6.14. 2-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-benzyl-N-

(2-(tert-butylamino)-1-(2-chlorophenyl)-2-oxoethyl)acetamide 3.4d:
White solid,0.425g M.P: 132-134°C. '"H NMR (DMSO, 500 MHz) 6H
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(ppm):1.48 (s,9H), 4.424 (s,1H), 4.72 (s,2H), 4.95 (s,2H), 5.12 (s,1H),
6.75 (s,2H), 6.9 (s,2H), 7.23-7.49 (m,7H), 7.58 (s,1H), 7.58-7.93
(m,8H), 8.24 (s,1H), 8.31 (s,2H). IR (KBr) v max: 3424, 2925, 2224,
1746, 1651, 1586, 1448 cm”. HR-MS: found 784.2606(M+1).
Requires: 783.26.

3.6.15.. 2-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)-2-methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-
N-benzyl-N-(2-(tert-butylamino)-1-(4-chlorophenyl)-2-
oxoethyl)acetamide 3.4e: White solid,0.402mg M.P: 130-132°C. 'H-
NMR (DMSO, 500 MHz) éH (ppm):1.17 (s,1H), 3.98 (s,3H), 4.06
(s,1H), 4.52 (s,2H), 4.78 (s,2H), 5.62 (s,2H), 6.98 (s,2H), 7.23-7.49
(m,8H), 7.50 (s,1H,triazole), 7.60-7.98 (m,9H), 8.54 (s,1H), 8.58
(s,2H). IR (KBr) v max: 3429, 2923, 2225, 1764, 1647, 1587, 1462.
HR-MS, found: 814.2738 (M+1). Requires: 813.27.

3.6.16. 2-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)phenoxy) methyl)-1H-1,2,3-triazol-1-yl)-N-benzyl-N-
(2-(tert-butylamino)-1-(3-nitrophenyl)-2-oxoethyl)acetamide 3.4f:
White solid,0.432mg, M.P: 133-134°C. '"H-NMR (DMSO, 500 MHz)
6H (ppm): 1.20 (s,9H), 4.04 (s,1H), 4.52 (s,2H), 4.82(s,2H),
5.71(s,2H), 6.18 (s,2H), 6.97 (s,2H), 7.15-7.48 (m,9H), 7.51 (s,1H),
7.53-7.98 (m,5H), 8.05(s,1H), 8.58(s,2H). IR (KBr) v max: 3412,
2924, 2225, 1746, 1676, 1560, 1409 cm ~'. HR MS, found: 795.2932
(M+1). Requires: 794.28.

3.6.17. 3-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)-2-methoxyphenoxy) methyl)-1H-1,2,3-triazol-1-yl)-
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N-(3-(2-chlorophenyl) -1-(4-chlorophenyl) -3-oxopropyl)
propanamide 3.5a: White solid,0.402mg , M.P: 137-138°C. '"H-NMR
(DMSO, 500 MHz) &H (ppm): 2.5 (s, 2H), 2.79-3.22 (dd, 2H), 3.82
(s,3H), 4.28 (s,1H), 4.98 (s,1H), 5.14 (s,2H), 5.31(s,1H), 6.27 (m,3H),
7.69-7.48 (m,9H), 7.57(s,1H ,triazole), 7.58-7.95 (m,4H), 8.19(s,1H),
8.38(s,2H). IR (KBr) ymax: 3424, 3279, 2925, 2224, 1746, 1651, 1515,
1448 cm ™.

3.6.18. 3-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)-2-methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-
N-(1-(4-bromophenyl)-3-(2-chlorophenyl)-3-oxopropyl)propanamide
3.5b: White solid,0.425mg , M.P: 134-137°C.'"H-NMR (DMSO, 500
MHz), 6H (ppm): 2.56 (s ,2H), 2.94-3.33(dd, 2H), 3.79 (s,3H), 4.81
(s,1H), 4.91 (s, 1H), 5.30 (s, 1H), 5.52 (s, 1H), 6.31-6.87 (m, 3HO,
7.22-7.48 (m, 5H), 7.50 (s,1 H, triazole), 7.63-7.66 (m, 8H), 8.239s,
1H), 8.38 (s,2H). IR (KBr), dmax: 3429, 3279, 2923, 1725, 1674,
1647, 1587, 1465 cm ™.

3.6.19. 3-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c[chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1-(4-
bromophenyl)-3-(2-chlorophenyl)-3-oxopropyl)propanamide  3.5c:
White solid,0.428mg , M.P: 130-131°C. '"H-NMR (DMSO, 500 MHz),
6H (ppm):2.78 (s, 2H), 2.81-3.81(dd,2 H), 4.95(s,1H), 4.96 (s,1H),
5.62(s, H), 5.67 (s, 2H), 6.21-6.71 (m,3H), 7.23-7.42 (m,10H), 7.58
(s,1H, triazole), 7.60-7.87(m,10H), 8.30(s,1H), 8.54(s,2H). IR (KBr)
Smax: 3363, 2923,2227,1745,1670, 1543, 1456 cm ™.
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3.6.20. 3-(4-((4-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c/]chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(3-(2-
chlorophenyl)-1-(4-chlorophenyl)-3-oxopropyl)propanamide  3.5d:
White solid,0.405mg , M.P: 130-132°C."H-NMR (DMSO, 500 MHz),
6H (ppm): 2.329s, 1H), 2.44-3.81(dd,2H), 4.95 (s,1H), 4.96(s,1H),
5.32(s, H), 542 (s,1H), 6.09(m,4HO, 7.26-7.49(m,5H), 7.50(s,
1H,triazole), 7.51-7.65 (m,6H), 8.21 (s,1H), 8.33(s,2H). IR (KBr),
VYmaX: 33342, 3279, 2923, 2224, 1745, 1650, 1586, 1514, 1449 cm .
HR-MS: Found, 763.1899 (M+). Required, 763.18.

3.6.21. 3-(4-((2-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c[chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(3-(2-
chlorophenyl)-1-(4-chlorophenyl)-3-oxopropyl)propanamide 3.5e
White solid, 0.425mg, M.P: 134-137°C. 'H-NMR (DMSO, 500 MHz)
, OH (ppm): 2.57(s,2H), 2.98-3.67(dd, 2H), 4.96 (s,1H), 4.98 (s,1H),
5.26 (s,1H), 5.96 (s,1H), 6.82-7.0 (m,3H), 7.27-7.39 (m,6H), 7.55
(s,1H, triazole, 7.57-7.98 (m,8H), 8.13(s,1H), 8.46 (s,2H). IR (KBr),
Vmax: 3476, 2923, 2224, 1745, 1650, 1586, 1514, 1449 cm ™.

3.6.22. 3-(4-((2-(2-Amino-3-cyano-5-oxo-4,5-dihydropyrano/3,2-
c[chromen-4-yl)phenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-(1-(4-

bromophenyl)-3-(2-chlorophenyl)-3-oxopropyl)propanamide  3.5f:
White solid, 0.400mg,M.P: 134-135°C.1H NMR (DMSO, 500 MHz),
6H (ppm): 2.21(s,2H), 2.52-3.67(dd, 2H), 4.14(s,1H), 4.98(s,1H),
5.16(s,1H), 5.72(s,1H), 6.82-7.0(m,3H), 7.27-7.39(m,6H),
7.55(s,1H,triazole, 7.61-7.90(m,8H), 8.33(s,1H), 8.39(s,2H). IR (KBr),
Vmax: 3412, 3275, 2924, 2225, 1746, 1676, 1587, 1560, 1487 cm .
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3.6.23. General procedure for the cytotoxicity evaluation:

The MCF-7cells in the log phase were seeded in a 96-well plates at a
concentration of 1.0 x 104 cells/well and incubated overnight at 37 °C
in 5% CO, humidified environment. The cells were then treated with
different concentrations of the 4a (dissolved with RPMI medium1640).
Controls were also cultivated under same conditions without 4a. The
treated cells were incubated for 48 h. Subsequently a stock
concentration (5 mg/mL) of MTT-(3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) was prepared and 100 uL of MTT was
added in each 3a treated wells and incubated for 4h. Purple colour
formazan crystals were observed and these crystals were dissolved in
100 pL of dimethyl sulphoxide (DMSO), and read at 620 nm in a multi
well ELISA plate reader (Thermo, Multiskan).The dose dependent
cytotoxicity was observed in 3a treated MCF-7cells with IC50 50 uM.
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4.1 Introduction

In the previous two chapters we presented the carboxamide and
acetamide modification of chromene heterocycle to obtain triazole
fused linear peptidomimetics with anticancer activity and imaging
properties. The promising results obtained from our work on linear
peptidomimetics encouraged us to move on to the development of
privileged scaffold functionalized macrocycles to explore these
properties in such molecules. As briefly discussed in the first chapter,
macrocycles are privileged ring systems with 12 or more atoms and are
present in numerous natural products and pharmaceutical agents.'
Unlike other small molecules, macrocycles offer enhanced
conformational flexibility helpful for the selective binding of
biological targets, high solubility, high lipophilicity, enhanced
membrane permeability, improved metabolic stability and good oral
bioavailability.” Macrocyclic peptidomimetics are subclass of
macrocycles which are designed to mimic the cyclic peptides or
proteins with improved pharmacokinetic and physicochemical
properties.” Selected examples of privileged scaffold functionalized

macrocyclic therapeutic agents are presented in scheme 4.1

W iPr K
HO OH HO

OH :
. ; Epothil B
Disciformycin A Disciformycin B f,‘,)ﬁc;gg:r
Antibacterial Antibacterial

Scheme 4.1: Examples of privileged scaffold functionalized 12 membered
macrocycles.
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Furan heterocycle was selected as the secondary privileged scaffold to
anchor with the macrocyclic scaffold. Furan derivative exhibit
excellent pharmacological activities such as antidepressant,
antianaxiolytic, anti-inflammatory, analgesic, antihypertensive,
antiglaucoma, antimicrobial, anticancer activities.* In addition to the
biological properties, furan incorporated molecules with conjugated
double bonds and fused ring systems were also used in electronic
devices such as semiconductors,” OLEDs,® and dye sensitized solar
celles (DSSC).” Furan containing macrocycles were also reported as
ligands for binding various metal ions like Zn 2+, Ca 2+, Mg 2+, Mn 2+,
Cu 2+, Cd 2+, La " and Gd ** etc.® They also exhibit excellent
antimicrobial, antioxidant activities.” Furan easily undergo oxidation
under chemical and physiological conditions. The furan photo
oxidation based click reactions is an important strategy in biological
labelling.'’ The incorporation of furan moiety into the biomolecules
such as peptide, proteins and nucleic acids is an important method in
site specific labelling. Recently furan incorporated peptides and
proteins are used for bimolecular labelling.''Typical examples of
commercial drug molecules with furan ring systems are presented in

Scheme 4.2.

Vs
Ry T‘

Ranitidine Nitrofurantoin Amidaron

Scheme 4.2: Selected examples of commercial dug molecules with furan ring as core
scaffold
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Motivated from these interesting developments, we decided to
integrate a furan heterocycle with a cyclic acetamide peptidomimetic
with varying ring size based on the fusion of click chemistry with

multicomponent coupling strategy as shown in scheme 4.3.

NQN
\
_ / CLICK S A
N, )
0
(0] 0=x
AL NH
R 'H )J\FURAN -
+ MCR g
—
al _ ,
CN o
\([)1/ XN FURAN
FURAN
-

Scheme 4.3: An outline of methodology for the synthesis of furan tagged
macrocyclic accetamide peptidomimetics.

4.2 Result and discussion
4.2.1. Synthesis of furan macrocycles

The studies were started with the synthesis of alkyne functionalized furan
incorporated B-amido ketones 4.1a via an alternative Mannich type four
component reaction (4CR)."? This 4CR involves reaction between 2-acetyl-5-
methylfuran, bromoalkanenitrile and a propargylated aromatic aldehyde in
the presence of slight amount of acetyl chloride and borontrifluoride
diethyletherate (BF;.OEt,) to afford the bromo derivative as shown in the
scheme 4.4. In a typical reactions, bromoalkanenitriles having different chain
length  such as  2-bromoacetonitrile,  3-bromopropionitrile,  6-
bromohexanenitrile, and 7-bromoheptane nitrile were used. The synthesized

compounds and their percentage yields are listed in table 4.1.
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CHO
o _ X
\\ BF;OEt,stir, rt, 3hr
o + N\ BF;O0E,

NC_,  Br

Vv

n=1,2,5,6 n

*O

compounds 4. la-ll

CH,COCI

Scheme 4.4: Synthesis of furan amido alkynes

Table 4.1: Structure and percentage yield of furan amido alkynes.

entry amidoalkyne yield entry amidoalkyne yield
/3 /]
o o
1 O NH O 73% 7 O NH O 67%
Br 4.1g B
10 |
o o
& ﬂ‘ W ﬂ‘
o (¢}
2 0 NH 69% 8 I 69%
4.1b B 4.1h
o oé\%sr
0/ 0/
o
a2 a OW
o
3 O NH L 9 o | 7%
4.1c B O NH
o r 4.1i )\(vyBr
1 o s
7 /T
4 ° O NH O 1% 10 ° 72%
1% O NH O °
4.1d ;\W,ﬂ 41
0o J Br
2 H 0)\6){6 ﬂ‘
y o
|
s © I 6% 1 68%
410 NH I
Br
02\% 41k ©
0/
o)
o W
° l W
6 9 12 749
aqp © W . 65% Il %
o r
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In the subsequent step, the bromo derivatives were converted to
corresponding azide derivatives by treating them with sodium azide under
basic conditions in DMF at room temperature as shown in Scheme 4.5. The

reactions gave furan azido alkynes 4.2a-4.21 with good to excellent yields.

K,COj3,NaN;, DMF

4h, room temp

Scheme 4.5: synthesis of furan azido alkynes

Table 4.2: Structure and percentage yield of furan amido alkynes.

entry azidoalkyne yield entry azidoalkyne yield

a4 / |
1 o 73%, 7 67%
NH 4 2g

4.2a o)\mNﬂ‘ W\

0.

2 ’@Y\/@T 69% 8 /\ W 69%
o Il l
4.2p0 NH 42h° NH
//J\H’N’ o
O/
0.
3 WW 0% 9 /) 1%
I o I
42¢° 42i O NH

1
4
4 ’%/(; 1% 10 /0‘ 2%
4.2d ﬁ:ﬁ/ S NH
N3 4.2j
o ZW\ 1] o}\%Nﬂ‘
7/ 67% 11 o. 68%
22e ‘ /|
o ll
O NH
4.2k o’/J\H'N3
W W‘ 65% 12 WW 74%
ll

421 °
2 Oé\("TsNa

wn

=)
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The acetamide derivatives thus functionalized with both alkyne and
azide moieties were then subjected to macrocyclization via
intramolecular copper catalyzed alkyne —azide click chemistry. The
ring size were controlled by the selective use of the nitrile component
with appropriate chain length. Accordingly, 11 membered furan tagged
macrocycle 4.1a was synthesized using 2-bromoacetonitrile as the
nitrile component, propargylated salicylaldehyde as aldehyde
component and 2-acetyl-5-methylfuran as ketone part. These substrates
were undergone Mannich type reaction in minimum amount of
acetylchloride and BF;.OEt, as catalyst The reaction mixture was
stirred for 4 hours and the subsequent aqueous work up yielded furan
incorporated Mannich type adduct with an alkyne functionality 4.1a.
The bromine present in 4.1a was then replaced with an azide
functional group by treating it with sodium azide in DMF under basic
conditions at room temperature. Followed by this, macrocylization
was carried out via copper catalyzed alkyne-azide click chemistry
under Sharpless conditions using copper sulphate (CuSQO,) as copper
(IT) source in presence of sodium ascorbate in a solvent system
containing ~-BuOH/H,O/DMSO in 4:2:1 ratio. The reaction yielded
macrocycle 4.3a with 72% yield after aqueous work up. Similar
procedures were adopted for the synthesis of macrocycles 4.3b-4.31
using various nitrile sources and propargylated aldehydes under same
reaction conditions. Accordingly, the 11-18 membered macrocycles

listed in table 4.3 were obtained in 65-76% yield.
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n N3 t-BuOH/H,0/DMSO o
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o 0)\&—)/1

Scheme 4.6: Synthesis macrocyles

Table 4.3: Synthesized macrocycles.

Entry Peptidomimetic % yield AbSmax (hm)  EMmax(nm)  stokes shift (nm)
43 ° 7 312 512 200
Da
0 11%{31
HN .
| 7 o 1
(0}
43b /9 ’j 74 306 510 204
7 13
o W T I
o 1
o/
4.3c o o] 76 306 510 200
4
¥
13 Q
HN N
Nor
o TN
4.3d o 70 311 511 205
o 12>{{
| ) HN N-
o 2
4.3e 79 Q 69 300 505 204
=
HN 14 ’%N
o 2
o/
4.3f o 72 308 512 203
73 g
=
e
o 2 "
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Table 4.3 contd.....

Entry Peptidomimetic Abspa, (nm)  EMmay(nm)  stokes shift (nm)
‘j 15}” 73 312 515 203
7R °
43h \~ 17g 72 314 516 202
o HN N
o 5
o
. (o]
431 w 70 316 515 199
om i
(o] 5 N
(o]
43j 16>;,¢ 68 325 520 195
| ) HN N-N
[e] d 6
72 ©
43k S~ 18 g 69 328 520 192
HN —
o 6
o
4.31 o o 68 320 525 205
=
0o HN 18 g
[o} 6

4.3 Photophysical properties

The photophysical properties of the synthesized furan amido alkynes
4.1a-4.11, furan azido alkynes 4.2a-4.21 and the macrocycles 4.3a-4.31
were studied by measuring the absorption and emission properties of

the compound in 0-10 pH in DMSO solvent. The absorption, emission
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and stokes shift values of all the compounds were listed in table 4.4,

4.5 and 4.6.

Table 4.4: Photophysical properties of furan amido alkynes.

Entry Absorption max | Emission max Stokes shift
4.1a 305 485 182
4.1b 310 485 175
4.1c 312 482 170
4.1d 306 485 179
4.1e 302 486 184
4.1f 307 483 176
4.1¢g 308 487 179
4.1h 319 488 169
4.1i 320 487 167
4.1j 318 485 167
4.1k 312 483 171
4.11 306 483 177

Table 4.5: Photophysical properties of furan azido alkynes.

Entry Absorption max | Emission max Stokes shift
4.2a 285 468 183
4.2b 287 472 185
4.2¢ 287 475 188
4.2d 285 472 187
4.2¢ 284 472 188
4.2f 285 474 189
4.2¢g 288 474 186
4.2h 288 476 188
4.2i 288 475 187
4.2j 288 476 188
4.2k 288 476 188
4.21 288 474 186
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Table 4.6: Photophysical properties of furan tagged macrocyclic
peptidomimetics

Entry Absorption max | Emission max Stokes shift
4.3a 312 512 200
4.3b 306 510 204
4.3c 306 510 204
4.3d 311 511 200
4.3e 300 505 205
4.3f 308 512 204
4.3¢g 312 515 203
4.3h 314 516 202
4.3i 316 515 199
4.3j 325 520 195
4.3k 328 520 192
4.31 320 525 205

All the molecules showed exceptionally high Stokes shift in the range
167-205 nm. When comparing the absorption and emission properties
of the linear precursors 4.1a-11 and 4.2a-4.21, the macrocycles 4.3a-
4.31 were exhibited higher stokes shift values. The normalized
absorption and emission spectra of typical compounds are shown in

fig.4.1,4.2 and 4.3.
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Fig. 4.1: The normalized absorption and emission spectra of 4.11
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Fig.4. 2: The normalized absorption and emission spectra of 4.21
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Fig. 4.3: The normalized absorption and emission spectra of 4.31

Fluorophores with large stokes shifts are valuable tools for multicolour
experiments to reduce the number of detection channels, to overcome
cross-talk and simplifying the imaging scheme."”> However, only few
of such bright and photo stable probes with large Stokes shift are

commercially available and most of them are coumarin based small
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molecules.'* The main drawback of these coumarin dyes are their
moderate photo stability due to the excitation to the triplet state upon
excitation and low fluorescence quantum yields in polar solvents
restricts their use in optical microscopy/nanoscopy.'> The stokes shift
has a direct relation with the excited state and ground state dipole
moment of the fluorophore.'® In most cases, the dipole moment of a
fluorophore in the excited state differs from that in the ground state.
Therefore, after excitation, the solvent dipoles that surround a
molecule of the fluorophore may rearrange, to form a better stabilized
excited state with lower energy.'” If the dipole moment of the dye
molecule in the excited state is higher than the dipole moment of the
same dye in the ground state and the solvent polarity increases, then
the energy of the excited state becomes lower and the molecule will
give a red shifted emission in more polar solvents.'”® Geometrical
relaxation in the excited state and rearrangement of the solvent dipoles
are two photophysical processes responsible for the value of the stokes
shift."” Thus, a potential strategy to increase the stokes shift, is to
design structures with large differences between the equilibrated

geometries and dipole moments in the ground and excited states.

geometry relaxation
atthe excited state S+1
>
> absorption emission S0
]
=
(]
Age/ometry relaxation
at the ground state

molecular geometry

Fig.4.4 : An illustration of the light absorption and emission process leading to
change in Stokes shift in fluorophore
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RS

Fig.4.5: The design strategy for increasing the Stokes Shift of furan by
introducing a rotational bulky substituent with steric hindrance.

One of such design strategy is the attachment of a rotational substituent
to the furan frame work through a single bond. Such a substituent can
cause steric hindrance leading it to bend out of the furan molecular
plane imparting a non-planar geometry to it.”° This creates a
prerequisite for the substituent to rotate in the excited state during
geometry relaxation. When the substituent rotates in the excited state, a
strong interaction between the substituent and its neighbouring atoms
ensures a large amount of torsional work which is then translated into
the stokes shift. To enhance the resonance effect and produce a large
rotation upon photoexcitation, the substituent should have a strong
tendency to participate in the m- conjugated network of the main
fluorophore. Similarly, a reasonably strong steric hindrance is required
to impart a large amount of torsional work during the substituent
rotation, such that a large stokes shift is afforded.

In addition to this, the rotating substituent to produce an observable
effect on the optoelectronic properties of a compound, it must

demonstrate a significant level of charge transfer between the
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molecular orbitals that are associated with the SO — S1 transition.
These molecular orbitals are typically, but not necessarily, HOMO and
LUMO. The active participation of the substituent in this orbital charge
transfer will impart a large change in electron density of the substituent
drives its rotation in the excited state and also will introduce
considerable changes to the energy levels of the SO and S1 states,
leading to a large amount of charge in the related molecular orbitals.

In the present case, the substituent is a macrocycle which can satisfy
many of the criteria mentioned above to justify the large Stokes shift
observed in the furan tagged macrocycles. However, high level
DFT/TD-DFT calculations are required for a deeper understanding on
the unusual stokes shift observed in these molecules, especially when
considering the fact that these macrocycles are not fully conjugated.

4.4 Biological studies
4.4.1 Primary drug property evaluation

The drug property descriptors of all the precursors as well as
macrocycles  were calculated using an online service,
www.molinspiration.com. All the drug property descriptors of alkyne
derivatives 4.1a-4.11 (Table 4.7), the azido alkynes 4.2a-4.21 (Table
4.8) and the macrocycles 4.3a-4.31 (Table 4.9) were within the limit of

Lipinski’s rule of five. According to the Lipinski’s rule of five, the
drug-likeness of the molecules were assessed mainly based on
molecular size, lipophilicity as well as polarity (topological polar
surface area; tPSA) Drug like molecules usually have log P values
between -0.4 and 5.6 and a molecular weight of <500. An orally

bioavailable drug will have tPSA between 75 and 160. Usually
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macrocycles occupy the position in between the small molecule
therapeutics and large biomolecules. They do not obey the Lipinski’s
rule of five (Ro5) properties. But for the synthesized macrocycles
4.3a-4.31 all the drug property descriptors including molecular weight,
number of hydrogen bond donors and acceptors, lipohilicity as well as
polarity (topological polar surface area; tPSA) are within the limit of
Ro5 and indicating their potential for explorations on their biological

activities.

Table 4.7: The drug property descriptors of furan amido alkynes

Entry | Number | Number | Log | Molecular | Number | Number | Number | Topological
of of P weight of ON of OH of surface area
violations | atoms < <500 <10 N<I;I g%ta?fé: PSA
<10
4.1a 0 25 1.90 | 404.26 5 1 8 68.54
4.1b 0 25 1.95 404.26 5 1 8 68.54
4.1c 0 27 1.54 434.29 6 1 9 77.78
4.1d 0 26 2.17 418.29 5 1 9 68.54
4.1e 0 26 2.22 418.29 5 1 9 68.54
4.1f 0 28 1.81 448.31 6 1 10 77.78
4.1g 0 28 2.95 446.34 5 1 11 68.54
4.1h 0 28 3.00 446.34 5 1 11 68.54
4.1i 0 30 2.58 476.37 6 1 12 77.78
4.1j 0 29 3.45 460.37 5 1 12 68.54
4.1k 0 29 3.50 | 460.37 5 1 12 68.54
4.11 0 31 3.09 | 490.39 6 1 13 77.78
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Table 4.8: The drug property descriptors of azido alkynes

Entry | Number | Number | Log | Molecular | Number | Number | Number | Topological
of of p | weight | ofON | ofOH of | surface area

violations | atoms | | _ 1 NH f)oftg?;cllz PSA

= <10

4.2a 0 27 2.37 | 366.38 8 1 9 118.30
4.2b 0 27 242 | 366.38 8 1 9 118.30
4.2¢ 0 29 2.00 | 396.40 9 1 10 127.53
4.2d 0 28 2.14 | 380.40 8 1 10 118.30
4.2e 0 28 2.18 | 380.40 8 1 10 118.30
4.2f 0 30 1.77 | 41043 9 1 11 127.53
42¢ 0 30 291 | 408.46 8 1 12 118.30
4.2h 0 30 2.96 | 408.46 8 1 12 118.30
4.2i 0 32 2.55 | 438.48 9 1 13 127.53
4.2j 0 31 342 | 42249 8 1 13 118.30
4.2k 0 31 346 | 422.49 8 1 13 118.30
4.21 0 33 3.06 | 452.51 9 1 14 127.53
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Table 4.9: The drug property descriptors of furan tagged Macrocyclic

peptidomimetics
Entry | Number | Number | Log | Molecular | Number | Number | Number | Topological
of of p weight | ofON | of OH of | surface area
violations | atoms < <500 <10 NH f)oftg?;cli: {PSA
< <10
4.3a 0 28 0.89 | 380.40 8 1 3 99.26
4.3b 0 27 0.66 | 366.38 8 1 3 99.26
4.3c 0 29 0.25 | 343.33 8 1 4 108.50
4.3d 0 28 0.93 | 380.40 8 1 3 99.26
4.3e 0 30 0.52 | 410.43 9 1 4 108.50
4.3f 0 28 1.24 | 380.40 8 2 3 110.12
4.3g 0 31 2.17 | 422.49 8 1 3 99.26
4.3h 0 31 2.21 | 422.49 8 1 3 99.26
4.31 0 33 1.80 | 452.51 9 1 3 108.50
4.3j 0 32 2.67 | 436.51 8 1 3 99.26
4.3k 0 32 2.72 | 436.51 8 1 3 99.26
4.31 0 34 2.31 | 466.54 9 1 4 108.50

4.4.2 In vitro anticancer activity
4.4.2 (A) Cell culture and maintenance

A representative compound 4.3i were used for the cytotoxicity
evaluation to study the potential of these molecules as anticancer
agents. Human breast cancer MCF-7cells were maintained in RPMI
medium 1640 supplemented with 10% fetal bovine serum as well as
100 pg/mL streptomycin, 100 U/mL penicillin, 2 mM L-glutamine and
Earle’s BSS adjusted to contain 1.5 g/l Na bicarbonate, 0.1 mM
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nonessential amino acids, and 1.0 mM of Na pyruate in a humidified

atmosphere containing 5% CO, at 37 °C.
4.4.2 (B): In vitro cytotoxicity of synthesized 4.3i

Cell viability was determined by MTT assay. MCF-7 cells were seeded
in 96-well plates at a concentration of 1.0x104 cells/well and incubated
overnight at 37°C in a 5% CO, humidified environment. Then the cells
were treated with different concentrations of the sample 4.3i like 5,
10, 15,20,25,30,35,40,45 and 50uM/mL (dissolved with RPMI
medium 1640), respectively. Controls were cultivated under the same
conditions without addition of sample 4.3i. The treated cells were
incubated for 48 h for MTT assay. The stock concentration (5 mg/mL)
of MTT-(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, a yellow tetrazole) was prepared and 100 pL of MTT
was added in each wells and incubated for 4 h. Purple color
formazan crystals were observed and these crystals were
dissolved with 100 pL. of dimethyl sulphoxide (DMSO), and read
at 620 nm in a multi well ELISA plate reader (Thermo,
Multiskan). The molecules showed excellent cytotoxicity against

MCF-7 cell lines with an IC50: 20uM as shown in fig.4. 6
442 (C): In vitro imaging studies: DAPI (4, 6-Diamidino-2-
phenylindole, dihydrochloride) staining

MCEF-7 cells were treated with 4.3i at its IC50 concentration
(20uM/mL) for 48 h, and then fixed with methanol: acetic acid (3:1,
v/v) prior to washing with PBS. The washed cells were then stained

with Img/mL DAPI (4,6-Diamidino-2-phenylindole, dihydrochloride)
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for 20 min in the dark atmosphere. Stained images were
recorded with fluorescent microscope with appropriate excitation filter.
The bright filed and fluorescence microscopic images are shown in fig.
4.3i. The strong bluish fluorescence and cellular uptake observed in the
imaging studies with 4.3i reveals that these molecules have potency to
selectively locate malignant cell lines such as MCF-7.

120 1

[
=
=

oo
=]

Cell viability (%)
4

(=]
=]

(-}

> N N N N N N N N
0 ) ) o> S =
S AR S & 3 &

b ¥
P T R S S T S

Concentration (pg/mL)

Fig. 4.6: MTT assay results confirming the in vitro cytotoxicity effect of 4.3i against
the MCF-7 cells. The detected IC50 concentration was 20uM/mL.
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Fig.4.7: Bright field inverted light microscopy images (a) (cc), (b) (IC 25)
and (c) (IC 50) and fluorescence microscopy images (d) (CC), (e) (ICC 25)
and (f) (IC50) of 4.3i treated MCF-7 cells.
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In summary, the chapter 4 presents an efficient protocol for the
synthesis of furan tagged macrocycles with varying ring size from11-
18. All the macrocycles are fluorescent molecules with large Stokes
shift and also having excellent cytotoxicity against human breast
cancer cell lines MCF-7. Compared to the linear peptidomimetics
described in chapters 2 and 3, the macrocyclic molecules showed
enhanced Stokes shifted emission and enhanced cytotoxicity (IC50
20uM) pointing sufficient potency to merit further developments with

these molecules.

4.5 Structure identification

4.5.1 Structure identification of 2-Bromo-N-(3-(5-methylfuran-2-yl)-3-oxo-
1-(2-(prop-2-yn-1-yloxy)phenyl)propyl)acetamide 4.1a

18
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24> py
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Fig. 4.7: structure of compound 4.1a

For the general discussion, the compound 4.1a is taken as the representative
for the alkyne derivative of furan P-amido ketones. The molecule is
numbered as shown in Figure 4.7. The FT-IR spectrum of the compound 4.1a
(figure 4.7) gave major absorptions at 3463, 3292, 2926, 2132, 1693, 1614,
1509, 1470, 1369,1269 and 1156cm™. The NH stretching vibration band of
the acetamido group occurs at 3463 cm™. The band at 3269 cm™ confirmed

the strong C-H stretching band of alkyl group. The weak band at 2132 cm’

207



'correspond to the stretching vibration of C-C triple bond. The peak at 1693
cm’’ corresponds to the amide I band, i.e., the band due to the C=0 stretching
vibration of (C2) and the amide II band which arises from the interaction
between the N-H bending and the C-N stretching of the C-N-H group is
obtained at 1614cm’™.

Fig. 4.8: FT-IRspectrum of 4.1a

The initial information obtained about the compound 4.1a was
further confirmed by the '"H NMR spectrum (Figure 4.9). The singlet
obtained at 6 = 8.32 is due to the amido bond (NH). The aromatic
proton at position 19 of the furan ring appeared as a doublet at 7.933-
7.914. Another doublet at 6.389-6.381 corresponds to the neighboring
proton at position 20. Other downfield resonances such as a quartet at
0 7.75-7.67, the multiplet at & 7.50-7.90 corresponds to the remaining
aromatic protons. The CH proton at position 2 is obtained as a triplet &
5.03 The CH, protons at position 4 are obtained as a doublet of
doublet at & 4.78-4.99 and 4.27-4.58 with approximately equal
coupling constants. The singlet at 2.37 is due to the three protons of the

methyl group at position 23.
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4.5.2 Structure identification of 2-Azido-N-(3-(5-methylfuran-2-yl)-3-oxo-

1-(2-(prop-2-yn-1-yloxy)phenyl)propyl)acetamide4.2a
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Fig. 4.9: Structure of compound 4.2a

For the general discussion, the compound 4.2a is taken as the representative
for the azide derivative of furan B-amido ketones. The molecule is numbered
as shown in Figure 4.9. The FT-IR spectrum of the compound 4.2a (figure
4.10) gave major absorptions at 3423,3326, 3292, 2927, 2187, 2161, 1635,
1614, 1569, 1536, 1449, 1436, 1386 and 1346cm”. The NH stretching
vibration band of the acetamido group occurs at 3424 cm™. The band at 3269
cm” confirmed the strong C-H stretching band of alkyl group. The band at
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2187 corresponds to the azide part. The weak band at 2161 ¢m™ correspond
to the stretching vibration of C-C triple bond. The peak at 1635 cm™
corresponds to the amide I band, i.e., the band due to the C=O stretching
vibration of (C2) and the amide II band which arises from the interaction
between the N-H bending and the C-N stretching of the C-N-H group is
obtained at 1614cm’™.

avenumber [en-1]

Fig. 4.10: FT-IR spectrum of compound 4.2a

The initial information obtained from the FT-IR spectrum was further
confirmed by '"H-NMR spectrum as shown in fig.4.11. The two proton
singlet observed at 6 1.77 is attributed to the CH, proton at position 24.
The two proton doublet at & 3.78 corresponds to the CH, proton at
position 4. The two proton singlet at 6 4.95 corresponds to the CH,
proton at position 16. The one proton singlet at 6 5.31 corresponds to
the CH proton at position 2. The aromatic protons observed at 6 6.83,
07.24-7.26, 87.59-7.65. the NH proton at position 3 is observed at
08.33.
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Fig. 4.11: 1H-NMR spectrum of 4.2a

4.5.6 Structure identification of 10-(2-(5-Methylfuran-2-yl)-2-oxoethyl)-
9,10-dihydro-2H-3,6-(metheno)benzo[k[[1,4,5,6,9]oxatetraazacyclododecin-
8(7H)-one 4.3a

Fig. 4.12: structure of compound 4.3a

For the general discussion, the compound 4.3a is taken as the representative
for the furan tagged macrocycles. The molecule is numbered as shown in
Figure 4.12. The FT-IR spectrum of the compound 4.1a (fig. 4.13) gave
major absorptions at 3419, 2921, 1698, 1614, 1509, 1487, 1369,1269 and
1136cm™. The NH stretching vibration band of the acetamido group occurs at
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3419 cm™. The peak at 1698 cm™ corresponds to the amide I band, i.e., the
band due to the C=O stretching vibration of (C2) and the amide II band
which arises from the interaction between the N-H bending and the C-N

stretching of the C-N-H group is obtained at 1614cm™.

Fig. 4.13: FT-IR spectrum of compound 4.3a

The initial information obtained from the FT-IR spectrum is again confirmed
by 1H-NMR spectrum as shown in fig. 4.14. The three proton singlet at &
2.58 corresponds to the CHj3 proton at position 27. The two proton
doublet of doublet at 6 3.78 is attributed to the CH, proton at position
20. The two proton singlet at & 4.96 corresponds to the CH, proton at
position 2. The two proton singlet at & 5.30 corresponds to the CH,
proton at position 4. The one proton singlet at 6 6.29, 66.94 and
multiplet between 67.05-7.45 corresponds to the aromatic protons. The
one proton singlet at 87.50 corresponds to the triazole proton and

singlet at & 8.30 corresponds to the singlet NH proton at position 9.
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Fig.4.14: 1H-NMR spectrum of 4.3a
4.6 Experimental section
4.6.1 General

IR spectra were recorded on a JASCO-FT/IR-4100 Fourier transform infrared
spectrometer and measured as KBr pellets. 'H were determined in DMSO or
CDCl; with a Bruker amx 500 MHz spectrometer. The chemical shifts (8) are
given relative to tetramethylsilane (TMS) and the coupling constants (J) are

reported in hertz (Hz).

4.6.2 Typical procedure for the synthesis of furan amido alkyne 4.1a : In
a typical reaction 1 equivalent of 2-Acetyl-5-methyl-furan (124mg),
propargylated 4-Hydroxy benzaldehyde (160mg), 2-Bromoacetonitrile

(119mg) were dissolved in minimum amount of acetyl chloride in an R.B
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flask and added catalytic amount of BF;.Et,O. The reaction mixture is stirred
for 4 hours. Aqueous work up of the reaction mixture followed by silica

column chromatography yield 4.1a in 73% yield.

4.6.3. 2-Bromo-N-(3-(5-methylfuran-2-yl)-3-oxo-1-(2-(prop-2-yn-1-
yloxy)phenyl)propyl)acetamide 4.1a: Brownish solid, 302mg,75%, M.P.
153-154°C. 'H-NMR (DMSO, 500 MHz): 2.37(s,2H),4.27(s,1H),
4.78(dd,2H), 5.03(s,1H), 6.38(s,1H), 7.50-7.90(d,1H), 7.93-7.91(d,1H),
8.32(s1H).IR (KBr)v cm'1: 3463,3292, 2926, 2132, 1693, 1614, 1509, 1470,
1369,1269 and 1156 cm’!

4.6.4 3-Bromo-N-(3-(5-methylfuran-2-yl)-3-oxo-1-(4-(prop-2-yn-1-
yloxy)phenyl)propyl)propanamide 4.1d: Brownish solid, 292mg,80%, M.P.
170-172°C. 'H-NMR (DMSO, 500 MHz), 8H (ppm): 2.35(s,3H),
2.57(s,2H),3.42(s,H),3.52(s, 1H), 3.81(s,2H),4.95(s,2H), 5.15(s,1H), 7.23-
7.87(m,6H), 8.30(S,1H). IR (KBr)v em™: 3457,3260, 2947, 2100, 1643,
1609, 1515, 1460, 1379,1280 and 1164 cm™

4.6.5. Typical experimental procedure for the 2-Azido-N-(3-(5-methylfuran-
2-yl)-3-0x0-1-(2-(prop-2-yn-1-yloxy)phenyl)propyl)acetamide4.2a: one
equivalent of 4.la (0.404g) is dissolved in minimum amount of
dimethylformamide and three equivalent of K,CO; were added. The reaction
mixture is stirred for 4 hours. Diluted with water. Filtered and dried to get

4.2a in 73% yield.

4.6.6 2-Azido-N-(3-(5-methylfuran-2-yl)-3-oxo-1-(2-(prop-2-yn-1-yloxy)

phenyl) propyl) acetamide4.2a: Brownish solid, 210mg, 70%, M.P. 180-
182°C.  'H-NMR (DMSO, 500 MHz), 8H (ppm): 1.17(s,1H), 2.31(s,2H),
2.34(s,3H), 3.78(dd,2H), 4.95(s,2H), 5.31(s,2H), 6.83(s,1H), 7.24-
7.65(m,6H), 8.03(s,1H). IR (KBr) vem™: 3423, 3326, 3292, 2927, 2187,
2161, 1635, 1614, 1569, 1536, 1449, 1436, 1386 and 1346cm’™
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4.6.7 3-Azido-N-(3-(5-methylfuran-2-yl)-3-oxo-1-(4-(prop-2-yn-1-
yloxy)phenyl)propyl)propanamide 4.2¢: 'H-NMR (DMSO, 500 MHz), 6H
(ppm): 1.17(s,1H), 2.51 (s,3H), 3.2(s, 1H), 3.25(s,2H), 3.99(s,2H),
5.16(s,1H), 6.07(s,1H), 7.49-7.96(m,6H), 8.30(s,1H). IR (KBr)v cm™:
3406,3316, 3201, 2921, 2104, 2100, 1648, 1608, 1575, 1538, 1450, 1487,
1380 and 1335cm”

4.6.8 10-(2-(5-Methylfuran-2-yl)-2-oxoethyl)-9,10-dihydro-2H-3,6-
(metheno)benzo[k][1,4,5,6,9]oxatetraazacyclododecin-8(7H)-one 4.3a:
'H-NMR (DMSO, 500 MHz), 8H (ppm):2.58(s,3H), 3.78(dd,2H), 4.96(s,2H),
5.30(s,2H),6.29(s,1H), 6.94(s,1H), 7.05-7.45(m,5H), 7.50(s,1H), 8.30(s,NH).
IR (KBr)v cm-1: 3419, 2921, 1698, 1614, 1509, 1487, 1369,1269 and
1136cm™.

4.6.9 10-(2-(5-Methylfuran-2-yl)-2-oxoethyl)-9,10-dihydro-2H-3,6-
(metheno)benzo[k][1,4,5,6,8]oxatetraazacyclododecin-8(7H)-one 'H-
NMR (DMSO, 500 MHz), 6H (ppm):2.61(s,3H), 3.95(dd,2H), 4.83 (s,1H),
5.47(s,2H),6.27(s,1H),  7.09(s,1H),  7.47(s,1H),  7.54(s,1H),7.56(s,4H)
8.30(s,NH). IR (KBr)v cm-1: 3471, 2934, 1681, 1613, 1508, 1488,
1324,1256 and 1126cm’™.
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Chapter 5
Conclusion and Future Perspectives




As reflected in the title of the thesis, the work presented in this thesis is
on the development of privileged scaffold functionalized
peptidomimetics based on the combination of multicomponent
coupling strategy with click chemistry. Two privileged heterocycles
such as chromene and furan had been selected as the core scaffold.
These core scaffolds were functionalized with synthetic equivalents of
a-amino acids and B-amino acids such as carboxamide or acetamide
moieties through a triazole linker to obtain linear or cyclic
peptidomimetic structures and their biological and photophysical
property evaluation is the topic investigated and presented in this

thesis.

The chapter 1 gives a brief introduction on the importance of
privileged scaffolds in medicinal chemistry and the discussion on the
recently emerged synthetic methodology for the design of privileged
scaffolds incorporating peptidomimetics by combining

multicomponent reactions and click chemistry.

The chapter 2 describes the chemistry and chemical biology of two
new series of chromene peptidomimetics with carboxamide and
acetamide peptide residues based on  Click with MCR synthetic

strategy as shown in the graphical representation given as fig. 1
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Fig. 5.1: Graphical representation of the peptide randomization studies

discussed in chapter 2.

3 new alkynes, 10 new azides, and 24 new peptidomimetic
fluorophores were synthesized and their fluorescence properties were
evaluated. Spectroscopic studies indicated that the efficiency of the
new compounds, especially the type 2 peptidomimetics are
comparable with commercial Alexa Fluor® 405 and eFluor®450,

extensively used in flow cytometry. Similarly, the drug property
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descriptors were calculated and the data obtained revealed the
possibility of these molecules for modulating difficult target classes
that have large, flat, and groove-shaped binding sites. Selected
molecules were subjected to cytotoxicity evaluation against human
breast cancer cell lines MCF-7 and the results obtained are promising
for further developments based on these molecules. The new
compounds added to the chemical space are shown in figures 5.2 to 5.4
and their physicochemical and biological properties are listed in tables

5.1and 5.2
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Fig.5.2: Alkyne and azido scaffold diversity reported in chapter 2
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Table 5.1: The structure and properties of type 1 peptidomimetics

Entry Properties
Yield-80%, MW-859.19, noN-11, noHNH-2, mi LogP-8.75,
| TPSA-154.87, AbSpax: 341nm, Em,,,: 451nm, A4: 110nm, IC50:
40 uM.
) Yield: 76%, MW: 795.29, noN-11, noHNH-3, mi LogP-8.07,
TPSA-154.87, AbSpax: 373nm, Em,,,: 432 nm, A4: 59 nm
3 Yield-82%, MW-806.32, noN-14, noHNH-3, mi LogP-7.31,
TPSA-154.87, AbSyax-372nm, Emp,.-439nm, AA-67nm
4 Yield-75%, MW-859.18, noN-11, noHNH-3, mi LogP-8.77,
TPSA-154.87,AbSiax-371nm, Emy,,-444 nm,A4-73nm
5 Yield-73%, MW-829.17, noN-10, noHNH-3, mi LogP-8.76,
TPSA-145.64,Abs,-350nm, Em,,,.-419nm, A4-69 nm
6 Yield-76%, MW-765.28, noN-10, noHNH-3, mi LogP-8.02,
TPSA-145.64,AbS 14x-350 nm, Emy,-433 nm, A4-83nm
7 Yield-81%, MW-776.30, noN-13, noHNH-3, mi LogP-7.33,
TPSA-145.64,AbS1.x-352 nm, Emy,,-416 nm,AA-64nm
g Yield-75%, MW-829.17, noN-10, noHNH-3, mi LogP-8.78,
TPSA-145.64,AbS1.-305 nm, Em,,.-444 nm, A4-139 nm.
9 Yield-75%, MW-829.17, noN-11, noHNH-3, mi LogP-8.02,
TPSA-145.64.45, AbSpax-306nm, Em,,,-444nm, AA-138nm.
10 Yield-82%, MW-765.28, noN-11, noHNH-3, mi LogP-6.91,
TPSA-197.45,AbS14-303nm, Em,,,,-441nm, AA-138nm
11 Yield-75%, MW-776.30, noN-14, noHNH-3, mi LogP-6.22,
TPSA-197.45,AbS14,-307 nm, Em,,-442nm,AA-135nm
12 Yield-73%, MW-829.17, noN-11, noHNH-3, mi LogP-8.06,

TPSA-145.64,Absm-361nm, Em,-438nm,AA-77nm

225




Table 5.2: The structure and properties of Type 2 peptidomimetics

Entry Properties

Yield-80%, MW-818.09, noN-11, noHNH-3, mi LogP-6.96, TPSA-

1 151.63, AbSpay: 352nm, Em,,,,,: 434nm, Ad: 82nm
, IC50 : 40 uM/mL

) Yield: 73%, MW: 773.58, noN-11, noHNH-3, mi LogP-6.88, TPSA-
151.63, AbSpax: 372nm, Emy,,: 434 nm, Ad: 62 nm

3 Yield-72%, MW-773.58, noN-11,noHNH-3, mi LogP-6.83,TPSA-
151.63, Abs,a-375nm,Em,,,-434nm,A 3-59nm

4 Yield-76%, MW-757.17, noN-11, noHNH-3, mi LogP-6.32, TPSA-
151.63,AbSmax-370nm, Em,,,,-434 nm, Ad-64nm

5 Yield-73%, MW-832.51, noN-10, noHNH-3, mi LogP-7.55, TPSA-
142.4, Abs-351nm,Em,,,.-409nm, A4-58nm

6 Yield-74%, MW-743.63,n0N-10, noHNH-3, mi LogP-7.29, TPSA-
142.4 Abs;-350 nm, Em,,,,-419 nm,A 3-69nm

7 Yield-77%, MW-773.66, noN-10, noHNH-3, mi LogP-7.24, TPSA-
142.4, Absa-349 nm, Emy,,-434 nm, A3-85nm

e Yield-80%, MW-727.18,noN-10, noHNH-3, mi LogP-6.73,TPSA-142.4
AbSa-374nm, Em,,,,-434 nm,A 1-60 nm

9 Yield-76%, MW-743.63, noN-10, noHNH-3, mi LogP-6.44, TPSA-
142.4, Abs.-379nm,Em,,,-436nm,AA-63nm

10 Yield-76%, MW-727.18, noN-10, noHNH-3, mi LogP-5.93, TPSA-
142.4 Abs,.-373nm, Emy,,-434nm,AA-69nm

1 Yield-76%, MW-743.63, noN-10,noHNH-3, mi LogP-6.49, TPSA-
142.4 AbSya-348nm, Em,,,-434nm, AA-86nm

12 Yield-78%, MW-832.53, noN-10, noHNH-3, mi LogP-6.75, TPSA-
142.4, Abs,,-346 nm, Em,,,,-409 nm, Ad-63 nm

Chapter 3 present the synthesis of a series of bifunctional
pyranocoumarin peptidomimetics with inhibitory property towards

human breast cancer cell lines MCF-7 and having excellent
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fluorescence properties suitable for developing bioimaging agents
based on these molecules. The graphical representation of the work

presented in chapter 3 is given in fig.5.5

TEdnm 17405 yygren

P 1EO0nm 38
: Z o
CN / imaging £
E ae
@ &2 ptide residue Ea-
E
2 0z
. . . a0
Pyranocoumarin carboxamides/acetamides X 0 w0 o om

Wavelangih fnmy

12 examples of fluoresent probes with anticancer activity

Fig.5.5: Graphical representation of the work presented in chapter 3
about the development of bioactive and fluorescent pyranocoumarin
peptidomimetics.

The bandgap of selected molecules were calculated from DFT
modelling using B3LYP/6-31G method basis set (Gaussian 09). And
the molecules showed wide band gap above 2.2 eV. All the molecules
showed large Satokes shifted fluorescence suitable for developing
probes for cell imaging. The cytotoxicity evaluations were also
showed excellent anticancer properties of these molecules against
human breast cancer cell line MCF-7. The photophysical properties of
all molecules and biological properties of selected molecules are listed

in table 5.3
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Table 5.3: pyranochromene-triazole-carboxamide peptidomimetics (PTC)

Entry Structure Properties

Yield-85%
MW-797.30
noN-13
noHNH-3

mi LogP-4.90
TPSA-181.17
Abs5-262nm
Em,,,,-436nm

Ad-174nm

IC50:50uM/mL

Yield-84%
MW-824.29
noN-13
noHNH-3
mi LogP-5.03
TPSA-181.17
\]< ADbS 5-265nm
o Em,,,,-432nm

Ad-174nm

Yield-81%

MW-784.26

noN-12

Cl noHNH-3

mi LogP-5.44

o TPSA-171.94
N N1 Absa-259nm

Y Empp,,-430nm
A3-171nm
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Yield-83%
MW-784.26
noN-12
noHNH-3

mi LogP-5.31
TPSA-171.94
Abs,5-264nm
Em,,,,-435nm

Ad-171nm

Yield-83%
MW-814.28
noN-12
noHNH-3

mi LogP-5.26
TPSA-181.17
Abs,5-258nm
Em,,,,-432nm

Ad-174nm

Yield-82%
MW-794.81
noN-12
noHNH-3

mi LogP-5.39
TPSA-1223.75
Abs -258nm
Em,,,,-438nm

AA-176nm




Table 5.4: pyranochromene-triazole-Ketoamide peptidomimetics (PTK)

Entry

Structure

Properties

Yield-80%
MW-791.63
noN-14
noHNH-3

mi LogP-4.86
TPSA-177.93
AbS ,-265nm
Em,,,-431nm
AA-166nm

1C50:50uM/mL

Yield-82%
MW-836.09
noN-17
noHNH-3

mi LogP-4.67
TPSA-177.93
ADbS 5-265nm
Em,,,,-435nm
AA-166nm

Yield-80%
MW-806.06
noN-14
noHNH-3

mi LogP-5.42
TPSA-168.7
AbS,,5,-266nm
Em,,,,-435nm
A4-165 nm
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Yield-83%
MW-761.16
noN-13
noHNH-3

mi LogP-5.68
TPSA-168.7
ADS 5-266nm
Em,,,-436nm
AA-165nm

Yield-85%
MW-761.61
noN-13
noHNH-3

mi LogP-5.63
TPSA-168.7
ADbS 5-265nm
Em,,,,-430nm
AA-165nm

Yield-81%
MW-806.06
noN-16

,0 NH, a
g

OY\/ N N=N N
o é/ \/K/ 0o

Y

/

S
o

noHNH-3

mi LogP-5.04
TPSA-168.7
ADbS 5-266nm
Em,,,,-432nm
AA-166nm

Chapter 4 presents the progress of the work from linear
peptidomimetics to macrocyclic peptidomimetics based on the same
MCR-Click strategy described in chapters 2 and 3. In this study, the
chromene scaffold was replaced with a furan privileged scaffold and
an intra-molecular MCR-Click strategy was adopted for the synthesis

of the macrocycles as shown in Fig.5.6
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Fig.5.6: Graphical representation of the work presented chapter 4 about the synthesis
of furan tagged macrocycles with varying ring size.

All the synthesized linear and Macrocyclic compounds were analyzed
for their absorption and emission properties. The macrocycles showed
large stokes shift values compared to their linear precursors as shown
in fig.5.6. The cytotoxicity of the selected macrocyclic compound were
also analyzed and the details was also discussed in chapter 4 as shown
in fig.5.7. The structures of the macrocycles and the summary of their

physicochemical details are presented in table 5.7.
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Fig. 5.7: graphical representation of work present in chapter 4 about
the photophysical and cytotoxicity evaluation of furan tagged

Macrocylic peptidomimetics.

Table 5.5. Summary of physicochemical properties of macrocycles
discussed in chapter 4.

Entry Structure Properties
Yield-72%

0> MW-380.40
Y noN-8
| o " 11 N_,’; noHNH-1
/ ) v mi LogP-0.89
o g TPSA-99.26
1 ADbS oy 312nm

Emya: 512nm
A: 200nm

Yield-74%

MW-360.38
o o noN-8
/ noHNH-1
2 = 13 /g mi LogP-0.66
o HN NN TPSA-99.26
OM N AbS oy 306nm

Em,,,,: 510nm
Ai: 204nm

233



Yield-76%
MW-343.33
noN-8
noHNH-1

mi LogP-0.25
TPSA-108.50
Abs o 311nm
Emyo: 511nm
Ad: 200nm

Yield-70%
MW-380.40
noN-8
noHNH-1

mi LogP-0.93
TPSA-99.26
AbSa: 311nm
Em,,,: 511nm
Ad: 200nm

Yield-69%
MW-410.43
noN-9
noHNH-1

mi LogP-0.52
TPSA-108.50
ADbS ax: 300nm
Em,,,,: 505nm
Ad: 205nm

Yield-72%
MW-380.40
noN-8
noHNH-2

mi LogP-1.24
TPSA-110.12
Abs, . 308nm
Em,,,,: 512nm
Ad: 204nm

Yield-73%
MW-422.46
noN-8
noHNH-1

mi LogP-2.17
TPSA-99.26
Absax: 312nm
Emy . 515nm
Ad:203nm
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Yield-72%
MW-422.49
noN-8
noHNH-1

mi LogP-2.21
TPSA-99.26
Abs . 314nm
Emy . 516nm
Ad: 202nm

Yield-70%
MW-452.51
noN-8
noHNH-1

mi LogP-1.80
TPSA-108.50
AbSax: 316nm
Emy o 515nm
AA: 199 nm

IC50 : 20 uM/mL

10

Yield-68%
MW-436.51
noN-9
noHNH-1

mi LogP-2.67
TPSA-99.26
ADbS a: 325nm
Em,,,,: 520nm
Ai: 195nm

11

Yield-69%
MW-436.51
noN-8
noHNH-1

mi LogP-2.72
TPSA-99.26
ADbSa: 325nm
Em,,,,: 520nm
Ad: 192nm

12

Yield-68%
MW-466.54
noN-9
noHNH-1

mi LogP-2.31
TPSA-108.50
Absax: 320nm
Em,,,:525nm
Ad: 205nm
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In summary, this thesis presents development of a series of privileged
scaffold functionalized linear and macrocyclic peptidomimetics with 2-
in-1 properties such as anticancer activities and fluorescence properties
with large Stokes shifted emission suitable for developing probes for
bioimaging. The step-economic synthetic strategy adopted for this
work is close to green with the potential to develop cost effective
therapeutic agents for curing as well as diagnosis. Available details up
to this point are promising. However, further detailed investigations

are essential to answer many questions related to this study. Especially,

1. The selectivity of these molecules towards malignant cell lines
or toxicity of them towards normal cells.

2. The cytotoxicity of these molecules towards other cancer cell
lines or targets.

3. The role of triazole in the observed cytotoxicity.

4. The reason for the observed large stokes shift especially the
large Stokes shift observed in the furan tagged macrocyclic

systems with respect to their possible conformations etc.

These studies will be undertaken as futuristic aspects to develop this
area further ahead to achieve the goal of easy and cost effective

synthesis of therapeutic agents.
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