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Abstract

The diterpenoids possessing a fused 6,5,6-abeo-abietane skeleton (1, Figure 1) have gained interest from
synthetic community owing to their significant biological properties in addition to interesting complex
architecture. These are a family of carbotricyclic diterpenoids bearing an unusual 4a-methyltetra- (and hexa-)
hydrofluorene skeleton with an all-carbon quaternary stereocenter. A number of abeo-abietanes isolated from
different East Asian conifers viz. Taiwanese pine tree Taiwania cryptomerioides and hence they are popularly
named as the taiwaniaquinoids. In this review article, we discuss on the biosynthetic proposal as well as recent
efforts on the total syntheses of naturally occurring complex taiwaniaquinoids.
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Abstract

Conformational preferences of the calix[4]crown-(4,5,6,7)-ethers were studied utilizing HF/6-31G(d), B3LYP/6-31G(d),
B3LYP/6-311G(d), MPWB95/6-31G(d), MPWIPW91/6-31G(d) and M062X/6-31G(d) methods. DFT-D3 (Becke—John-
son) dispersion correction method was also employed. The results acquired from the analysis of the computational data
indicated that the stability of conformers of calix[4]crown-(4,5,6,7)-ethers follows the order; cone conformer > partial cone
conformer > 1,3-alternate conformer. It was initially assessed, in general, that both hydrogen bond and OH:- & interactions
play a crucial role in determining the stability of the different conformers. It was further observed that the strength of both
H-bond and OH---x interactions, are dependent on the length of the polyether bridge. Hence, in order to comprehend them
better, the effect of these interactions was studied systematically on the conformational stability of different isomers. It is
found that both intramolecular hydrogen bonds and O—-H--x interactions are mainly responsible for relative stabilities of
these conformers, which in turn is also dependent on the length of the polyether bridges.

Graphical Abstract
The computational study reported here demonstrate that the size of the polyether bridge along with non-covalent interac-
tions such as hydrogen bond and OH:--x interactions play an important role in determining the stability of the conformers

of calix[4]crown ethers.

Keywords Calix[4]crown ether - Calixarenes - Computational methods - Calix[4]crown ether conformers - Crown ether

Electronic supplementary material The online version of this Introduction
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supplementary material, which is available to authorized users.

Development of synthetic molecular receptors, for selec-

B4 Satish Kumar tive recognition of important guest molecules, is an area of
satish@ststephens.edu intense research [1-3]. The recognition of guest species by
b esasent o Ohistaintis, S¢. Stephésts Coliege; University the synthetic receptor is largely controlled by forces resulting
Enclave, Delhi 110007, India from non-bonding or non-covalent electrostatic and dispersion
2. Departsentol Gtk AtmaRin Saatan Dharma (intermolecular and intramolecular) mt?racuons. A variety of
College (University of Delhi), Delhi 110021, India supramolecular receptors based on calix[n]arene, cyclodex-
3 trin, cyclotriveratrylene and crown ethers are available for trap-

Department of Chemistry, Keshav Mahavidyalaya el i .
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ABSTRACT: A new generation of ligands designed to interact with el AB + DAEPep
the a-helix//-strand discordant region of the amyloid-f peptide (Af) m . M
and to counteract its oligomerization is presented. These ligands are i Iaractions with ; s

designed to interact with and stabilize the Af central helix (residues Vi "mc‘bs &"'"'-':Z':'J“" AB +CUREPep

13-26) in an a-helical conformation with increased interaction by \ 5)“\,\/“\,,(,\,

combining properties of several first-generation ligands. The new IA” W’;ﬂmm {\'ﬁ\/\- m
peptide-like ligands aim at extended hydrophobic and polar contacts =i “ o
across the central part of the Af, that is, “clamping” the target.
Molecular dynamics (MD) simulations of the stability of the AS
central helix in the presence of a set of second-generation ligands
were performed and revealed further stabilization of the Af a-helical conformation, with larger number of polar and nonpolar
contacts between ligand and Af, compared to first-generation ligands. The synthesis of selected novel Af-targeting ligands was
performed in solution via an active ester coupling approach or on solid-phase using an Fmoc chemistry protocol. This included
incorporation of aliphatic hydrocarbon moieties, a branched triamino acid with an aliphatic hydrocarbon tail, and an amino acid
with a 4’-N,N-dimethylamino-1,8-naphthalimido group in the side chain. The ability of the ligands to reduce Ap,
neurotoxicity was evaluated by gamma oscillation experiments in hippocampal slice preparations. The “clamping” second-
generation ligands were found to be effective antineurotoxicity agents and strongly prevented the degradation of gamma
oscillations by physiological concentration of monomeric Af,_,, at a stoichiometric ratio.

KEYWORDS: Alzheimer’s disease, amyloid-f} peptide, synthetic ligands, a-helical conformation, molecular dynamics,
gamma oscillations

AB + DAEDmnPep

B INTRODUCTION being focused on the development of methods to prevent the
occurrence or progression of AD.'* Several strategies''* have
been proposed to achieve inhibition of fibrillization/oligome-
rization of Af, which also include targeting of A in an
elongated, f-strand-like conformation with a range of small

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder and the most common cause of dementia, accounting
for about 60% of all cases.'” AD belongs to the group of
conformational diseases, which arise from protein misfoldin;

and aggregation,” and is associated with cerebral extracellulai organic molecules or peptide-based inhibitors.® The main
deposits, called plaques, which are mainly composed of problems of these approaches are lack of specificity and
amyloid fibrils formed from the amyloid-B peptide (Af): 56 potential accumulatlon of cytotoxic soluble, nonfibrillar AS
According to the amyloid cascade hypothesis, the aggregation aggregates.'” Othlesrl gstrategles .SUCh a .mh}bntlon' °fA **;5
of soluble Af} and formation of insoluble fibrillar Af in plaques secretase o ald ' ) and PASSIVE: OF active unfnufuzahon

is the central pathogenic event in AD.”~” However, numerous may .have _the"' hrm?atlons through interference w1th' il
studies indicate that the prefibrillar soluble oligomers, which physiological functions or development of undesirable side

are produced early in the aggregation pathway, possess a toxic effects.”
nature. 10-12
Currently available treatments of AD are only symptomatic, Received: September 12, 2018
do not stop the neurodegenerahve process, and only delay the Accepted: January 23, 2019
development of symptoms."> However, substantial efforts are Published: January 23, 2019
v ACS Publications  © 2019 American Chemical Society 1462 = C%;Tnggfs;g‘e;r;gﬂﬁgﬁi%
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Synthesis of 6'-Methyl-2'-0,4'-C-methylene-a-L-
ribofuranosyl-pyrimidine Nucleosides
Priyanka Mangla,” Jyotirmoy Maity,” Pallavi Rungta,” Vineet Verma,® Yogesh S. Sanghvi,”’

and Ashok K. Prasad*?

Herein, we report the efficient synthesis of (6'R)- and (6'S)-6-
methyl-2-0,4-C-methylene-a-L-ribofuranosyl-thymine, and
(6'R)- and (6'S)-6"-methyl-2'-0,4'-C-methylene-a-L-ribofuranosyl-
uracil starting from diacetone glucofuranose in overall yields of
6.3, 4.7, 5.4 and 4.0%, respectively. The key step in the synthesis
of stereochemically defined 6-Me-bicyclic-nucleosides is the
nucleophilic addition of methyl group at methylene carbon of
4-C-CH,OH moiety of the 4-C-tert-butyldiphenylsilyloxymethy-
lated sugar precursor. Thus, the methyl group was added on
the aldehyde obtained from Dess-Martin periodinane oxidation
of the precursor alcohol employing AlMe; in hexane. Both (6'R)-
and (6'S)-stereoisomers of bicyclic nucleosides T and U were

Introduction

The use of modified oligonucleotides to modulate the
expression of diseased gene is a promising drug discovery
platform."” However, modified oligonucleotides cannot act as
drug entity unless the modification is helpful in improving its
affinity towards mRNA and enhancing its metabolic stability
towards nucleases.”’ The sugar modifications, such as 2'-F, 2'-
OMe and 2-04'-C-methylene bridge are being widely used to
achieve the effectiveness of oligonucleotides.® Structurally
modified 2'-0,4’-C-methyleneribofuranosyl-nucleosides (LNA
monomers) feature remarkable control over sugar-ring pucker-
ing and therefore oligonucleotides derived from them have
been extensively used as antisense oligonucleotides (ASOs) to
modulate gene expression (Figure 1).5¥ Some of them have
now entered into clinical trials for the treatment of diseases,
such as infection of hepatitis C virus,®'® spinal muscular
atrophy,"" prostate cancer,!"? etc. Although, ASOs involving 2'-
0,4"-C-methyleneribofuranosyl-nucleosides are known for high
affinity recognition, their use is also accompanied with the risk
of hepatotoxicity."* This has persuaded researchers to explore
maodifications in their scaffold in pursuit of mitigation of the
toxic effect while maintaining the antisense activity.”'*"
Among other modifications, methyl substitution at their

[a] P. Mangla, Dr. J. Maity, Dr. P. Rungta, V. Verma, Prof. A. K. Prasad
Bioorganic Laboratory, Department of Chemistry, University of Delhi,
Delhi-110 007, India
E-mail: ashokenzyme@gmail.com

[b] Dr.Y.S. Sanghvi
Rasayan Inc., 2802 Crystal Ridge Road, Encinitas, CA 92024-6615, US.A

Supporting information for this article is available on the WWW under
https://doi.org/10.1002/slct.201900809
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successfully synthesized following Vorbriiggen nucleobase
coupling of T and U with triacetylated glycosyl donor obtained
from acetolysis of (5R)- and (5 S)-4-C-(tert-butyldiphenylsilylox-
ymethyl)-5-C-methyl-1,2-O-isopropylidene-3-O-(2-naphthyl-
methyl)-a-D-xylofuranoses and further cyclization and depro-
tection of the resulted nucleoside. One of the nucleosides,
(6'R)-6'-methyl-2'-0,4'-C-methylene-a-L-ribofuranosyl-uracil has
been reported earlier in 1.8% yield, while the present method-
ology yielded the nucleoside in 5.4% yield. All the synthesized
6'-Me-bicyclic-nucleosides showed no significant anti-viral
activity against H1 N1 strain of influenza A virus (A/Puerto Rico/
8/1934).

HO. o
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2‘—0.4'—quethyleneribofuranosyi— 2'-0,4'-C-methylene-a-L-ribofuranosyl-
nucleoside (LNA monomer) nucleosides (a-L-LNA monomer)
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(6'R)-6-Me-2"-0,4'-C- (6'S)-6"-Me-2'-0,4™-C-
methyleneribofuranosyl-nucleosides  methyleneribofuranosyl-nucleosides

OH OH
&1"5:0 T/U \\
4 1

HO—|, 3 2

5
(6'R)-6'-Me-2'-0,4'-C- (6'S)-6'-Me-2'-0,4"-C-
methylene-a-L-ribofuranosyl-T /U  methylene-a-L-ribofuranosyl-T / U

Figure 1. Structures of 2'-0,4'-C- / 6'-methyl-2'-0,4'-C-methyleneribofurano-
syl-nucleosides.

methylene bridge, i.e. 6'-methyl-2-0,4'-C-methyleneribofurano-
syl-nucleosides have exhibited interesting properties (Fig-
ure 1)." The methyl group of oligonucleotides derived from
(6'S)-6"-methyl-2'-0,4'-C-methyleneribofuranosyl-nucleosides di-
rect inside the minor groove exhibiting similar potency as 2'-
0,4'-C-methyleneribofuranosyl-nucleosides, but with improved
safety profiles.”*?® Seth et al.”” have reported the synthesis of
(6'R)-6"-methyl-2"-0,4’-C-methylene-a-L-ribofuranosyl-uracil and
oligonucleotides involving it, and have studied their duplex
stability. The methyl substitution on 2'-0,4'-C methylene bridge

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Bamford-Stevens reaction assisted synthesis of styrene
C-glycosides

Balram Singh, Sandeep Kumar, Jyotirmoy Maity, Indrajit Roy, and Ashok K. Prasad

Bioorganic Laboratory, Department of Chemistry, University of Delhi, Delhi, India

ABSTRACT ARTICLE HISTORY
Modification of carbohydrates and their analogs is hindered due to Received 27 February 2019
multi-step synthetic methodologies involving selective protection

and deprotection of multiple hydroxyl groups present in the mol-  KEYWORDS )
ecule. A highly efficient route for the synthesis of 1-phenyl-2-(§-D-  Bamford-Stevens reaction;
glycopyranosyl)ethenes has been developed from native sugars, g‘;rbOhydrates; )

3 5 : : : ycopyranosyl ethenes;
which neither requires protection/deprotection of the hydroxyl styrene C-glycoside
groups nor use of any metal/metal ions. The key step of the devel-
oped methodology is the use of Bamford-Stevens reaction which led
to the formation of the desired compounds in moderate to high
yields in three steps only.

GRAPHICAL ABSTRACT

OH OH
& Metal free o
—_—
HO OH HO N
Glycopyranoses Styrene C-glycosides
Introduction

C-Glycosides are a family of stable carbohydrate derivatives that have drawn the atten-
tion of chemists due to their interesting biological properties." ! They are also used as
precursors for the synthesis of C-glycoside mimics of glycolipids,*! oligosaccharides,’
glycoproteins,'®! and other natural and biologically active compounds.”*! The conform-
ation of the native sugars and their C-glycosides have very little difference’’ but the
pharmacological profile of C-glycosides vary significantly from its native O-glycosides as
the glycosidic C-C bond is not cleavable under normal physiological conditions making
them ideal surrogates of native O-glycosides as therapeutic agents.""’"'*! In spite of vari-
ous utility and natural origin of many C-glycosides,"*! their availability is often hedged
by the report of complicated synthesis from corresponding native sugars.

The aim of this study is to develop an efficient metal free synthetic methodology for
the preparation of styrene C-glycosides, which is a key intermediate molecule en-route
to various natural and biologically active carbohydrate derivatives."*'! The synthesis
of styrene C-glycosides reported earlier has been smeared either by inclusion of
protection/deprotection steps, use of toxic transition metals or by formation of mixture

CONTACT Ashok K. Prasad @ ashokenzyme@gmail.com; Indrajit Roy @ indrajitroy11@gmail.com e Bioorganic
Laboratory, Department of Chemistry, University of Delhi, Delhi, 110 007, India.

@ Supplemental data for this article can be accessed the publisher's website.
© 2019 Taylor & Francis Group, LLC
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REVIEW ARTICLE

In-silico Molecular Modeling of Low Band Gap Intrinsically
Conducting Copolymers

ENTH
CIENCE

Priyanka Thakral®, Vimal Rarh® and Ashok Kumar Bakhshi®”

“Department of Chemistry, St. Stephen’s College, University of Delhi, Delhi, India; "Department of Chemis-
try, SGTB Khalsa College, University of Delhi, Delhi, India; “Department of Chemistry, PDM University,
Bahadurgarh, Haryana, India

ARTICLE HISTORY

Received: July 07,2018
Revised: October 19, 2018
Accepted: January 29, 2019

DOI:
10.2174/1877946809666190201125603

Abstract: Background: Over the last four decades, tremendous growth has been witnessed
in the field of electrically conducting polymers. A great deal of theoretical and empirical ef-
forts have been made to achieve multifunctional conducting polymeric structures. However,
the major challenge in this field is achieving the minimum band gap value which governs
various electronic and optoelectronic properties of the structure.

Objective: Artificial optimization viz., metaheuristic algorithms have been clubbed with the
polymer problem to investigate the electronic properties of copolymers.

Method: Band structures of different homopolymers obtained from ab-initio
Hartree-Fock crystal orbital method have been used as input to obtain the electronic prop-
erties of copolymers using genetic algorithm, ant colony optimization and particle swarm
optimization.

copolymers correspond to optimal electronic properties.

Result: Nature-based computing methods employed for tailoring intrinsically conducting
CrossMark

Conclusion: This computational cloning approach provides a cost-effective and potent
passage for taking forward optimized theoretical solutions to synthetic environment.

Keywords: Ant algorithm, artificial intelligence, conducting polymers, copolymerization, electronic
properties, genetic algorithm, in-silico optimization, particle swarm optimization.

1. INTRODUCTION
1. In-Silico Modeling

With a tremendous increase in demand for a va-
riety of low volume high tech components for var-
ious applications, it has become important to have
exhaustive knowledge of the structure-property
relationship for developing smart materials. Al-
most all the physical and chemical characteristics
of importance to an engineer are structure-
sensitive, i.e., they can be mutated structurally in
significant ways, for instance by changing chemi-
cal composition; the arrangement of atoms or mol-
ecules; the size, shape and orientation of the units,

*Address correspondence to this author at the Department of
Chemistry, PDM University, Bahadurgarh, Haryana, India;
Tel: +91-8826676577; E-mail: akbakhshi2000@yahoo.com

u77-9476/18 $ 58.00+.00

etc. The axiom “function follows form” holds true
in this regard, i.e., the structure of the molecule -
geometric and electronic must contain the attrib-
utes responsible for its physical and chemical
properties.

The efficient designing of new polymeric struc-
tures for various applications requires the pre-
dicttion of fundamental properties which can be
used to evaluate; screen and help channelize the
synthetic route. Today, the need to develop effi-
cient, sustainable, easy to handle, effectively func-
tional and inexpensive polymeric systems for ad-
vanced applications has amplified the complexity
of the chemical structures of polymers to serve
multipurpose applications. Consequently, the de-
velopment of evaluative methods for predicting
the properties of a system under consideration has

© 2018 Bentham Science Publishers s
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Study of Kirkwood-Buff integrals of selected
polar and nonpolar amino acids in aqueous-
streptomycin sulphate solutions at 298.15 K

Y Bisht* & A K Nain"*
*Department of Chemistry, Hansraj College
University of Delhi, Delhi 110 007, India

®Department of Chemistry, Dyal Singh College
University of Delhi, New Delhi 110 003, India

Email: ak_nain@yahoo.co.in

Received 28 June 2018; revised and accepted 11 January 2019

The Kirkwood-Buff (K-B) integrals play a pivotal role in
understanding the physiochemical action of drugs on proteins. The
Kirkwood-Buff theory can be wused to characterize the
intermolecular interactions of amino acids with drug by directly
calculating Gyj, Gy and Gy, parameters which represent solute-
solute, solvent-solvent and solute-solvent interactions respectively.
The K-B integrals of nonpolar amino acids glycine, L-alanine,
L-valine, L-isoleucine and polar amino acids L-histidine and
L-arginine in aqueous-streptomycin sulphate solutions (1% and 2%
streptomycin sulphate in water, w/w) have been calculated from
experimental data of ultrasonic speed and density at 298.15 K. All
the results obtained by theoretical calculations are in good
agreement with those of experimental results.

Keywords: Kirkwood-Buff integrals, Amino acids, Streptomycin
sulphate, Apparent molar volumes, Densities, Ultrasonic
speeds

The study of thermodynamic stability of the native
structure of protein has proved to be quite challenging
and still remains a subject of extensive investigation'.
Owing to the complexities arising from direct
thermodynamic study on proteins, investigations of the
behaviour of model compound of proteins like amino
acids and peptides in aqueous and mixed aqueous
solvents make it easy to understand the factor
governing their stability””. To understand the chemistry
of biological system, it is important to study properties
of amino acids in aqueous-drug solutions’. Most of the
compounds of medicinal interest undergo a number of
complicated interactions of varied nature®®. Drug
action has been widely recognized to be the ultimate
consequence of physicochemical interactions between
the drug and functionally important biomolecules in
living organisms. Drugs when administered in the body
interact with receptor made up of protein and change

their conformation. This makes the body to respond in
a particular way. Although various clinical researches
are available to optimize the drug dose in human body,
the physiochemical study of these drugs with amino
acids are still in initial stages™®. Only few reports are
available in literature on amino acid-drug
interaction’ ',

Streptomycin sulphate is one such important drug
whose physiochemical interaction with protein is not
studied in detail yet. It is an antibiotic used to treat a
number of bacterial infections including tuberculosis,
plague, endocarditis, rat bite fever, etc. Streptomycin
binds with highly conserved structure formed by the
16S rRNA, which interacts with ribosomal protein S12.
This may lead to the destabilization of its structure
which in turn affects the binding of streptomycin with
ribosome. This makes the study of amino acid-aqueous
streptomycin even more important. In our earlier
investigations we studied solute-solute and solute-
solvent interactions of nonpolar amino acids
glycine/L-alanine/L-valine/L-isoleucine' and  polar
amino acids L-histidine/L-arginine®® with water and
aqueous-streptomycin sulphate [1% (0.0069 mol kg™)
and 2% (0.0137 mol kg™) streptomycin sulphate in
water] solvents by using physicochemical methods
using experimental density (p), ultrasonic speed () and
viscosity (77) data.

But there exists one theory which can directly assess
all three interactions, i.e., solute-solute, solute-solvent
and solvent-solvent simultaneously, known as
Kirkwood-Buff theory (K-B theory)”. Although
people have done work on the theoretical estimation of
thermodynamic properties of liquid mixtures’™ 2, there
are only few reports on theoretical estimation of
thermodynamic properties of amino acids™*. In the
present study, we have applied K-B theory to evaluate
the solute-solute, solute-solvent and solvent-solvent
interaction parameters of four nonpolar amino acids:
glycine/L-alanine/L-valine/L-isoleucine and two polar
amino acids: L-histidine/L-arginine and have studied
their interaction with aqueous-streptomycin sulphate
(1% and 2% streptomycin sulphate in water, w/w). The
experimental density and ultrasonic speed data at
298.15 K required for the calculations have been taken
from our previous studies'**’.
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Abstract

This article situates the nineteenth-century Urdu writer Nazir
Ahmad’s Chand Pand as a piece of advice literature on an
Arabic-Persian continuum, and equally a text of its time and
place. Linguistic features of its discourse show that, as a self-
conscious performance of the possibilities of Urdu, it imparts
culturally resonant ways of inhabiting a multifarious world,
and inscribes an expansive and inclusive view of culture. In
particular, the narrative organization of the focal section “A
Brief Account of the World” is strongly evocative of a
conceptual organization of the world by concentric circles that
is comparable to the view of human sociality invoked by the
tenth-eleventh century Persian ethicist Miskawayh and
illuminates the location of Nazir Ahmad’s text in the
continuum of ethics (akhlaq) literature. At the same time,
beside these signs of literary cosmopolitanism, I argue that
Nazir Ahmad’s account of the world stakes a claim for the
irreducible particularity of places and their associated textures
of life, and offers a view of the world that supports “place-
based thinking or imagination” (Dirlik) as opposed to the
potentially obfuscating abstraction of globalized “space.” =
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ABSTRACT

A substituted spirooxazine was synthesized and characterized by 'H, '*C NMR, and HR-MS spectroscopic
techniques. The open form of the spirooxazine derivative was evaluated for the detection of Fe** ions. The
colorimetric evaluation revealed that the receptor 1 is highly selective and sensitive towards Fe** detection and
displayed a turn-off fluorescence response with ferric ions through aggregation induced phenomena. No com-
petitive behavior was observed for detection of Fe>* ions by the receptor in the presence of different metal ions.
The paper based strips for 1 displayed an excellent selectivity and sensitivity (38 nm, 2.12 ppb) for Fe** ions. We
believe that the receptor 1 could be used as a Fe*>* sensor on field detection tool kit. The B3LYP and B3LYP-D3BJ
based methods were used to further investigate the stability of the different stereoisomers of merocyanine in
order to find a possible mode of binding, while TD-DFT methods were used to study the UV-Visible and fluor-
escence spectra observed for the receptor.

1. Introduction

Metal ions in trace concentrations are important to human life to
support various functions of the body [1]. Among a variety of metal
ions present in the human body, iron represents an important nutrient
and abundant heavy metal ion in the body of the humans that support
life through control over a variety of biological functions such as O,
transport and catalysis [1-3]. The deficiency of iron in the body may
cause disease such as anemia, and is a sign of gastrointestinal malig-
nancy, while the overload of iron in the body may induce cell damage,
B-thalassemia, hereditary hemochromatosis, Alzheimer's disease and
other organ dysfunction through the production of reactive oxygen
[1,3,4]. The Fe®" is the most common oxidation state of iron found in
many important biological roles in living systems [1]. In addition, the
continuing and alarming instability in the environment due to heavy
metal ion pollution require a variety of samples [1]. Although a number
of bulky and expensive instrumental techniques like inductively cou-
pled plasma atomic emission spectrometry [5], voltammetry [6,7] and
atomic absorption spectrometry [8] are available for determination,
which require masking agent or lead to the destruction of samples [1].
There is a great need to develop receptors for the recognition of metal
ions such as ferric ions to provide a promising diagnosis [9-12]. The
organic receptors provide flexibleness and are capable of producing an

= Corresponding author.
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optical response during host-guest interaction [11]. Chemically mod-
ified receptors can be attuned for promising applications in the areas of
analytics recognition and monitoring through the optical response in
the form of color or fluorescence change, which can be easily monitored
through the naked eye detection, UV-visible or fluorescence spectro-
scopic techniques [1]. Therefore, there is always a quick need for se-
lective and sensitive optical sensors for the detection of such heavy
metal ions. Although some of the receptors for Fe>* ions are reported in
the literature, which mostly include, BODIPY derivative [13], rhoda-
mine analog [14,15], benzimidazole derivatives [16], thiazole deriva-
tives [17], metal organic frameworks [18] and caged compounds [19]
more investigation surrounding multiple ion recognition needs critical
attention [20]. The optical sensors reported in the literature can also
produce either a “turn on” or “turn off” fluorescence response |[13,21]
that improves the detection limit towards the guest species.
Photochromic molecules are also utilized extensively for the de-
velopment of optical probes and ionic switches for metal ions due to the
production of intense color and fluorescence signal upon binding the
guest species [22,23]. The photochromic molecules are known to exist
in two structurally interconvertible forms that are known as spiro
(colorless) and open (merocyanine) forms. The open colored form of
photochromic molecules such as spirooxazine is highly polar, which can
attract and coordinate the ionic species after suitable substitution,

Page 1 of 3
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A rationally designed chemosensor L1 (2-(2-amino-4,5-dihydrothiazol-4-y1)-5,5-dimethylcyclohexane-1,3-dione)
is capable for the detection of biologically important Cu>* and Fe** ions. The observable change in absorbance
and emission in HEPES buffer solution and binding parameters display notable sensing ability of Cu”* and Fe>*
ions. From Job’s plot and ESI-MS spectra, 1:1 stoichiometric complexation with Cu?* and Fe** ions have been
established. The chemosensor was also utilized to develop logic gate by reversibility cycles for Fe®” ion by
EDTA. In addition, complex formation between the receptor and Cu®*/Fe®” ion was investigated by spectro-

scopically and computational studies. The cell imaging study indicated that L1 is highly efficient for the de-
tection of Fe>* ion in live cells. The simple synthetic route, multi-stimuli response, regenerative action and
solution visualization of the proposed chemosensor potentially make it as excellent sensor for real samples.

1. Introduction

Copper and iron are the most plentiful elements in human body and
play important roles in fundamental physiological processes [1]. Me-
tallic copper and iron naturally occur in soil, rock and water however,
the availability of trace amount of these elements are found in many
sea-foods, grain products, nuts, meats, seeds, wheat bran cereals etc [2].
In bio-system, copper exists in cupric (Cu?*) ion however; iron ex-
clusively exists in the ferrous (Fe>*) and ferric (Fe>") states and in-
volve in metabolic processes [3]. The cellular copper and iron are
tightly bound to enzymes and play important roles in oxygen transport
and several electron transfer processes due to the virtue of their facile
redox chemistry and high affinity for O, molecule [[4]]. Biologically
essential Cu”" and Fe®" ions also can cause serious complications in
the body due to their excess as well as deficiency from the normal
permissible limit. Overloaded Cu®* ion is potentially toxic and can
cause Wilson disease, memory loss and Alzheimer disease, Hashimoto’s
disease, pelvic inflammatory disease, hypothyroidism and premenstrual
syndrome, fibrocystic breast disease, anxiety, diarrhea, depression, bi-
polar disorder and infertility [4a,5]. On the other hand, copper defi-
ciency is responsible for Menkesdesease, hematological and neurolo-
gical disorder [6]. In case of iron, cells must carefully control iron levels
and its distribution, however, overloaded iron (hyperferremia) is re-
sponsible for cell damage, organ dysfunction and cancer through the

* Corresponding authors.

abnormal production of reactive oxygen species, hepatitis, Alzheimer’s
disease, hemochromatosis and neurodegenerative diseases [7]. Simi-
larly, iron deficiency (hypoferremia) can be harmful as iron overload
[8].

Therefore, it is urgent need for the development of facile and se-
lective methods for detection of biologically important Cu®* and Fe®*
ions in environment and in bio-system. The previous techniques for the
detection of Cu®* and Fe>* ions such as inductively coupled plasma
mass spectroscopy (ICP-MS), ion selective membrane electrode, atomic
absorption spectrometry (AAS) and voltammetry [9]. A fluorescent-
based method has provided great attention for the detection of metal
ions [10]. Synthetic chemical sensors have been developed for the de-
tection of Cu?* ion [11] and Fe** ion [12] in various solvent systems.

In this article, we describe a simple colorimetric and fluorescent
sensor L1 for the detection of Cu?* and Fe®" ions in HEPES buffer
(pH = 7.4, 10 mM) (Scheme 1). The visible color changes of L1 in so-
lution and on paper strips in presence of Cu?>* and Fe** ions can be
seen with naked eyes. The chemosensor L1 have several donor atoms
for coordination with Cu®* and Fe>" ions. These complexation were
intensively studied by spectroscopically and the computational studies.
Moreover, detection of Fe>* ion by fluorescence cell imaging experi-
ments using L929 was also discussed.
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A trichloromethyl ester devoid of suitably substituted C=C bond, any leaving group or a H-atom at the f-
position to the radical, which are otherwise known for ATRA/ATRC, 1,2-rearrangement/fragmentation or
simple 1,2-H shift respectively, in a reaction of trichloro-acetic acid phenyl ester with 2 mol equiv CuCl/
bpy in reflux DCE or benzene under inert N, condition resulted to stereoselective synthesis of Z-2,3-
dichloro-but-2-enedioic acid diphenyl ester and/or formation of reductive de-chlorination side prod-
uct. The Z-stereochemistry of the product was confirmed by X-ray diffraction spectroscopy of Z-2,3-
dichloro-but-2-enedioic acid dinaphthalen-1-yl ester which crystalizes in monoclinic system of P21/c
symmetry elements. Hirshfeld surface analysis of experimentally established structure of Z-2,3-dichloro-
but-2-enedioic acid diphenyl ester unrevealed the intermolecular interactions showing both H-bonding
and short contacts. The stereochemistry was also interpreted computationally using Density Functional
Theory at B3LYP/6-311G(d,p) level of theory. The calculated energies, energy gap and balance between
the electrostatic potential on the molecular surface were computed which revealed unusual formation of

less stable Z-isomer.

© 2019 Published by Elsevier B.V.

1. Introduction

The trichloromethyl group containing compounds are classically
known for the free radical reactions under transition metal salt and
their salts complexed with nitrogen containing ligands. The tri-
chloromethyl group containing compounds easily form free radi-
cals by homolysis of an activated C—Cl bond with the help of UV-
light, radical initiators, redox active metal salts or its complexes
[1]. The study and behaviour of dichloromethyl radical variously
substituted at the B-position generated under redox condition of
Cu(I) salts and its complexes with nitrogen based ligands were
extensively studied by Ram et al. (Scheme 1). The results revealed
that generated radicals normally undergo intermolecular addition
and/or intramolecular cyclization (Path 1) on to suitably
substituted carbon-carbon double bond, which may be free or

* Corresponding author. Department of Chemistry, National Institute of Tech-
nology, Kurukshetra, Haryana, 136119, India.
E-mail address: rktittaliitd@nitkkr.ac.in (RK. Tittal).
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hindered by bulky groups [2—5]. However, radicals substituted by
weak or strong nucleofugal groups at the B-position underwent
predominantly rearrangement (Path 2) and/or fragmentation (Path
3) through the intermediate formation of contact ion pair (CIP)
which was extensively explored and established by inter or intra-
molecular tandem nucleophilic attack followed by radical cycliza-
tion experiments [6,7]. In two extreme cases the B-position of
radical substituted by hydrogen and oxy group underwent 1,2-H
shift via intermediate formation of a copper-carbenoid species
and Z-stereoselective radical dimerization to ene-1,4-diones (Path
4) [8,9]. Based on these observations it was thought to check the
behaviour of trichloromethyl esters under this reaction condition
(Path 5).

Stereoselective-alkenes are highly appraised functional groups
used in chemical transformations for the development of phar-
maceutical products and essential building blocks of biomolecules
[10]. The stereo-chemical outcome of any alkene reaction decide
the fate of the products. Both Z & E isomers of alkene possesses
unique property, hence stereo defined alkene are much demanding.
The survey of the literature revealed that Z-alkenes are important
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