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Diastereoselective green synthesis of pyrrolo[1,2-alquinolines
via [3+2] cycloaddition reaction: insights from molecular electron
density theory
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Abstract

The [34+2] cycloaddition (32CA) reaction between cyclic azomethine ylide (generated from N-phenacylquinolinium bro-
mide) and N-arylmaleimide, leading to pyrrolo[1,2-a]quinolone, has been investigated using the Molecular Electron Density
Theory at the B3LYP/6-3114++G(d,p) computational level with D3 correction. This study focuses on the zwitter-ionic type
32CA reaction, highlighting its polar character with the electronic flux from the azomethine ylide to the alkene. The reaction
proceeds with complete endo-stereoselectivity, and the activation parameters show minimal variations in different solvents,
consistent with experimental observations. The activation energy is associated with the depopulation of the N2—-C1 and
C4-C5 bonding regions, formation of non-bonding electron density at N2 nitrogen and creation of pseudoradical centers at
C3, C4 and C5. These findings suggest that the formation of new covalent bonds does not occur at the transition states, in
line with the presence of non-covalent interactions at the interatomic bonding regions, as revealed by the topological analysis

of the Quantum Theory of Atoms-in-Molecules.

Keywords Molecular Electron Density Theory - Pyrrolo [1,2 a] quinoline - Electron localization function - Activation

energy

1 Introduction

Pyrrolo[1,2-a] quinoline derivatives are highly interesting
tricyclic nitrogen containing heterocycles consisting of a
pyrrole ring fused with the quinolone and exhibit a wide
range of applications as active pharmaceutical ingredi-
ents including anticancer, anti-microbial, antitumor, anti-
inflammatory, anti-oxidant and anti-coagulant properties
[1-6]. Moreover, they have found utility as organic materi-
als [7, 8]. Consequently, the synthesis of these compounds
has received sincere attention and several strategies have

< Haydar Mohammad-Salim
hayder.salim@uoz.edu.krd

Department of Chemistry, University of Zakho,
Zakho, Duhok, Kurdistan Region 42001, Iraq

Department of Chemistry, Durgapur Government College,
Durgapur, West Bengal 713214, India

Molecular Topology and Drug Design Research Unit,
Department of Physical Chemistry, Pharmacy Faculty,
University of Valencia, 46100 Valencia, Spain

been designed such as the copper catalyzed tandem syn-
thetic methodology [9], allene cascade reaction [10] and
the visible light mediated one- and twofold annulation of
N-arylpyrroles with arylalkynes [11]. An appealing alterna-
tive synthesis of pyrrolo[1,2-a] quinolines is through formal
[3+2] cycloaddition (32CA) reactions of quinolinium salts
[12] (Scheme 1). Quinolinium ylides on cycloaddition with
alkenes furnish pyrrolo[1,2-a] quinolines as products and
experimental studies on this synthetic strategy using ketones
and other carbonyl derivatives are well documented in the
literature [12—15]. The experimental studies on the 32CA
reactions of N-methyl azomethine ylides and alkenes have
also been extensively reported and find several applications
in the synthesis of catalysts and biologically active com-
pounds [16-18].

Since the last decade, there had been several attempts
to replace the conventional synthetic strategies with the
environmentally benign approaches, aiming to minimize
the use of hazardous chemicals [19]. Notably, Kaur et al.
[20] have reported a green synthesis of pyrrolo [1,2-a]
quinolines using water as a solvent at room temperature.
N-phenacylquinolinium bromide was used as the reagent
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Unveiling the mechanism, regiochemistry and substituent effects of the [3
+ 2] cycloaddition reactions of C, N-diaryl nitrile imine to ethylene
derivatives from the molecular electron density theory perspective

Bhaskar Mondal ?, Luis R. Domingo” ", Haydar A. Mohammad-Salim ¢, Nivedita Acharjee *"

2 Department of Chemistry, Durgapur Government College, Durgapur 713214, West Bengal, India

b Department of Organic Chemistry, University of Valencia, Dr. Moliner 50, Burjassot, 46100 Valencia, Spain

¢ Department of Chemistry, University of Zakho, Duhok 42001, Iraq

ARTICLE INFO ABSTRACT
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Electron localization function

The [3 + 2] cycloaddition (32CA) reactions of C-(4-methoxyphenyl)-N-phenyl nitrile imine (NI) with a series of
ethylene derivatives of increased electrophilic character have been studied within the framework of Molecular
Electron Density Theory (MEDT). These 32CA reactions are kinetically controlled with activation Gibbs free
energies between 14.8 and 24.0 kcal mol~2, and with the preferred regioselectivity involving the nucleophilic
attack of the carbenoid carbon of NI on the non-substituted carbon of the electrophilic ethylenes in agreement

with the experimental outcomes. The presence of electron-withdrawing substituents in the ethylene makes the
32CA reaction of forward electron density fux (FEDF) more quickly, relative to that with nucleophilic propene,
showing the highest activation parameters and non-polar character. Electron localization function (ELF) and
atom-in-molecules (AIM) topological analysis of the electron density at the transition state structures charac-
terize the non-concerted nature of these one-step ch-type 32CA reactions.

1. Introduction

Pyrazolines and pyrazoles represent one of the signifcant class of
heterocycles to exhibit wide range of biological activities, namely
anticancer, antibacterial, anti-infammatory, antidepressant, analgesic
etc[1-3]. The [3 + 2] cycloaddition (32CA) reactions of in situ generated
nitrile imines (NIs) to ethylene derivatives proposed by Huisgen[4] have
emerged as a well documented convenient approach to pyrazoline de-
rivatives[5]. For instance, 2-methyl-5-phenyltetrazole 1 undergoes
elimination of nitrogen on heating to generate C-phenyl-N-methyl nitrile
imine 2 which upon 32CA reaction with trans stilbene 3 affords the
pyrazoline derivative 4 (Scheme 1).

The reactivity of Nls is infuenced by electronic effects and conse-
guently change in the substitution of the ethylene counterpart is ex-
pected to induce appreciable differences in the corresponding 32CA
reactions and the theoretical implications are worth investigating in
terms of density functional theory (DFT) calculations. Within the Mo-
lecular Electron Density Theory (MEDT) proposed by Domingo in 2016,
[6,7] a reasonable correlation between the electronic structure and the
molecular reactivity of three-atom-components (TACs) participating in

* Corresponding authors.

32CA reactions has been established.[8] Depending on its electronic
structure, the TACs have been classifed in pseudodiradical[9] (pdr),
pseudo(mono)radical[10] (pmr), carbenoid[11] (cb) and zwitterionic[12]
(zw), with the reactivity order pdr type > pmr type ~ cb type > zw type. For
the simplest NI, Rios-Gutiérrez et al.[11] proposed two dissimilar elec-
tronic structures, namely the ground state (GS) allenic structure 5a with
cb-type reactivity, and the propargylic structure 5p, which is a transition
state structure (TS) between two stereoisomeric allenic structures
(Scheme 2).

The reactivity of simplest NI in the 32CA reactions towards ethylene
and electrophilic dicyanoethylene was studied by Rios-Gutiérrez and
Domingo in 2019[11], while in the same year, Domingo et al studied the
reaction mechanism of the 32CA reaction between diphenyl nitrile
imine and methyl 1-methyl-allenoate[13]. The difference in chemical
reactivity of diphenyl nitrile imine and phenyl nitrile oxide in the 32CA
reactions with (R)-carvone has also been recently investigated[14].

In 2007, Wang and coworkers reported experimental ¥ndings for the
mild photoactivated 32CA reactions of 2,5-disubstituted tetrazole 6 with
ethylene derivatives to generate highly functionalized pyrazolines[15].
These 32CA reactions involved in situ generation of non-symmetric C-(4-

E-mail addresses: domingo@utopia.uv.es (L.R. Domingo), nivchem@gmail.com (N. Acharjee).
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Unveiling the mechanism, selectivity, solvent and temperature effects
on the [3 + 2] cycloaddition reaction of N-methyl-C-(2-furyl) nitrone
with maleimide derivatives from the molecular electron density
theory perspective
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Abstract

The [3 +2] cycloaddition (32CA) reactions of N-methyl-C-(2-furyl) nitrone with maleimide derivatives have been studied
in gas phase, ethanol and acetonitrile within the Molecular Electron Density Theory (MEDT) framework at the B3LYP-
D3/6-31G(d) level. Topological analysis allows classifying the nitrone as a zwitterionic (zw-) three-atom component (TAC)
associated with high energy barrier. Interestingly, the global electron density transfer (GEDT) between 0.10 and 0.13 e
predicts low polar character of forward electron density transfer (FEDF) type with the electronic flux from the nitrone to the
maleimides, resulting in decreased activation parameters relative to that of the nitrone cycloadditions with simple alkenes.
These 32CA reactions follow a one-step mechanism under kinetic control with highly asynchronous bond formation, and no
new covalent bonds are formed at the TSs. The predicted exo-selectivity agrees well with the experimental findings. Inclusion
of solvent effects increases the activation energy, in particular along the endo pathway. The activation enthalpies are between
5.58 and 7.68 kcal/mol in gas phase and between 6.61 and 11.10 kcal/mol in ethanol and acetonitrile. Also, the influence
of temperature was investigated at 289.15 K, 298.15 K and 393.15 K. Non-covalent interactions (NCIs) were identified at
the interactions regions of the TSs from the topological analysis of the AIM (atoms-in-molecules) and characterized using
Independent Gradient Model (IGM) analysis.

Keywords N-methyl-C-(2-furyl) nitrone - Maleimides - DFT - B3LYP-D3 - Cycloaddition reaction - MEDT - ELF

1 Introduction

P4 Nivedita Acharjee

nivchem@gmail.com The [3 +2] cycloaddition (32CA) reactions of nitrones have
>4 Majdi Hochlaf received significant attention owing to their wide range of
majdi.hochlaf @univ-eiffel fr applications in chemical synthesis and medicinal chemistry
D4 Khalid Abbiche [1]. A vast array of five membered heterocycles can be pro-
k.abbiche @uiz.ac.ma duced from nitrone cycloadditions such as the isoxazolidines
I Applied Physical Chemistry Laboratory, Faculty of Sciences, [2], from nitrone ole.ﬁn. 32CA refictions. I.soxazolidines serve
Tbn Zohr University, B. P. 8106 Cité Dakhla, Agadir, as valuable synthetic intermediates owing to the presence
Morocco of a labile N-O bond [3]. Besides, isoxazolidine derivatives
2 Analysis, Modeling, Engineering, Natural Substances exhibit diverse pharmacological activities, namely antibac-
and Environment Laboratory, Polydisciplinary Faculty terial, anticonvulsant, antifungal, antiviral, antitumor [2]
of Taroudant, Ibn Zohr University, Hay EI Mohammadi, etc. Consequently, numerous synthetic strategies [4] have
B. P. 271, 83000 Taroudant, Morocco been employed to optimize the selectivity, solvent, cata-
?  Department of Chemistry, Durgapur Government College, lytic, temperature and substituent effects and consequently
Durgapur, Paschim Bardhaman, West Bengal 713214, India reach at reasonable yields of the targeted isoxazolidine com-
* Université Gustave Eiffel, COSYS/LISIS, 5 Bd Descartes, pounds. Within such 32CA reactions, the choice of the olefin

77454 Champs Sur Marne, France
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1 | INTRODUCTION

Spiro heterocyclic derivatives find interesting applica-
tions in medicinal chemistry owing to their unique

Luis R. Domingo*? |

Nivedita Acharjee’

Abstract

The influence of ethylene substitution and the tether length between the two
reacting counterparts on the selectivity and reactivity of the intramolecular [3

+ 2] cycloaddition (IM32CA) reactions of cyclic nitrones leading to tricyclic
isoxazolidines have been studied within the Molecular Electron Density theory
at the MPWBI1K/6-311G(d,p) computational level. These zw-type IM32CA
reactions follow one-step mechanism, and the activation barrier decreases with
the introduction of electron withdrawing (EW) substituent at the alkene moi-
ety in both the intramolecular and intermolecular versions. The IM32CA reac-
tions involving unsubstituted alkene have non-polar character with minimal
electron density flux classified as null electron density flux type, while that
involving the EW nitro substituted ethylene is more facile with a strong elec-
tron density flux from the nitrone to the ethylene moiety, classified as forward
electron density flux type. The increase in the polar character of the IM32CA
reaction decreases the activation Gibbs free energies associated with these
intramolecular processes, while the highly polar IM32CA reactions are disfa-
vored with respect to the intermolecular ones. Interestingly, the preferred
regioselectivity observed in low polar IM32CA reactions having three methy-
lene units between the nitrone and ethylene frameworks is reversed to that in
nitrones separated with four methylene units, in conformity with the experi-
mental outcome. Finally, electron localization function and quantum theory of
atoms-in-molecules studies reveal that, in general, these IM32CA reactions
involve early transition state structures in which the formation of new C-C
and C-O single bonds have not yet started.

KEYWORDS

conceptual DFT, electron localization function, intramolecular [3 + 2] cycloaddition
reactions, molecular electron density theory, regioselectivity, transition state structures

conformational features and structural implications
resulting in diversified biological and pharmacological
properties." Among the vast array of spiro hereocycles,
the spirocyclic amines have received sincere synthetic

J Phys Org Chem. 2023;e4574.
https://doi.org/10.1002/poc.4574

wileyonlinelibrary.com/journal/poc © 2023 John Wiley & Sons Ltd. | 10f13
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Unveiling the Mg(i) promoted [3+2] cycloaddition
reaction of mesitonitrile oxide to Baylis—Hilman
adduct from the molecular electron density
theory perspectiveft
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Cite this: New J. Chem., 2023,
47, 2495

*@ and Nivedita Acharjee  °

Luis R. Domingo
The Grignard reagent promoted [3+2] cycloaddition (32CA) reaction of mesitonitrile oxide (MNO) with
Baylis—Hilman adduct (BHA) has been studied within the Molecular Electron Density Theory (MEDT) at
the ®B97X-D/6-311G(d,p) computational level. Topological analysis of the Electron Localization Function
(ELF) allows classifying MNO as a zwitterionic three-atom-component (TAC), participating in zw-type
32CA reactions. In spite of the strong nucleophilic character of MNO, the low electrophilic character of
BHA and the BHA:Mg(i) complex make the corresponding 32CA reactions to have a very low polar
character, respectively. The reaction presents total ortho regioselectivity to afford 2-isoxazolines, while
the diastereoselectivity is reversed in the Mg(i)-promoted 32CA reaction relative to that in the absence
of the Mg(i) cation, in complete agreement with the experiments. The preferred transition state
structure (TS) associated with the Mg(i)-promoted process shows complexation of the magnesium atom
with the oxygens of MNO and BHA (hydroxyl oxygen), with the corresponding critical points (CPs)

Received 4th November 2022, showing non-covalent interactions (NCIs) in the AIM-RDG isosurfaces. This MEDT study provides a

Accepted 29th December 2022 complete comprehension of the role of the Grignard reagent in the zw-type 32CA reactions of nitrile oxides
with Baylis—Hilman adduct; although formation of the BHA:Mg() complex slightly accelerates the 32CA
reaction to decrease the activation Gibbs free energy by 3.1 kcal mol™, the more remarkable role of the

Mg(i) cation is the change of the diastereoselectivity of these 32CA reactions involving a chiral ethylene.

DOI: 10.1039/d2nj05424h

rsc.li/njc

isoxazolines, while a regioisomeric mixture is obtained with the
1,2-substituted internal alkenes.> 32CA reactions of nitrile
oxides with the terminal alkenes bearing a chiral centre show
poor stereocontrol. Kanemasha and coworkers® performed

1. Introduction

2

The [3+2] cycloaddition (32CA) reactions™” of nitrile oxides

offer broad synthetic potential to afford 2-isoxazoline adducts

that can be transformed to B-hydroxyketones or y-amino alco-
hols by reductive cleavage.® Terminal alkenes generally add to
nitrile oxides with total regiocontrol leading to 5-substituted

“ Department of Organic Chemistry, University of Valencia, Dr Moliner 50,
Burjassot, E-46100 Valencia, Spain. E-mail: luisrdomingo@gmail.com
b Department of Chemistry, Durgapur Government College, J. N. Avenue, Durgapur,
West Bengal 713214, India
t Electronic supplementary information (ESI) available: Figure with the ®B97X-D/
6-311G(d,p) optimized geometries of MC-Mg. Table with the ®B97X-D/6-311G(d,p)
total electronic energies, in the gas phase and toluene, of the stationary points
involved in the zw-type 32CA reaction of MNO 9 with BHA 10. Table with the
®B97X-D/6-311G(d,p) enthalpies, entropies, and Gibbs free energies of the
stationary points involved in the zw-type 32CA reaction of MNO 9 with BHA 10.
Table with the ®B97X-D/6-311G(d,p) total electronic energies, in the gas phase
and DCM, of the stationary points involved in the Mg(u)-promoted zw-type 32CA
reaction of MNO 9 with BHA 10. Table with the ®B97X-D/6-311G(d,p) enthalpies,
entropies, and Gibbs free energies of the stationary points involved in the Mg(u)-
promoted zw-type 32CA reaction of MNO 9 with BHA 10. See DOI: https://doi.org/
10.1039/d2nj05424h

This journal is € The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2023

32CA reaction of benzonitrile oxide (BNO) 1 with the o,f
unsaturated ketone 2 in presence of Lewis acid (LA) catalysts,
while the reaction presented no improvement in stereo-
selectivity relative to the non-catalysed version owing to the
deactivation caused by the formation of unreactive nitrile
oxide-LA complex (Scheme 1).

In 1994, Kanemasha et al* reported the first successful
metal catalyzed nitrile oxide 32CA reactions with appreciable
regio- and stereochemical control, and acceleration in the
reaction rate relative to the non-catalyzed version (Scheme 2).
In these 32CA reactions, Grignard reagent (EtMgBr) in dichlor-
omethane (DCM) was used to form the BNO:EtMgBr complex 3,
which was then subjected to addition with the electron rich
alkene 1-penten-3-ol 6 and afforded syn isomer 7 [5-I-
hydroxypropyl)-3-phenyl-2-isoxazoline] with 95% stereoselectivity.

Subsequently, in 1999, Krygowski and coworkers® reported
the reversal of stereoselectivity in MeMgBr catalyzed 32CA
reaction of mesitonitrile oxide (MNO) 9 with Baylis-Hilman

New J. Chem., 2023, 47, 24952506 | 2495
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ARTICLE INFO ABSTRACT

Keywords:

Molecular Electron Density Theory
Electron Localization Function
Benzonitrile Oxide

Methylene hydantoins

The [3 + 2] cycloaddition (32CA) reaction of benzonitrile oxide BNO with 5-methylenehydantoin (MH) has been
studied with the MEDT perspective at the DFT/B3LYP/6-31 + g(d,p) level of theory. Topological analysis of the
ELF shows zwitterionic character of this 32CA reaction and the non-polar character is revealed form the global
electron density transfer (GEDT) calculations at the TSs, consistent with the calculated high relative free energies
between 27.6 and 39.1 kcal mol™. The energetically predicted regioselectivity and atropisomerism induced

facial selectivity towards anti isomer is in complete agreement with the experimental outcome. The activation
energy in this 32CA reaction is associated with the creation of non-bonding electron density at N2 nitrogen and
pseudoradical center at C3 and the formation of new C—C and C—O covalent bonds were not observed at the TSs
which was in conformity with the calculated total electron density and the positive Laplacian of electron density
at the bond critical points observed at the interatomic bonding regions of the TSs.

1. Introduction

Atropisomerism represents a type of axial chirality representing
restricted bond rotation due to the presence of sterically hindered sub-
stituents around a single sigma bond. Several interesting applications of
atropisomerism have been reported in medicinal chemistry especially
for drug discovery [1]. The C—N stereogenic axis induced atropiso-
merism shares a unique place in pharmaceuticals and in asymmetric
catalysis [2-5], and the stereoselective construction of C—N atro-
pisomers are well documented in literature [6]. Atropisomerism induced
facial selectivity serves as a versatile strategy to introduce three
dimensional arrangement in small molecules through spiro linkages.
The [3 + 2] cycloaddition (32CA) reaction of nitrile oxides with
exocyclic methylene compounds can be performed for the construction
of such spiroheterocycles [7-11]. In 2012, Harding and Savage reported
the 32CA reactions of benzonitrile oxide BNO 1 with 4-methylene-2-

oxazolidinones 2, to generate 5-spiro isoxazoline adducts 3 in which
the facial selectivity was induced by N-aryl atropisomerism leading to
the anti isomer as the major product [12] (Scheme 1). The atropiso-
merism induced facial selectivity in 32CA reactions of BNO 1 with
exocyclic methylene benzosultams have also been reported [13].

In 2011, Said and Savage reported the atropisomerism induced facial
selectivity in 32CA reactions of BNO 1 with 5-methylenehydantoin MH
4 [14] affording the anti isomer 5 as the major product (Scheme 2).
These reactions serve as the synthetic pathway to access spirohydantoin
derivatives which have wide spectrum of applications in pharmaceutical
industries [15,16].

With the advent of advance software applications, the theoretical
implications of chemical reactions can be analyzed precisely in terms of
the density functional theory [17] (DFT) calculations. The molecular
electron density theory (MEDT) [18] proposed by Domingo in 2016
analyzes the electron density changes along the reaction path and

* Corresponding author at: Molecular Modeling and Spectroscopy Research Team, Department of Chemistry, Faculty of Sciences, Chouaib Doukkali University, El

Jadida, Morocco.
E-mail address: salah.m@ucd.ac.ma (M. Salah).

https://doi.org/10.1016/j.comptc.2023.114243
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abstract

An adamantane-thione derivative, 3-(adamantan-1-yl)-4-(4-fluorophenyl)-1-[(4-phenylpiperazin-1-
yl)methyl]-4,5-dihdyro-1H-1,2 4-triazole—5-thione (ATT) is investigated experimentally and theoretically
to predict its various chemical and electronic properties. The solvation energies are predicted in acetone,
DMSO, ethanol and water and acetone is a better solvent due to high value of solvation energy. When
compared to the gas phase, the chemical descriptors of ATT decreased in the solution phase. The
adamantane cage breathing mode is assigned at 785 (theoretical) and 784 cm™! (IR). Topological study
of the atom in molecules (AIM) shows the ring critical points corresponding to the phenyl, pyrazine,
triazole and 4-fluorophenyl rings.From molecular dynamics (MD) simulations, solvent accessible surface
area (SASA) values are from 656 to 736 and 289 to 294 (AZ) for unbound and bound structures.

Adamantane

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Adamantane is symmetrical polycyclic cage molecule with ex-
ceptional properties, similar to diamondoids-hydrogen-terminated
hydrocarbons [1]. The adamantane is commonly incorporated into
active medicines to boost the pharmacological effects. The stiff
adamantane cage helps neighboring groups from metabolic cleav-
age, thus improved the drug’s stability [2]. Furthermore, the
adamantly moiety can function as a suitable fit for various host
molecules or operate as a blocking agent for ion channels be-
cause to its size and bulkiness [3]. The stability and solubil-
ity of cage-type adamantanes are all outstanding [4]. Hydrogen
on adamantane’s carbons had high activity and can make bonds
with atoms of strong electronegative charge [5]. Adamantane-
substituted acridine are used in organic light emitting diodes [6].
Many drugs with piperazine skeleton have important pharmaco-
logical properties [7]. Synthesis and antinociceptive properties of

Corresponding author.
E-mail addresses: jamelah2019@rediffmail.com, jsalotabi@pnu.edu.sa (J.S. Al-
Otaibi).

https://doi.org/10.1016/j.molstruc.2022.134418
0022-2860/© 2022 Elsevier B.V. All rights reserved.

certain thiazole-piperazine compounds are reported [8]. Amoxap-
ine, trazodone, hydroxyzine, buspirone, clozapine, aripiprazole and
vortioexetine are all CNS-related medications that have the piper-
azine molecule [9,10]. Prine linked piperazines are inhibitors of tu-
berculosis. [11]. Multi target piperazines has been synthesized and
biologically evaluated as possible antipsychotics [12]. Triazoles are
a class of heterocycles with different biological activities [13,14].
As therapeutic candidates, a growing number of triazole based
molecules are being developed [15]. Al-Alshaikh et al. reported
crystal structure of ATT [16] and due to the various biological activ-
ities of ATT, we reported the spectroscopic, reactivity analysis and
MD simulations in detail.

2. Methods

ATT is synthesized as reported [16,17] and spectra (Figs.S1 and
S2) were recorded on a DR/Jasco FT-IR and Bruker RFS spectrome-
ters. Frontier molecular orbitals (FMOs), molecular electrostatic po-
tential (MEP) and solvation free energies of ATT (Fig. 1) were eval-
uated using Gaussian 09 and Gaussview 5 via wB97XD/6-311+G
[18,19]. There are no imaginary frequencies that correlate to lo-
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A detailed theoretical study was implemented on 2-amino-1,7-dihydropurin-6-one’s (ADO). Density func-
tional theory (DFT) and time-dependent density functional theory (TD-DFT) simulations were accom-
plished to explain the adsorption performance of the ADO drug molecule on metal nanocages. Adsorption
energy og ADO was calculated to be -53.90, -50.67 and -63.56 kcal/mol for Ag, Au and Cu cages, respec-
tively. ADO interacts with Ag/Cu through the N5, N, and Ng atoms with a perpendicular orientation and

Keywords: Au-ADO, the interaction is through O, N3_Hj3 and NH, groups with a perpendicular orientation. Reactivity
DFT computations were used to find the electron density in NMC-containing ADO complexes. The intermolec-
SERS ular interaction forces were found by the establishment of numerous bond critical point, monitored by

Metal nanocages
Reactivity analysis
Solvent effects

ring critical points at the midpoint of interaction state. The ADO molecule will also be examined as part
of the computational study to ascertain its bioactivity and docking studies. We can get accurate estimates
of the atomic contact energies for drug delivery using the docking process.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction

Researchers have focused on developing cancer treatments and
boosting the bioactivity of currently available anticancer drugs in
response to the rapidly rising incidence of cancers worldwide. In
order to produce better and more e cient treatments, more re-
search is required in the subject of cancer. The three most common
methods for treating or slowing the spread of cancer are surgery,
chemotherapy and radiotherapy [1]. The goal of recent research is
to kill cancer cells without harming healthy cells. Through the use
of nanoparticles, a variety of drugs are delivered to the body us-
ing biocompatible polymers, liposomes and gold nanocages [2,3].
Cancer especially breast cancer, which is the most common type
in women and causes thousands of women to die each year, is one
of the major health problems facing the world. Studies on clinical
characteristics, phases and age distribution of this tumor are lack-
ing, but many analytical techniques have been developed to track
the effectiveness of the cancer drug [4]. The wide-ranging scientific

Corresponding author.
E-mail addresses: jamelah2019@rediffmail.com, jsalotabi@pnu.edu.sa
(1.S. Al-Otaibi).

https://doi.org/10.1016/j.molstruc.2023.135541
0022-2860/© 2023 Elsevier B.V. All rights reserved.

and technological ramifications of the interaction between met-
als and nucleobases have made it a subject of great interest. We
thoroughly investigated the ground-state electrical characteristics
of the guanine nucleobase interacting with metal clusters using
a combination of DFT simulations. The investigation of how bio-
logical systems, and in particular nucleic acids, interact with met-
als had to wait until more thorough basis sets were created that
could accurately anticipate the well-established experimental data
[5]. The structural levels of DNA polymer structure range from pri-
mary to quaternary. The alignment and attachment order of nucle-
obases are re-described at the fundamental level [6]. If a molecule
with superior qualities to DNA existed, evolution most likely would
have chosen it for the critical job of storing and encoding informa-
tion of earth’s living organisms. Despite the society’s and the re-
searcher’s best efforts, there are still unanswered questions regard-
ing, among other things, self-recognition and assembly, hybridiza-
tion, reproduction and interaction. Since the discovery of the struc-
ture of these molecules, the adsorption of metal-DNA has been a
subject of utmost concern [7]. The inclusion of metals is crucial for
the stability of long strands in solution because the phosphodiester
backbone is charged [8,9]. It has been demonstrated experimen-
tally that the DNA duplex is more stable at high salt concentrations
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ABSTRACT ARTICLE HISTORY
Important biological compounds, namely, methyl 3-amino-4-(4-bromophe- Received 22 August 2022
nyl)thiophene-2-carboxylate (BPTC) and methyl 3-amino-4-(4-chlorophe-  Accepted 14 January 2023
nyl)thiophene-2-carboxylate (CPTC), were characterized using
complementary techniques of Fourier transform infrared (FT-IR), Raman
spectroscopy. Nuclear magnetic resonance spectroscopy (NMR) confirmed DET calculations: ELF:
the structural features, while Ultra Violet-Visible Spectroscopy was used to chemical reactivity; ’
investigate the electronic properties of both compounds. The quantum molecular docking;
chemical calculations for both compounds were performed using the molecular dynamics
DFT/B3LYP functional with the 6-311ppG(d,p) basis set. This study com- simulations

putes electrostatic potential observation, electron localization function

(ELF) assessment, and atoms-in-molecules (AIM) analysis. In the present

investigation, the global hardness, chemical softness, electrophilicity, nucle-

ophilicity indices, and dipole moment of both compounds were calculated.

In addition, a molecular docking analysis was conducted to determine the

binding potential of target molecules with protein tyrosine phosphatase. A

200-ns molecular dynamics (MDs) simulation had been performed to assess

the compound’s binding stability.

KEYWORDS
Vibrational spectroscopy;

1. Introduction

Sulfur is a chemical element that is present in practically all natural products, pharmaceuticals,
precious products, and living things, making it strongly connected with many areas of human
life.~ Owing to the accessibility of non-bonding pairs of electrons and the disparity in electro-
negativity, sulfur heterocycles have received attention for their crucial roles in the creation of
medications. One of the most significant categories of heterocyclic compounds that are frequently
used in the analysis of cyclic molecular structures is those that include sulfur.> There are several
sulfur-containing scaffolds in diverse natural substances and pharmaceuticals that act as physiolo-
gically active molecules in a variety of pathophysiological circumstances. It's also been observed
to have a mild cytotoxic activity and a high therapeutic property when compared to sulfur and
nitrogen heterocycles, which dominated pharmaceutical research studies.® Biologically active
substances and natural products are the main sources of thiophene, a simple five-membered

CONTACT G. Venkatesh @ venkateshindhuja@gmail.com @ Department of Chemistry, MMCAS, Rasipuram 637408, India
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/10406638.2023.2172052
2023 Taylor & Francis Group, LLC
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ARTICLE INFO ABSTRACT

Keywords: A detailed vibrational analysis of fupentixol dihydrochloride (FDC) is performed by Density Functional Theory
Flupentixol (DFT) calculations. Wavefunction reactivity properties and Atoms In Molecules (AIM) analysis are also per-
DFT . formed. There is enormous O1-Hig...Cl1, N1-Hia...Cly and Cg-Hga...F3g intermolecular hydrogen bonding in FDC.
sgﬂs?;ﬂ?::;ns Electrons were resonated on the aromatic rings without any interference with aliphatic moiety of both highest
Docking occupied molecular orbital (HOMO) and in least unoccupied molecular orbital (LUMO) which is due to partic-

ipation of fuorine atom intermolecular hydrogen bonding with adjacent C-H. The electron localization function
(ELF) shows under populated N-C single bonds of ring A owing to the strong electron withdrawing effect of
nitrogen atoms. SARS-CoV-2 main protease with FDC had energy —80 kcal/mol. With the help of molecular
dynamics (MD), radial distribution functions (RDF) are calculated to identify the most critical interaction with

water molecules.

1. Introduction

Tricyclic aromatic ketones have been used as starting materials for
the production of trycyclic medicines, as well as causing overcrowding
in bistricyclic enes [1]. Thioxanthene and numerous of its derivatives
have been found to have biologically benefcial properties [2]. However,
early clinical trials have revealed that several of the most promising
therapeutic candidates derived from this family of chemical have
negative hazardous characteristics [3]. In the photo polymerization of
ethylene derivatives, various thioxanthone derivatives are utilized as
activators or sensitizers [4]. Substituted thioxanthones are employed as
radical sources as stabilizers for polyolefns [5]. This family of com-
pounds has been used in a variety of industrial operations. Flupentixol is
a thioxanthene derivative with antipsychotic characteristics that is
commonly used for diseases with anxiety as a symptom [6]. Flupentixol
is a medicine that is commonly administered in India due to the rise in

* Corresponding author.
E-mail address: jamelah2019@rediffmail.com (J. S.Al-Otaibi).

https://doi.org/10.1016/j.molliq.2023.123177

psychiatric disorder. As a result, it is frequently detected in waste water,
necessitating a good removal technique [7]. Phenothiazine and similar
structures are used to treat psychotic diseases all over the world [8].
Many phenothiazine compounds have powerful antiemetic, antihista-
minic or anti-cholinergic properties [9]. Several medications have been
observed to interact with phenothiazine antipsychotic medicines
[10,11]. They enhance the effect analgesics, anti-histaminics and cold
treatments that have been prescribed. Low dose neuroleptics are
increasingly being used to treat anxiety and depression [12]. Balasu-
bramani et al., reported removal of fupentixol using graphene oxide
[13]. Studies of drug interaction between levocetirizine are reported
[14]. El-Zahry and Lendl reported the kinetic study of ofoxacin using
SERS [15]. Raghav et al., reported interactions of trifuoperazine with
serum albumin using multi spectroscopic methods [16]. Spectroscopic
studies of thioxanthens are reported [17,18]. The piperazine ring plays a
larger role in drug development, with a higher number of favourable hit

Received 23 April 2023; Received in revised form 27 July 2023; Accepted 24 September 2023
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MEMORANDUM OF UNDERSTANDING
: BETWEEN
DWMUR GOVERNMENT COLLEGE, a reputed academic higher education

institution (Government Degree College). established in 1969, located at Jawaharlal Nehru
Avengie, Durgapur, Paschim Bardhaman, West Bengal, India, Pin 713214
as the FIRST PARTY;

B AND
'- MOYNA COLLEGE, a reputed academic higher education institution (Government
ARled General Degree College) established in 1972, located at Vill-Anandapur, P.O.+

P.S.-Moyna, Dist-Purba Medinipur, West Bengal, India, Pin-721629
as the SECOND PARTY;
Both the parties herein have noted the importance the value of cooperation and have agreed to enter
into this Memorandum of Understanding (MoU) regarding academic collaboration. The purpose
of this non-binding MoU is to make possible academic and cultural exchange between both the

partiés based on the principles of mutual equality and the reciprocity of benefits. NOW THIS

MEIvé}ORANDUM OF UNDERSTANDING is agreed by and between both the colleges hereto as
follo@ys:

1. Objectives, Scope, and Major Activities
Bottﬁinstitutions agree to encourage the development of the following types of activities:
L

Visits and formal exchanges of faculty, students, scholars and administrators in specific
E areas of education, research and outreach.

Cooperate in Under Graduate & Post Graduate education and training through library as
well as laboratory resources.

vz.

11

\Ne

i Organize joint conferences, webinar, symposia, or other scientific meetings on subjects of
mutual interest.
g Continued to Page-2
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* Exchange of academic information and materials.

* Pursue avenues for under graduate and post graduate student exchange during the academic
year.

* Explore the possibilities for developing joint research programs and collaborations.

2 Responsibilities of the Institutions
The two institutions identify that the execution of any agreed upon activity will depend upon the

interests and expertise of the individuals involved and the availability of financial resources, space and
other resources. Accordingly, the function ing of any exchange and cooperative programs based on this
MoU shall be conferred and determined between the two institutions. It is further expected that both
the institutions will be compliant with all applicable legislations of Government of India and State and
University policies.

% Duration and Option to Amend, Extend or Terminate
This MoU will become effective when signed by authorities of both institutions. The agreement will

remain in effect for two years from the date of si gnature given below, and may be renewed or amended
by mutual agreement of the institutions. The institutions should agree to periodically review the
activities undertaken and the progress made and to consult concerning amendments, renewal or
termination of this MoU. Either authority may terminate this MoU at any time by providing written
notice prior to three months before such termination to the other authority.

4. General Terms
This MoU is not intended to, and does not create any right, benefit, or trust responsibility, substantive

or procedural, enforceable by law or equity, by either party, its officers, employees, or agents against
the other party, its officers, employees, or agents. Nothing in this MoU obligates either party to commit
or transfer any funds, assets, or other resources in support of projects or activities between the two
parties. Neither party will use the name of the other, either expressly or by implication, in any
publicity, solicitation or advertisement without the express written approval of the other party to this
MoU.

5 Signatures

This MoU shall enter into force on the date of the signing by qualified representatives of both
institutions.

IN WITNESS WHEREOF the duly authorized signatories have set their hands and affix their
signatures and seals on this the 2| day of Felb.,2024.

Signed by 1 Party Signed by 2" Party

Lk Ao
\,M‘l '%?‘:"‘1]\ v | !

g
Dr. nath Palit Dr. Dilip Kumar Panda

Principal Principal
Durgapur Government College Moyna College . .
Pridrinal @,,S }o“._,-'.ﬁ.-.' LLEGE
Duraa "J ollege Aﬁh‘\o\{ N;:ﬁi:?‘;edmip\lf
e ' Moynds
Mi’h)’f[ AZ‘?M nQ
Signature of Witness: Signature of Witness:
: ' T ANNA
. Dp.ngDlTA Ar_HAR?E& Name: "(9’? ﬁ,:: ;pr ﬁ-,f}-z«c-r £
Desig.na!ion : Aun‘s“ﬂml' :P-u' . éV\_ CLCM"LZ] DGSignation: T 41-_ - Cea- (!'}-rtn' rod ey
Mies - Dept 7 Chemsbey AU epr. Beramy
%o“ @ H""f“" (MM&L )

:D.ﬁa\-m Grevt. ‘
T A Nyene e Dot .. £ Co-ordinator, IQAC

Moyna, Purba Medinipur
\/\]'ES l— Bepaqkj P“ﬂ CGJ!‘
733214



Phone: 03228-260247
Mobile: 9609102836

Email ID: moynacollegel4@gmail.com
Website: www.moynacollege.ac.in

MOYNA COLLEGE

NAAC Accredited

(ot for ezoelianco [Affiliated to Vidyasagar University]|
Moyna :: Purba Medinipur :: Pin-721629 ::West Bengal :: India

Ref No.- Date: 23/12/2023

CERTIFICATE OF APPRECIATION

This is to certify that Dr. Prosanta Saha, Assistant Professor W.B.ES.

Department of Botany, Durgapur Govt. College, Durgapur, West Bengal
participated as a distinguished guest speaker in the State Level Seminar on
“Genetic Engineering approaches for Crop Improvement” held at Moyna
College on December 23, 2023.

Dr. Saha’s insightful contribution and expertise greatly enriched the seminar,

leaving a lasting impact on all attendees.

Thanking you

Yours faithfully

Gt

Dr. Dilip Kumar Panda
Principal
&S  Principal

MOYNA COLLEGE
Moyna, Purba Medinipur
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§ MEMORANDUM OF UNDERSTANDING
; BETWEEN

BANKURA CHRISTIAN COLLEGE, a reputed academic higher education institution,
established in 1903, located at College Road, Bankura, PIN - 722101, West Bengal, India as
the FIRST PARTY;

H AND
Durgapur Government College, a reputed academic higher education institution,
csta’lished in 1969, located at Jawaharlal Nehru Avenue, Durgapur, Paschim Bardhaman,
Wcsﬁt Bengal, India, Pin 713214 as the SECOND PARTY;

Both the parties herein have noted the importance the value of cooperation and have agreed
to efiter into this Memorandum of Understanding (MoU) regarding academic collaboration,
The purpose of this non-binding MoU is to make possible academic and cultural exchange
between both the parties based on the principles of mutual equality and the reciprocity of
benefits. NOW THIS MEMORANDUM OF UNDERSTANDING is agreed by and between
botlf the colleges hereto as follows:

1. Objectives, Scope, and Major Activities

Both institutions agree to encourage the development of the following types of activities:

& Visits and formal exchanges of facuity, scholars and administrators in specific
& areas of education, research and outreach.
Cooperate in Under Graduate & Post Graduate education and training through
, library as well as laboratory resources.
a Organize joint conferences, webinar, svmposia, or other scientific meetings on
subjects of mutual interest.
E Continued to Page-2
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e Exchange of academic information and materials.
Pursue avenues for under graduate and post graduate student exchange during the
academic year.

e Explore the possibilities for developing joint research programs and collaborations.

2. Responsibilities of the Institutions

The two institutions identify that the execution of any agreed upon activity will depend upon
the interests and expertise of the individuals involved and the availability of financial
resources, space and other resources. Accordingly, the functioning of any exchange and
cooperative programs based on this MoU shall be conferred and determined between the two
institutions. It is further expected that both the institutions will be compliant with all
applicable legislations of Government of India and State and University policies.

3. Duration and Option to Amend, Extend or Terminate
This MoU will become effective when signed by authorities of both institutions. The

agreement will remain in effect for five years from the date of signature given below, and
may be renewed or amended by mutual agreement of the institutions. The institutions should
agree to periodically review the activities undertaken and the progress made and to consult
concerning amendments, renewal or termination of this MoU. Either authority may terminate
this MoU at any time by providing written notice prior to three months before such
termination to the other authority.

4. General Terms
This MoU is not intended to, and does not create any right, benefit, or trust responsibility,

substantive or procedural, enforceable by law or equity, by either party, its officers,
employees, or agents against the other party, its officers, employees, or agents. Nothing in
this MoU obligates either party to commit or transfer any funds, assets, or other resources in
support of projects or activities between the two parties. Neither party will use the name of
the other, either expressly or by implication, in any publicity, solicitation or advertisement
without the express written approval of the other party to this MoU.

5. Signatures

This MoU shall enter into force on the date of the signing by qualified representatives of
both institutions.

IN WITNESS WHEREOF the duly authorized signatories have set their hands and affix
their signatures and seals on this the 12 day of October, 2023.

Signed by 1% Party Signed by 2" Party
Dr Fatik Baran Manéal Dr%t
Principal Principal
Bankura Christian College Durgapur Government College
Principal

Bankura Christian College

Signature of Witness : I g/} & Signature of Witness : W
: Dr Atanu Ghosh Name: Dr Subrata Ghosh

Name
Designation : Coordinator, IQAC Designation : Coordinator, IQAC
Address : Bankura Christian College Address: Durgapur Government College |
Co-ordinator Durgapur Cc-ordinator, 1QAC !
I.Q.Ao'.Cn Dl - T et .__rn,qer:a r“:__ : 23
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Concepl Nole ‘
The corpus of English literature is vast and ever burgeoning. It
does not confine itself to the precincts of the English territory

Patrons

Dr Debnath Palit Dr Fatik Baran Mandal but takes into its ambit literatures written 