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Abstract
The [3+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/6-311++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 

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 a, Luis R. Domingo b,*, Haydar A. Mohammad-Salim c, Nivedita Acharjee a,* 
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A R T I C L E  I N F O   
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A B S T R A C T   

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− 1, 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 flux (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 cb-type 32CA reactions.   

1. Introduction 

Pyrazolines and pyrazoles represent one of the significant class of 
heterocycles to exhibit wide range of biological activities, namely 
anticancer, antibacterial, anti-inflammatory, 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 NIs is influenced by electronic effects and conse
quently 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 

32CA reactions has been established.[8] Depending on its electronic 
structure, the TACs have been classified 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, Ríos-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 Ríos-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 findings 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- 
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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

The [3 + 2] cycloaddition (32CA) reactions of nitrones have 
received significant attention owing to their wide range of 
applications in chemical synthesis and medicinal chemistry 
[1]. A vast array of five membered heterocycles can be pro-
duced from nitrone cycloadditions such as the isoxazolidines 
[2], from nitrone olefin 32CA reactions. Isoxazolidines serve 
as valuable synthetic intermediates owing to the presence 
of a labile N–O bond [3]. Besides, isoxazolidine derivatives 
exhibit diverse pharmacological activities, namely antibac-
terial, anticonvulsant, antifungal, antiviral, antitumor [2] 
etc. Consequently, numerous synthetic strategies [4] have 
been employed to optimize the selectivity, solvent, cata-
lytic, temperature and substituent effects and consequently 
reach at reasonable yields of the targeted isoxazolidine com-
pounds. Within such 32CA reactions, the choice of the olefin 
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R E S E A R CH AR T I C L E

Revealing the influence of tether length on the
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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 MPWB1K/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.

KEYWORD S

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

1 | INTRODUCTION

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

conformational features and structural implications
resulting in diversified biological and pharmacological
properties.1 Among the vast array of spiro hereocycles,
the spirocyclic amines have received sincere synthetic

Received: 4 June 2023 Revised: 13 September 2023 Accepted: 17 September 2023

DOI: 10.1002/poc.4574
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Unveiling the Mg(II) promoted [3+2] cycloaddition
reaction of mesitonitrile oxide to Baylis–Hilman
adduct from the molecular electron density
theory perspective†

Luis R. Domingo *a and Nivedita Acharjee b

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 oB97X-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(II) 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(II)-promoted 32CA reaction relative to that in the absence

of the Mg(II) cation, in complete agreement with the experiments. The preferred transition state

structure (TS) associated with the Mg(II)-promoted process shows complexation of the magnesium atom

with the oxygens of MNO and BHA (hydroxyl oxygen), with the corresponding critical points (CPs)

showing non-covalent interactions (NCIs) in the AIM-RDG isosurfaces. This MEDT study provides a

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(II) complex slightly accelerates the 32CA

reaction to decrease the activation Gibbs free energy by 3.1 kcal mol�1, the more remarkable role of the

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

1. Introduction

The [3+2] cycloaddition (32CA) reactions1,2 of nitrile oxides
offer broad synthetic potential to afford 2-isoxazoline adducts
that can be transformed to b-hydroxyketones or g-amino alco-
hols by reductive cleavage.3 Terminal alkenes generally add to
nitrile oxides with total regiocontrol leading to 5-substituted

isoxazolines, while a regioisomeric mixture is obtained with the
1,2-substituted internal alkenes.2 32CA reactions of nitrile
oxides with the terminal alkenes bearing a chiral centre show
poor stereocontrol. Kanemasha and coworkers4 performed
32CA reaction of benzonitrile oxide (BNO) 1 with the a,b
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.4 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-(l-
hydroxypropyl)-3-phenyl-2-isoxazoline] with 95% stereoselectivity.

Subsequently, in 1999, Krygowski and coworkers5 reported
the reversal of stereoselectivity in MeMgBr catalyzed 32CA
reaction of mesitonitrile oxide (MNO) 9 with Baylis–Hilman

a 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

† Electronic supplementary information (ESI) available: Figure with the oB97X-D/
6-311G(d,p) optimized geometries ofMC-Mg. Table with the oB97X-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
oB97X-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 oB97X-D/6-311G(d,p) total electronic energies, in the gas phase
and DCM, of the stationary points involved in the Mg(II)-promoted zw-type 32CA
reaction of MNO 9 with BHA 10. Table with the oB97X-D/6-311G(d,p) enthalpies,
entropies, and Gibbs free energies of the stationary points involved in the Mg(II)-
promoted zw-type 32CA reaction of MNO 9 with BHA 10. See DOI: https://doi.org/
10.1039/d2nj05424h
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Unveiling the atropoisomerism induced facial selectivity and 
regioselectivity in the [3 + 2] cycloaddition reaction of benzonitrile oxide 
with 5-methylenehydantoin from the molecular electron density 
theory perspective 
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A B S T R A C T   

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− 1. 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 
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a b s t r a c t 

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 −1 (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 ( ̊A 2 ) for unbound and bound structures. 

© 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) . 

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- 

https://doi.org/10.1016/j.molstruc.2022.134418 
0022-2860/© 2022 Elsevier B.V. All rights reserved. 
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a b s t r a c t 

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 N 5 , N 4 and N 6 atoms with a perpendicular orientation and 
Au-ADO, the interaction is through O, N 3 –H 13 and NH 2 groups with a perpendicular orientation. Reactivity 
computations were used to find the electron density in NMC-containing ADO complexes. The intermolec- 
ular interaction forces were found by the establishment of numerous bond critical point, monitored by 
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 efficient 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 

(J.S. Al-Otaibi) . 

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 effort s, 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 

https://doi.org/10.1016/j.molstruc.2023.135541 
0022-2860/© 2023 Elsevier B.V. All rights reserved. 
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ABSTRACT
Important biological compounds, namely, methyl 3-amino-4-(4-bromophe-
nyl)thiophene-2-carboxylate (BPTC) and methyl 3-amino-4-(4-chlorophe-
nyl)thiophene-2-carboxylate (CPTC), were characterized using
complementary techniques of Fourier transform infrared (FT-IR), Raman
spectroscopy. Nuclear magnetic resonance spectroscopy (NMR) confirmed
the structural features, while Ultra Violet–Visible Spectroscopy was used to
investigate the electronic properties of both compounds. The quantum
chemical calculations for both compounds were performed using the
DFT/B3LYP functional with the 6-311þþG(d,p) basis set. This study com-
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.
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KEYWORDS
Vibrational spectroscopy;
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molecular dynamics
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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.1–3 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.3–5 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.6–8 Biologically active
substances and natural products are the main sources of thiophene, a simple five-membered
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A B S T R A C T   

A detailed vibrational analysis of flupentixol dihydrochloride (FDC) is performed by Density Functional Theory 
(DFT) calculations. Wavefunction reactivity properties and Atoms In Molecules (AIM) analysis are also per
formed. There is enormous O1-H1B…Cl1, N1-H1A…Cl1 and C9-H9A…F3B intermolecular hydrogen bonding in FDC. 
Electrons were resonated on the aromatic rings without any interference with aliphatic moiety of both highest 
occupied molecular orbital (HOMO) and in least unoccupied molecular orbital (LUMO) which is due to partic
ipation of fluorine 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 beneficial 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 polyolefins [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 

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 flupentixol using graphene oxide 
[13]. Studies of drug interaction between levocetirizine are reported 
[14]. El-Zahry and Lendl reported the kinetic study of ofloxacin using 
SERS [15]. Raghav et al., reported interactions of trifluoperazine 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 
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Unveiling the Unreliable: An Analysis of Narrative Unreliability in Agatha Christie's  

The Murder of Roger Ackroyd 

SumanPatra 

Semester: VI 

English Hons. 
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This research paper aims to explore a unique concept within Agatha Christie's widely famous 

detective fiction novel The Murder of Roger Ackroyd. Instead of focusing solely on the plot's 

twist ending, this study elucidates the intriguing narrative technique employed by Christie, 

known as 'narrative unreliability'. By examining the character perspective, narrative structure, 

and the role of the unreliable narrator, this paper aims to shed light on the ways in which 

Christie manipulates the reader's perception, challenges traditional detective fiction 

conventions, and delivers a masterful work of deception and misdirection. The narrator of the 

entire saga is Dr James Sheppard and how shrewdly he manages to present himself under the 

suspension of disbelief. Readers are forced to shake off their slightest sense of suspicion 

regarding our selfless doctor only to get affected by the most turbulent tornado of 

anagnorisis. Readers get diluted by his seemingly neutral perspectives and habit of omitting 

certain crucial details or rather it is the fault on the part of the readers to acknowledge 

unanimously according to their preconceived notions that the narrator- cum-assistant of the 

detective cannot be any less than the detective devoid of any sort of materialistic inclination. 

In this intricate dance between reader and narrator, Christie's storytelling prowess emerges, 

intricately intertwining the perspectives of both parties. Dr. Sheppard's calculated 

manipulation of reader trust and the readers' willing surrender to his narrative charm 

converge, creating a captivating dynamic that elevates the suspense and tension of the 

narrative. It is within this delicate interplay that the true brilliance of The Murder of Roger 

Ackroyd  lies, enthralling readers and leaving an indelible mark on the landscape of detective 

fiction.          

 

 

The 1950s Feminist Icon: Sylvia Plath 

SusmitaDey 

Semester: IV 

English PG 
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A plate of rice, each grain was perhaps taken from a different plant. But they lived the same 

lives, underwent the same process of cleaning and packaging destined to be consumed. Every 

female born on this planet have undergone some such processing. These ancient practices 

have not been changed. Their lives seem simple but when we hear their stories through the 

pieces of writing, the horror, the excruciating torment and the thorns of life seem evident. 

One such lady is our beloved, Sylvia Plath who got married to Ted Hughes but later divorced 

him due to his extramarital affair. Her semi-autobiographical novel The Bell Jar relates the 

pain of her teenage years. She at first lost her father, then the miscarriages she had, led to 

depression.  Sylvia narrates the life of Esther Greenwood in her novel where the girl is seen 
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Invited Lecture on Indian Writing in English organized by Department of English and IQAC Durgapur 

Government College with Resource Person as Dr. Jaydeep Sarangi, Principal, New Alipore College 
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SCIENCE SETU LECTURES ORGANIZED AS THE COLLABORATIVE INITIATIVE OF DURGAPUR 

GOVERNMENT COLLEGE WITH THE NATIONAL INSTITUTE OF BIOMEDICAL GENOMICS, KALYANI, 

UNDER DBT STAR COLLEGE SCHEME 

 

 
April 03, 2024 

Science Setu Lecture 1 under DBT STAR COLLEGE SCHEME 

 

https://www.youtube.com/live/TjwHxUzK0Wg 
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April 04, 2024 
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https://www.youtube.com/watch?v=zMNhRZ3jT7U 
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Science Setu Lecture 3 under DBT STAR COLLEGE SCHEME 

 

https://www.youtube.com/watch?v=QVuKcNetgHw 
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Abstract: Archosauromorph reptiles underwent rapid lin-

eage diversification, increases in morphological and body size

disparity, and expansion into new adaptive landscapes. Sev-

eral of the primary early archosauromorph clades (e.g. rhyn-

chosaurs) are easy to differentiate from others because of

their characteristic body types, whereas the more lizard-like

and carnivorous forms with long necks (e.g. tanystropheids)

were historically all relegated to the groups Protorosauria

or Prolacertiformes. However, it is now clear that these

groups are polyphyletic and that a lizard-like, carnivorous

form is plesiomorphic for Archosauromorpha, and multi-

ple subclades started with that body plan. Among these

early forms is Malerisaurus from the Upper Triassic of

India (M. robinsonae) and the Upper Triassic of south-

western USA (M. langstoni). In this paper, we critically re-

evaluate the genus. We find both species of Malerisaurus

as valid, and identify Malerisaurus as an early diverging,

but late-surviving, carnivorous member of Azendohsauridae

within Allokotosauria. Our histological analysis and assess-

ment of ontogenetic changes of limb bones of small and

large individuals demonstrate that the skeletons of the small

forms grew slowly and became more robust through onto-

geny, and that the larger recovered bones are at or near the

maximum size of the taxon. Malerisaurus and Malerisaurus-

like taxa were common members of the Otischalkian–Ada-

manian (late Carnian to mid-Norian) faunal assemblages

from Upper Triassic strata of the south western USA, but

they are absent from the younger Revueltian holochrono-

zone. Specimens from western North America show that

Allokotosauria had a near-Pangaean distribution for much

of the Middle Triassic to Late Triassic.

Key words: Azendohsauridae, Malerisaurus, Pangaea, Otis-

chalkia, Chinle Formation, Dockum Group.

TH E initial radiation of archosauromorphs (the group that

contains birds, crocodylians, and all species closer to them

than to lizards, snakes and tuataras) preceded the end of

the Permian Period, but clear differentiation and prolifera-

tion of early archosauromorph subclades occurred in the

Triassic Period (Benton 1985; Ezcurra et al. 2014; Ezcurra

2016; Foth et al. 2016; Ezcurra & Butler 2018). During the

Triassic radiation, archosauromorphs rapidly diversified

into various shapes and ecological niches including stocky-

bodied herbivores (e.g. rhynchosaurs), possibly arboreal

herbivores (e.g. trilophosaurids), dinosaur-convergent her-

bivores (e.g. azendohsaurids), some of the first large (>2 m

total body length) reptile predators (e.g. proterosuchids,

erythrosuchids, ‘rauisuchians’), and various other long-

necked lizard-like forms (tanystropheids, prolacertids).

Whereas inclusion into these clades using body and skull

© 2021 The Palaeontological Association doi: 10.1002/spp2.1413 1 of 29
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ARTICLE

THE OSTEOLOGY OF SHRINGASAURUS INDICUS, AN ARCHOSAUROMORPH FROM THE
MIDDLE TRIASSIC DENWA FORMATION, SATPURA GONDWANA BASIN, CENTRAL INDIA

SARADEE SENGUPTA,*,1,2 and SASWATI BANDYOPADHYAY1

1Geological Studies Unit, Indian Statistical Institute, B. T. Road, Kol-108, West Bengal, India;
2Current Address: Department of Geology, Durgapur Govt. College, J. N. Avenue, Durgapur-14, West Bengal, India;

saradeesengupta@gmail.com

ABSTRACT—Archosauromorpha originated in the middle–late Permian and started to diversify in both non-marine and
marine ecosystems dominating the world by the Triassic. The evolution of this group is poorly documented because the
fossil record is limited. A detailed osteological description of Shringasaurus indicus, a non-archosaurian
archosauromorph, from the Middle Triassic Satpura Basin, Central India, is provided here. The collection includes
cranial bones, namely the nasal, frontals with and without horns, postfrontal, parietal, maxilla, premaxilla, quadrate,
vomer, dentary, and braincase. The collection also comprises postcranial bones such as cervical, dorsal, sacral and
caudal vertebrae, and girdle and limb bones. The phylogenetic study incorporates the character states from cranial as
well as postcranial elements of Shringasaurus indicus. Furthermore, Malerisaurus robinsonae, another non-
archosaurian archosauromorph from India, has been included in the phylogenetic analysis. The analysis reveals that
both Shringasaurus indicus and Malerisaurus robinsonae are azendohsaurid allokotosaurs and Shringasaurus indicus is
the sister taxon to both the species of Azendohsaurus. The detailed description of Shringasaurus indicus elucidates
that the animal had a pair of supraorbital horns, was a large herbivore, and has an incongruous mixture of basal
archosauromorph and dinosaurian-like character-states. Hence, the present study helps to fill the gap, to a large
extent, in understanding the nature of the morphological diversity of basal archosauromorphs after the Permian–
Triassic mass extinction.

SUPPLEMENTAL DATA—Supplemental materials are available for this article for free at www.tandfonline.com/UJVP

Citation for this article: Sengupta, S. and S. Bandyopadhyay. 2022. The osteology of Shringasaurus indicus, an
archosauromorph from the Middle Triassic Denwa Formation, Satpura Gondwana Basin, Central India. Journal of
Vertebrate Paleontology. DOI: 10.1080/02724634.2021.2010740

INTRODUCTION

The Triassic Period has always been considered as an impor-
tant moment in the history of vertebrate life in terms of diversi-
fication of various Mesozoic taxa, especially archosauromorphs.
Archosauromorphs originated in the middle–late Permian,
before the end-Permian mass extinction event (Ezcurra et al.,
2014) and gradually started to diversify in both non-marine and
marine ecosystems, dominating the world by the Triassic. This
group shows extensive variations in terms of body plans, and
included semi-aquatic or entirely aquatic forms (e.g., tanystrop-
heids, doswelliids, proterochampsids, some poposauroids),
highly specialized herbivores (e.g., allokotosaurs, rhynchosaurs),
and massive predators (e.g., erythrosuchids, “rauisuchians”)
(Ezcurra, 2016). Gradually, archosauromorphs gave rise to dino-
saurs, and also evolved into two important extant groups, croco-
dilians and birds (Benton, 1985). Thus Archosauromorpha serves
as an excellent case study to shed light on the macro-evolutionary
radiations of amniotes in deep time, especially after the devastat-
ing Permian–Triassic mass extinction, and have received atten-
tion from generations of researchers (Benton, 1985; Gauthier
et al., 1988; Dilkes, 1998; Müller, 2004; Ezcurra et al., 2014;
Pritchard et al., 2015; Nesbitt et al., 2015; Ezcurra, 2016).
However, capturing these evolutionary changes is always a bit

challenging because the fossil record of archosauromorphs is
limited (Nesbitt et al., 2015).

In this scenario, a group of Archosauromorpha, Allokoto-
sauria, which was identified only five years ago and is composed
of two families, namely Trilophosauridae and Azendohsauridae,
plays an important role. Allokotosauria comprises Pamelaria
dolichotrachela (Sen, 2003), Azendohsaurus madagaskarensis
(Flynn et al., 1999, 2010; Nesbitt et al., 2015), Azendohsaurus
laaroussii (Dutuit, 1972; Gauffre, 1993), Malerisaurus spp.
(Chatterjee, 1980a, 1986; Nesbitt et al., 2017a), Trilophosaurus
spp. (Case, 1928; Gregory, 1945; Murry, 1987; Spielmann et al.,
2008), Spinosuchus caseanus (Gregory, 1945; Murry, 1987;
Heckert et al., 2006; Spielmann et al., 2008; Nesbitt et al.,
2015; Sengupta et al., 2017), and Teraterpeton hrynewichorum
(Sues, 2003; Pritchard and Sues, 2019). This group, spanning
the Triassic Period, when archosauromorphs as a whole were
diversifying, shows wide variations in their body plans. A few
allokotosaurs retained the plesiomorphic archosauromorph
body plan (Protorosaurus-like), but the sauropodomorph-like
body plan of Azendohsaurus and “lizard-like” body plan of Tri-
lophosaurus also evolved by the end of the Middle–Late Triassic
(Nesbitt et al., 2015). Additionally, Allokotosauria includes
another azendohsaurid, Shringasaurus indicus from the
Middle Triassic Denwa Formation, Satpura Gondwana Basin,
India (Fig. 1), which is known for its bizarre cranial ornamenta-
tion (Sengupta et al., 2017). It possesses two anteriorly curved,
conical bony horns above the orbits, almost equal in height to
the rest of the skull in large individuals (Sengupta et al.,*Corresponding author.
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