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Abstract

This study reports a computational assessment gfortant biochemical properties and
vibrational assignments for the synthesized 1-(né&hoxy-4-nitrophenyl)piperazin-1-
ylethanone (MNPE). MNPE is related to the commambgd arylpiperazine-based drugs that
exhibit a wide range of pharmacological activiti®#ge characterization of MNPE is based on
the readily sighted 1363 chinfrared band (associated with piperazine ringishiag), 1308 cm

! Raman line (associated with the phenyl ring biieg)h 1242 crit Raman line and 1092 ¢
infrared band (both associated with C-N stretchemgkey modes in its vibrational spectra. First
principle calculations revealed that MNPE could sexin sixteen different plausible
conformations, which were used as basis to undefsthe possible molecular docking
mechanism of the molecule as an agonist in the hu@aABA, receptor. The best binding
scenarios showed the presence of intramolecularoggd bonding in MNPE and was
comparable with the most stable configuration. Bswfurther evaluated for its reactivity
properties by utilizing the concepts of Average &lotonization Energies (ALIE) and Fukui
functions. The autoxidation and hydrolysis degradalikelihood of MNPE estimated from the
computed bond dissociation energies and radialilolision functions predicted that MNPE is to

be readily biodegradable in aqueous solutions.

Keywords. Arylpiperazine; Human GABA receptor; Molecular docking; Vibrational
spectroscopy; Density functional theory.



1. Introduction
Arylpiperazines and its derivatives have demonstratn alluring pharmacological framework
that is found in different branded drugs. The is@ua of piperazine motif is a vital synthetic
procedure in drug discovery. This is due to itabity, proper alkalinity, and hydrogen bond
formation capability. All these attributes in tuead to its ease in the modification of molecular
physicochemical properties [1, 2]. Moreover, amp®yazine derivatives have found extensive
applications in the pharmaceutical chemistry suclaticancer [3, 4], antiviral [5], antifungal
[6], anti-oxidative [7], anti-histamine [8], antapasitic [9] psychotolytic [10] and as an agonist
for the human GABA receptor [11]. Contrary, theginent usage and improper disposal of this
class of compounds can act as organic pollutartpase threat to the environment especially in
water and hence become toxic to aquatic organish2s14]. In general, arylpiperazine
derivatives are quite stable and hence their degiad under normal conditions is very slow.
This in turn make the conventional water purifioatimethods unsuitable for efficient and
economic removal of these compounds [15]. Therefmasiderable synthetic efforts have been
devoted to design new arylpiperazines which areh boedicinally effective and water-
degradable. In the light of above, we have syngegsian arylpiperazine derivative and have
studied it computationally and spectroscopicallyvai as by means of bond dissociation energy
(BDE), radial distribution function (RDF) and moigar docking approaches to gain some
insights on its electronic properties and sidectéfe
Given the fact that the advanced oxidation is aereid a widely used method in water
purification technology [16], understanding theateae properties of MNPE (Fig. 1) and the
possible auto-oxidation locations within the molecis essential. This in turn can be achieved
by calculating BDEs during hydrogen abstractionug,ithe BDE of the rest of the single acyclic
bonds can be used for classification of bonds awegrto their strength and prediction of
locations where degradation can occur. Considethy importance of water as solvent,
molecular dynamics (MD) simulations can provide uahlle information to ascertain the
interaction with water molecules and different tygdeatoms of MNPE. In this case, RDF shall
be particularly quite useful.
In addition, arylpiperazine derivatives are knows agonist to naturally occurring-

aminobutyric acid (GABA) receptor, which in turnogduces a synergistic anti-stress and anti-



anxiety effect. The GABAreceptor is one of the Ligand-gated lon Channkl€q) that are
referred to as ionotropic receptors because theyahe passage of ions such as’Mad K
through the membrane as a response to the stirafieet when a ligand binds to them. [17-19].
Since most drugs often imitate the action of endogse ligands [20a], the conformational
analysis and the molecular docking study of cars throvide a deeper understanding of the

mode of action by which drugs act on such a tgsgeein.

2. Experimental

Melting Points were determined on a Bulchi apparafigichi Labortechnik AG,
Switzerland) and are uncorrected. Elemental armalysas carried out on a Perkin Elmer
Elemental Analyzer Series 11 Model 2400 (PerkinEline. USA).'H and**C NMR spectra
were measured in CD€lusing TMS as internal standard on a JEOL JNM-LA) 50Hz
spectrometer (JEOL USA Inc.). Analytical TLC wagril out on silica gel 6055, plates (E.
Merck); column chromatography was carried out ditasigel (200-400 mesh, E. Merck).
DR/Jasco FT-IR 6300 spectrometer employing KBred&blwas used to record the infrared
spectrum (Fig. 2) of MNPE while a Bruker RFS 10@grmany was used to record the Raman
spectrum (Fig. 3). The emission of Nd:YAG lasetha wavelength of 1064 nm was utilized for

sample excitation with a maximal power of 150 mW.

2.1 Synthesis of MNP®)

To a suspension of compouBd20b] (1.05 g, 3 mmol) in C¥Cl, (20 mL) at 0°C was added
EtN (1.1 mL, 8 mmol) followed by the dropwise additiof acetyl chloride (0.32 mL, 4.5
mmol). The mixture was stirred for three hours @m temperature until completion (TLC
analysis). The reaction was quenched with satufde#diCQ (10 mL) and the organic layer was
separated, washed withb® (10 mL) and then dried over p&O, followed by evaporation under
reduced pressure to obtain a yellow solid, whicls wecrystallized with ethanol to afford the
titte compound6 as yellow crystalline solid'H NMR (500 MHz, CDCJ): § 2.16 (s, 3H,
COCH), 3.41 (m, 4H, piperazine H), 3.68 (2H, t, pipénazH), 3.80 (2H, t, piperazine H), 3.91
(s, 3H, OCH), 6.35 (dJ = 1.9 Hz, 1H, H-2), 6.41 (dd,= 1.9, 8.6 Hz, 1H, H-6), 8.01 (d,= 8.6
Hz, 1H, H-5). Anal. Calcd for gH1/N3O4: C, 55.91; H, 6.14; N, 15.05%. Found: C, 55.87; H,
6.17; N, 15.01.



3. Computational Details

An extensive conformational analysis was done fofM& using Density Functional Theory
(DFT) with Gaussian 09 program [21] at the Beckéige-parameter half-and-half model and
the Lee-Yang-Parr connection useful (B3LYP) levethleory using both 6-311G(d,p) and 6-
311++G(d,p) as the basis sets which are good fatiumesize organic molecules. Sixteen
possible structures (Fig. 4) of MNPE were determjrand their energies were computed (Table
1) [22]. The 6-311++G(d,p) basis set was employegredict the geometrical parameters in
details (Tables 2-5) and calculate the vibratiomatenumbers (Table 5) [23], [24] of the most
stable conformer (Fig. 1) using a scaling factorOd®613 [25]in order to acheive a better
correlation with experimental values. The assigrnsiehthe figured wavenumbers are supported
by the atomic displacements visulized with GAUSSWIH26] and the Potential Energy
Distribution (PED) values computed with the GARZP&oftware [27].

Moreover, the Jaguar program 9.0 embedded inSdeddinger Materials Science Suite [28]
was utilized for DFT calculations of Average Logatization Energies (ALIE), Fukui capacities
and BDE. For MD simulations of RDFs, the Desmonolgpaim [29]-[32] was utilized, likewise
as executed in the Schrodinger Materials Sciendée.Skor all DFT estimations B3LYP
exchange correlation functionals were employed.[3BJoncerning MD simulations, OPLS 2005
force field [34] was used. The system was modeleplécing one molecule of MNPE in a cubic
box with ~3000 water molecules and treated with N\Where N is constant particle number, P is
pressure and T is temperature) ensemble class. Plidssure was set to 1.0325 bar while the
temperature was set to be 300 K, with simulatioretof 10 ns. The cut-off radius was set to 12
A, while the solvent description was done by emplgythe Simple Point Charge (SPC) model
[35]. The molecular docking analysis was perforrmgth the CLC Drug Discovery program
[36] while the Moleman 2 [37] was used to validdte crystal structure of the human GABA

receptor which is the target protein in this study.

4 Results and Discussion
4.1 Synthesis of 1-(4-(3-methoxy-4-nitr ophenyl)piper azin-1-yl)ethanone
The desired compound MNPE)(was synthesized as outlined in scheme 1. In bfef

methylation of phenol 1 with iodomethane in DMF dered2, which in turn was condensed



with 1-boc-piperazin® to produce coupled produdt Acid induced removal of boc protection
of 4 furnished salb, which was reacted with acetic anhydride in,CH to yield the desire@ in
44% overall yield froni [38].

NO,
NO, NO, HN N—Boc OCHs
OH CHl, KoCOg, DMF OCH; 3 TFA, CH,Cl,
> [ —_—
400C, 12 h K,COs, DMF, 60 oC \ rt,12h
£ (98%) F 12h ] (60%)
. N (95%) N
|
Boc
NO, NO, f
OCH; OCHj
EtsN, Ac,0
[Nj CH,Cly, 0°C - rt., 3 hr N
: L)
N (78%) N
H.TFA Ac
5 6

Scheme 1. Synthesis of 1-(4-(3-methoxy-4-nitrophenyl)pipenat-yl)ethanone (MNPE)

4.2. Confor mational Analysis

Exploring conformational properties of organic-liths#rugs is extremely useful in order to
understand the structure-activity relationship.diletl conformational analysis of the multi-rotor
MNPE has led to 16 possible unique conformatiorgatied in Fig. 4. The variation of bond
lengths, bond angles and dihedral angles amongstiide forms are listed in Tables 2-4.
Generally, the steric effect when the methoxy aiitb rgroups repel each other pushes the
energy 1-2 kcal/mol to the higher side (Table Ign§equently, the position of the methoxy with
respect to the nitro groups is the main factor théitiences the overall energy of the molecule.
The average distance betweerz &d Qyin A and B conformations is about 0.2 A shorterth

in corresponding C and D conformations (Table 2j)e Tnternal rotation of the OGHyroup,
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presented in Fig. 5(A), has shown that the eclggiosition of the Cklgroup is 3-4 kcal higher

in energy than when the methoxy and nitro groupgexg repel each other. On the other hand,
the molecule seems more flexible flipping along #mematic ring-piperazine ring linkage and
the nitro group-aromatic ring linkage. The pipenazring in its lowest energy form positons
itself in the same plane of the benzene ring witbua 42° tilting angle. The stable position of the
methoxy group in C and D configurations representsetastable arrangement with 5 kcal/mol
barrier (Fig. 5) to interchange to A and B confotimas.

The conformer B4 is predicted to be the most stédi®, and its detailed structural parameters
are listed in Table S1. There is no significanfed#nce between the results obtained by the
B3LYP/6-311G(d,p) and B3LYP/6-311++G(d,p) basisssét terms of bond angles and
distances, yet some major dihedral angles, su€sabl;s-C10-Co and Qs-N15-C10-C11 (Table 4)
showed a notable difference (up to 6° in some gashen these two different basis sets are
utilized. This perception demonstrates the impédhe electronic properties of the nitro group
when long-range repulsion parameters are considertbe@ basis set.

The molecular electrostatic potential (MEP) mapg(Ba) indicates that the nitro and
carbonyl groups demonstrate an electronegativeomegn the molecule whereas the
electropositive region occurs at the piperazing kitinity. This map has given an insight into
possible interactions between MNPE and the amind & the target protein. The HOMO
(highest_occupied molecular orbital) and LUMO (Ietvenoccupied molecular orbital) energy
values were calculated to be -7.83 eV and -4.55re3fectively, with an energy gap of 3.28 eV.
Due to the relatively small gap in MNPE, the chatrgasfer process is predicted to be feasible
and supports the docked pose of the compound imtiecular docking analysis, which will be

discussed later in this script.

4.3 Geometrical Parametersfor B4 Conformer

For the piperazine ring of the title compound, bloed lengths are computed as G
1.4586 A, N-C; = 1.4567 A, G-C, = 1.5293 A, N-Cs = 1.4633 A, N-C, = 1.4675 A, G-Cs
1.5284 A and corresponding reported bond lengthd a#65, 1.463, 1.514, 1.458, 1.471, 1.511A
[39] and 1.4488, 1.485, 1.535, 1.488, 1.477, 1A4%0]. The DFT calculations predict the bond
angles within the piperazine ringdCs-C, = 110.4°, N-Cs-Cs = 111.1°, N-C4-Cs = 110.9°, N-
Cr-C3 = 111.3°, G-N31-C, = 112.4° whereas the corresponding reported valted410.4, 113.1,



110.7, 109.7, 114.8° [40] and 110.0, 109.7, 1091D.0, 110.0° [39].The dihedral angles of the
piperazine ring, &N4-C3-C, = -54.7°, -N1-C,-C3 = -55.1°, N-C3-C,-N1= 53.9°, G-N;-Cs-Cs

= 54.6° G-N4-Cs5-Cs = 54.9°, N-Cs-Cs-N4 = -53.6° are in agreement with the reported values
[41]. The C-O bond lengths of MNPE arg-O;3 = 1.346 A and €-O;3 = 1.424 A and the
increase in bond length ofi£0,3 is due to the noticeable hydrogen bonding expeeérby the
molecule as reported in literature [42], [43]. hetpresent case, the C=0 bond length is 1.2225
A which is in agreement with literature [44]. TheQChond lengths in the phenyl ring are in the
range 1.3792-1.4118 A and the bond lengths arewbhaere in between the normal values for a
single (1.54 A) and a double (1.33 A) bond [44]r Bee title compound the N-O bond lengths
are 1.2246 A and 1.2324 A which was in agreemettt keported values [45].

The C-N-O angles are reported as 117.7° and 11[A5F where as for the title
compound, the angles are 118.9° and 117.0°. ApNisition, the bond angles are,;®l;5-O37 =
118.9°, Go-N15-O36= 117.0° and @-N15-O37 = 124.1° and this asymmetry in angles is due¢o th
adjacent OCElgroup. At Goposition, the bond angleg€C,5-Ci5 increased by 2.9° andi ECio-

Nis is decreased by 2.5° from 120°, which revealshydrogen bonding with the gdatom. At

Cy position, the bond angles areg-Cy-Cyp = 118.5°, G-Cy-O33 = 122.9° and ¢-Co-O13 =
118.5° and the increase in-Cy-O;3 is due to the interaction between £&hd Ho atom. At G
position the bond angles arg-C-C;, = 118.0°, G-C-N; = 121.4° and &-C-N; = 120.5° and
the asymmetry in angles is due to the interactietvben the phenyl ring and the £gtoups of
piperazine ring. Similarly, at {g position, the bond angles are;-GhsCig= 117.5°, N-C16-017

= 121.5°, Gg-Ci16-057 = 121.0° and this asymmetry is due to thes;@rbup and ChH groups of
piperazine ring. The methoxy group is slightlyetltfrom the phenyl ring as is evident from the
torsion angles, £Cg-Co-O13 = 177.6°, @-Co-013-C14 = 1.9°, G1-C1¢-Co-O13 = -175.9° and -
Co-013-C14 = 178.8° and the phenyl ring and piperazine ang tilted from each other as is
evident from the torsion anglesg-C;-N1-Cg = -4.7°, G-C7-N;-C, = 139.3°, GCs-N31-C; = -
42.2° and @-C7-N;-Cs = 173.7°. The COCHand the piperazine ring are tilted from each other
as is evident from the torsion angleg;NG-C16-017 = 4.1°, G-N4-C16-017 = 174.7°, G-N4-Ci6
Ci18=-176.4° and €N4-Cy16-Ci5 = -5.8°.

44  Molecular Reactivity
4.4.1 ALIE Surfaces and Fukui Functions



Two representative Average Local lonization Ene(gy.IE) surfaces of MNPE are
depicted in Fig. 7a. ALIE is frequently used as wamum molecular descriptor for the
understanding of local reactivity properties of ewllar systems. This quantity was introduced
by Sjoberget al. [46, 47], and it is useful when its values are pspto the electron density
surface. In that case the certain areas of theasurindicate the molecule locations where
electrons are the least tightly bound, i.e. thetreasily removed. Therefore these locations are
the most prone to electrophilic attacks. ALIE isiged as followed:

1(r)= Zpﬂ;ﬁ' (1)

where p. (F) represents the electronic density ofitlle molecular orbital at the point, &,

represents the orbital energy ap(f) is the total electronic density function.

The results obtained for MNPE revealed that thatioos at the benzene ring and N§doup
are prone to possible electrophilic attack. Thiplied that electrons in the regions near vicinity
of carbon atoms £and G, (belonging to benzene ring), nitrogen atom (Welonging to
piperazine ring) and oxygen atoms of N@oup are less tightly bound. At all these loaadio
the ALIE values were somewhat lower than 200 kaall/@xhibiting possible reactive sites.

Besides MEP and ALIE analysis, values of Fukui fioms (Fig. 7b) can also serve as
indicators of possible reactive centers in the ke They provide insight on how electron
density changes with the addition or removal of tharge. Two Fukui functions,” andf ~,

were calculated with infinite difference approasialows:

£t =(pN+5(r)_pN(r)) 2)
o
f- :(pN“S(r)é—,oN(r)) (3)

whereN is the number of electrons in the reference sthtbeomolecule and represents the
fraction of electron, which is set to be 0.01 [48].

According to the results presented in Fig.6apleuregion of Fukuf * function is located
at oxygen atoms of NOgroup, which indicated an increase in the electlensity with the
addition of charge. On the other side, the negatoler was generated at the methyl group in the

near vicinity of benzene ring and in the near vtgiof oxygen atom @, which revealed these
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locations as interesting possible reactive centeis.evident that the regions indicated by Fukui

functions corresponded to the regions where MERses have the highest or lowest values.

442 NBO Analysis

The natural bond orbitals (NBO) calculations weesf@gmed using NBO 3.1 program
[49] as implemented in the Gaussian 09 [21] packagd various hyper-conjugative interaction
parameters are given in tables 7 and 8. The inti@eular hyper-conjugative interactions in the
titte compound are: £Cg from Ny of m(N1)—T1*(C7-Cs), Cie-O17 from Na of m(Ng)—T1*(C16
O17), Co-C1o from O3 of np(O13)—T1(Co-Ca), N4-C16 from Or7 of np(O17)—0*(N 4-C1e), N15-Os7
from Ose Of Ng(Oz6)—Tr*(N 15-0O37), Ni5-O3z6 from Os7 of my(O37)—0*(N 15-O36) having electron
densities, 0.42457, 0.28120, 0.46950, 0.08444,20%20.06304e and stabilization energies,
32.39, 62.42, 35.28, 26.34, 148.77, 19.69 KJ/mol.

From Table 7, the natural hybrid orbital with highenergies, considerable p-character
(nearly 100%) and low occupancy were predictedetopfO;3), np(017), Ns(O36) and B(Oz7) with
energies, -0.31933, -0.24010, -0.25443, -0.26725ad p-characters, 99.99, 99.99, 99.84,
99.97% and occupation numbers, 1.81466, 1.8642%681, 1.89783, respectively. On the
other hand, the orbitals with lower energies arghtoccupancy are:1f013), m(O17), Mm(Osze),
n;1(O37) with energies, -0.54441, -0.77681, -0.66876,7868a.u and p-characters, 62.67, 41.68,
24.97, 25.40% and occupation numbers, 1.9623256871.98127, 1.98091, respectively.

Thus, a nearly pure p-type lone pair orbital isdpred to participate in the electron
donation to the #fN1) — 1%(C7-Cg), M(Ng) — T(C16-017), M(O13) — T(Co-Ci0), M(O17) —
0*(N 4-Ci¢), Ng(O36). — T*( N 15-O37), and n(037) — 0*(N 15-O3g) interactions in MNPE.

45  Degradation Properties

The degradation properties based on the autoxidato hydrolysis processes of MNPE
can be perceived with the help of computed Bondd@imtion Energy (BDE) values as obtained
by DFT calculations [50, 53]. BDE is a valuableltémr primary assessment of molecular sites
wherein the mechanism of autoxidation could ingidh addition, the efficiency of autoxidation
process is related to the abstraction of hydrogem dy peroxy radical from the parent drug

molecule [50, 51]. It is well established that @droxy radicals have similar BDE values (in the
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range of 87 kcal/mol to 92 kcal/mol). When the odted BDE for hydrogen abstraction is
within this range, corresponding molecule locai®onsidered a candidate for the initiation of
the autoxidation process. BDE values for peroxycadd can be considered independent of the
chemical surrounding [51, 52]. When the BDE valdettee hydrogen abstraction is in the
interval of 75 kcal/mol to 85 kcal/mol, then the |letule is considered to be highly prone to
autoxidation mechanism [50], [53]. BDE values dfsahgle acyclic bonds of the title molecule
are presented in Fig. 8. All BDE values relatedht@rogen abstraction are higher than 92
kcal/mol, thus it indicates that MNPE is highlyldtin open air, in the presence of oxygen. On
the other hand, two BDE values for the rest ofgimgle acyclic bonds were predicted to have
values of ~66 and ~69 kcal/mol, indicating thattgleehenyl linkage and O-CHbond are
dissociable and hence can be a potential sitegrbdation.

Furthermore, molecular areas that are likely tceratt with water molecules are
presented in Fig. 9 in the form of Radial Distribat Functions (RDFs), which was obtained
from MD simulations. RDFg(r), is the probability of finding a particle in thigstancer from
another particle [54]. When the obtained curve ifgas sharp and when its peak is at a short
distance, it indicates interactions between ced#oms and water molecules.

RDF curves shown in Fig. 9a indicate that the caroms Gy, Ci4 and Gg could have
pronounced interactions with water molecules. At@asand Gs are very similar in terms of
the highesy(r) value, ranging between 1.3 and 1.5, and its jgistnce, which has a value of
around 3.6 A. On the other side carbon atomsBows the highegf(r) value of 1.1 and a peak
distance at around 4.7 A. Moreover, RDFs of nob@aratoms demonstrate that they are more
apt to interact with water molecules (Fig. 9b). Himortest peak distances in these cases were
calculated to be for Nand Q- atoms, both less than 3 A, with maxirgé) values of around 0.5
and 1.0, respectively. £ and Q; are very similar in terms aj(r) value and peak distance,
around 1.1 and 3.2 A, respectively. Nitrogen atojiids scored the highegt) value of almost
1.4, while its peak distance is located at somewdsat than 4 A. Nitrogen atomyas maximal
g(r) value of around 1.2 with its peak distance lotadé around 4.7 A. The facts that BDE
values are the lowest for bonds that connect mitied methoxy moieties to the benzene ring and
that RDF curves show pronounced interactions fotaoe atoms belonging to these groups,
indicate the role of these groups in terms of degjodity of the title molecule.

11



4.6  MNPE Docking Analysistowards GABA Receptor

4.6.1 Protein Structure Validation

The validation of the structure of the target pirotis an essential step in the drug discovery
process [55]. The crystal structure of a human GABéeptor (PDB ID: 4COF) shown in Fig.
10a was done at a resolution of 2.97 A and was as¢lde target protein [17]. The target protein
contains 5 possible binding sites, namely chain8AC, D and E. Each chain is consisted of
about fivea-helices which are spiral in shape and aboftfeated sheets. Ramachandran plot
(Fig. 10b) checked a total number of 1574 resisugof the 1665 amino residues present in the
target protein, which is tantamount to about 95%heftotal residues. The total number of core
regions and outliers are 1546 and 28 respectiviych gave a rise to a percentage outlier of 1.8
%. The Ramachandran plot uses percentage outlgsctertain the validity of a protein structure.
The recommended range for the percentage outlieafaalid protein structure is between 0 to 5
% [56]. Hence, the target protein (PDB ID: 4CORgdifor the molecular docking was valid.

4.6.2 Molecular Docking

The five binding sites of the benzamidine molec@leB, C, D and E, complexed with
the crystal structure of the target protein (PDB MCOF) were used for docking analysis.
Benzamidine is an agonist for the human GABA remefit7] and hence its binding site was
used as a reference for the molecular docking aisalyrable 8 lists the molecular docking
results of MNPE and human GABA receptor. Bindirtg € which is the reference site for BEN
C in the original crystal structure had the hightesal docking score value which implies that
MNPE exhibits the best binding affinity towards tiaeget protein within this binding site. The
total score value is the sum of the Hydrogen Bdt#B)(score, the Steric Interaction (SI) score
and the ligand penalty conformation. It was alsedgted that the ligand in binding cite C has
the lowest ligand conformation penalty value (7)940d the most negative steric interaction
score (-59.781) among the different binding sitésur types of favorable interactions (Fig. 11)
between MNPE and the target protein could be astaddl. The favorable interactions between
MNPE and the target protein included conventionalrbgen bonding with amino acids THR
202 and GLN 64z-n stacking andr-alkyl interactions with PHE 200, TYR 62 and TYRS520
and carbon hydrogen bond with ASP 43 and TYR 1%7. (F).

12



4.6.3 Binding Mode Conformation

The molecular docking analysis involved the genematof five low energy
conformational scenarios known as_poses. Unlikalleegconformations, a pose structure is
dependent on the target protein. Each pose wasrsmteagainst the target protein in each of the
five binding sites, A thru E. The binding mode aarmfiation of MNPE in a binding site C have
shown the best binding affinity (Fig. 11). Duringolecular docking analysis, the molecule
orientated itself such that there exist an intragoolar hydrogen bonding between one of the
hydrogens of the piperazine ring and the oxygeth@fcarbonyl group. The comparison between
the most stable conformer (B4) and the best bindoge from the molecular docking analysis is
depicted in Fig. 12. It was evident that the dockede and most stable conformerMiNPE
were similar with respect to the position of theimas functional groups except that the structure
of the binding pose is contracted due to the psen intramolecular hydrogen bonding along
with its orientation of the flexible bonds in th®lecule. The difference in the structure of the
binding pose arises because in molecular dockiegrblecule would orientate itself such that it

best-fit into the binding pocket of the target pintto ensure adequate binding.

4.7  Vibrational Assgnmentsof the R and Raman Spectra

Understanding the detailed infrared and Raman fesitof newly synthesized, biologically active
molecules is essential for tracing purposes asagefjaining advanced structural comprehension.
In order to further elaborate on the vibrationaapal properties of MNPE, the calculated scaled
wavenumbers, observed IR, Raman bands and detélletional assignments for MNPE were

provided in table 5.

4.7.1 NO, Modes

According to literature, the NOstretching modes are normally observed in theoregyi
1580 + 80 (asymmetric) and 1330 + 30 tigsymmetric) [57]. For the title compound, MO
stretching modes are assigned at 1502, 1316 ionmthe IR spectrum, 1492, 1308 ¢nin the
Raman spectrum and at 1495, 1307 dfmeoretically with PEDs 66 and 49%. Both the modes
possess a high IR intensity and the mode at 1307 lems a high Raman activity. Mary et al.
reported the N@ stretching modes at 1429, 1363 (DFT), 1435, 1388, (1435, 1367 ci

(Raman) [58]. The N@deformation modes (scissoring, out-of-plane waggin-plane rocking
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and torsion) are expected in the regions 855 +74D, + 30, 540 + 30 and 70 * 20 ¢m
respectively [57]. The bands at 844, 808'dmthe Raman spectrum and 842, 807 and 549 cm
(DFT) are assigned as the deformation modes oNggroup for MNPE. These modes have
39, 38, 47% PEDs, and the first two modes possessdaum-strength IR and Raman intensities.
The reported values of the NM@eformations modes are: 778, 692, 533 (DFT), B22, (IR),
773 cm' (Raman) [58] and at 800, 727, 534 (DFT), 809, BZA cni" (experimentally) [59].

4.7.2 C-O-C and C=0O Modes

The C-O-C stretching vibrations are expected inrdreges, 1310-1110 and 1050-1010
cm® [57], [60]. In the present case the C-O-C strieigimodes are assigned at 1240, 1008 cm
theoretically with a PED of 40% and correspond eixpentally to 1010 cr in the IR and 1242
cm™ in the Raman spectra. Maey al. reported the C-O-C stretching modes at 1042, 1988,
cm? in the IR spectrum and at 1135, 1132, 1080, 10442, 984 cri theoretically [61].
Moreover, the C=0 stretching mode in MNPE is assigat 1648 cf in IR, 1649 crit in
Raman and 1655 chtheoretically which is in agreement with the expedaegion of 1750-1600
cm® [57], [62], [63]. The_carbonyl stretching modepiedicted to have minimum coupling from

other modes with a PED of 75% and of high infraemad Raman intensities [57].

4.7.3 CH3; Modes

For the title compound, the GKtretching modes are assigned at 2977, 2944inrthe
infrared spectrum, 3032, 2950, 2900 tin the Raman spectrum and in the range 3030-2895
cm® theoretically. The deformation modes of the metgsdups of the title compound are
normally highly coupled with other bending modas.MNPE the infrared bands observed at
1430 and 1339 cthand Raman lines observed at 1428, 1159, 970 ama assigned as GH
deformations (Table 5). The corresponding thecaktialues are in the range 1443-1338%cm
(scissoring) and 1161-967 &nfrocking) [57].

4.7.4 C-N and C-C Modes

The C-N stretching modes_are observed in the ra8§e-1000 cni [62], [63] and for
the title compound these modes are assigned at 1078 cnf in the IR spectrum, 1224, 1077
cm’ in the Raman spectrum and at 1220, 1185, 1074tbeoretically with PEDs of 44, 41 and

14



36%, respectively. El-Azabt al. [43] reported the C-N stretching modes at 1232611108,
966 cm' in the IR spectrum, 1232, 1149, 1108, 967" dmthe Raman spectrum and in the range
1235-965 crif theoretically. For the title compound the C-C tsfeng mode is assigned at 904

cm™ in the Raman spectrum and at 902 dimeoretically as expected [63].

4.7.5 Piperazine Ring Modes

The CH stretching modes in the piperazine ring could $sgmed to 3014, 2977, 2876,
2820 cnt in the infrared and to 2999, 2981, 2885, 2843 imthe Raman spectra. El-Emam
al. [39] reported stretching GHvibrations in the piperazine ring in the range 3@834 cnf.
Renijithet al.reported the Chstretching modes in the piperazine ring at 298662 2965, 2923
cm’ (theoretical), 2990, 2923 ¢h(IR) and 2988, 2924 cin(Raman) [64]. The corresponding
deformation modes could be assigned to 1363, 12028, 1092, 1036, 829 ¢hin the IR and to
1452, 1364, 1333, 1242, 1224, 1196, 1091, 1040,c829in the Raman spectra. According to
H. L. Spell [65] the CH deformation modes associated with the piperazimg are usually
observed ass harp, well defined absorptions at-1388 cnt, 125-1170 crii and 1050-1025
cm’® regions in the infrared spectrum. It prompted ausgsign the strong peak observed in the
infrared spectrum of MNPE at 1363 ¢niFig. 2) to the Chlwagging mode of the piperazine
ring in agreement with the DFT value (1361 9mFurthermore, another intense band observed
at 1036 crit in the IR spectrum was assigned to the ring @¢king vibration, in consistency
with previously reported finding da Sihet al. [66]. According to H. L. Spell [65], this is oné o
the key bands useful for the detection of the presef di-substituted piperazines.

Piperazine ring stretching modes in MNPE could bseoved at 1131, 960, 697 ¢rin
the ir spectrum and at 1196, 1018, 954, 904, 701 ionthe Raman spectrum. The PED analysis
predicts these modes in the range 1193-699. dRenjith et al. reported the piperazine ring
stretching modes 1099, 985, 930 Ttin the IR spectrum, 1100, 924, 905 tim the Raman
spectrum and 1159, 1098, 1020, 982, 924 and 914 thevretically [64]. The C-C stretching
vibrations in the piperaizne ring were previoustparted at 972 and 903 &ni68] while the C-
N stretching modes were reported in the range 7B&4en' [58].

4.7.6 Phenyl Ring Modes

15



The C-H stretching modes of the phenyl ring areeeted above 3000 ¢h{57] and, for
the title compound, the bands at 3118, 3078 ¢Reman) and 3120, 3094, 3081 t(DFT) are
assigned as the C-H stretching vibrations of thenghring. The phenyl ring stretching modes
are assigned at 1574, 1550, 1476, 1288 amthe IR spectrum, 1577, 1392 ¢rin the Raman
spectrum and at 1576, 1553, 1473, 1391, 1291 tmoretically which are expected in the
region 1250-1600 ct[57]. The ring breathing mode of the phenyl rin@ssigned at 1010 €m
in the IR spectrum and at 1008 Ctrineoretically as reported in literature [57], [6The reported
values of the ring breathing mode of poly subsgiiuphenyl ring at 978 ¢ [43], 1025 crit in
the Raman spectrum and 1032 trheoretically [68]. The C-H in-plane and out-o&pe
bendings of the phenyl ring are expected above kmidw 1000 cii [57] and for the title
compound, the bands at 1258, 1073'iR), 1077 crit (Raman), 1257, 1146, 1074 ¢DFT)
and 932, 801 cth(IR), 935, 799, 789 cth(DFT) are assigned as the in-plane and out-ofeplan
CH deformation modes, respectively.

5. Conclusions

The synthesis and vibrational spectroscopic prageert of  1-(4-(3-methoxy-4-
nitrophenyl)piperazin-1-yl)ethanone (MNPE) haverbaecomplished. MEP studies revealed the
most reactive sites in the molecule. The low HOMOMO energy gap is associated with the
high chemical reactivity and existence of chargagfer within the molecule. ALIE surfaces
indicated that significant reactive centers, préoeelectrophilic attacks, could be located at
carbon atoms_of the benzene ring, nitrogen atotheipiperazine moiety and oxygen atoms of
the nitro group. Bond dissociation energy valuebyairogen abstraction indicated that MNPE is
highly stable in open air and in the presence ofger, however, the calculated RDF curves
revealed that MNPE is dissociable in aqueous systd&ime molecular docking analysis showed
that binding site C had the best binding affindwards the GABA receptor
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LIST OF TABLES

Table 1. Confor mations and relative energies of thetitle compound

Conformation

Relative energy (kcal/mol)

Computational Method | B3LY P/6-311G(d,p) B3LYP/6-311++G(d,p)
Al 0.127 0.137
A2 0.107 0.126
A3 0.434 0.474
A4 0.174 0.188
Bl 0.283 0.298
B2 0.286 0.319
B3 0.258 0.29
B4 0.000 0.000
C1 1.271 1.591
C2 15 1.837
C3 1.627 1.975
C4 0.89 1.236
D1 1.205 1.523
D2 1.475 1.811
D3 1.645 1.995
D4 0.972 1.318




Table 2. Bond lengths of selected atoms

Models | N15s-O37 | N1-Cg | Cg-O13 | O13-O37 | Ni-C7 | Ng-Cy | Ci6-O17
Al 1224 | 1.462| 1.346 2665 1.399| 1.378 1.222
(1.223) | (L464) | (1.346) | (2.64) | (1398) | (1L379) | (1.22)
A2 1.225| 1461 | 1345 2644 | 1398 | 1377 1.222
(1.223) | (L464) | (1.345) | (2.622) | (1397) | (1.379) | (1.22)
A3 1.232| 1463 | 1.347 2651 | 1.399| 1378 1.222
(1.23) | (1.465) | (1.346) | (2.627) | (1.398) | (1378) | (1.219)
A4 1.232 146 | 1.346 2657 | 1.397| 1378 1.222
(1.231) | (1.463) | (1.346 | (2.634) | (1.396) | (1L.379) | (1.219)
B1 1224 | 1.462| 1347 2666 | 1.399| 1378 1.222
(1223 | (1.465) | (1.347) | (2.64) | (1.399) | (1.379) | (1.219)
B2 1.225| 1.461| 1.346 2643 | 1.397| 1.378 1.222
(1223 | (1464 | (1.346 | (2.621) | (1.397) | (1.379) | (1.219)
B3 1232 | 1.462| 1.346 2651 | 1.398| 1.378 1.222
(1223 | (1.465) | (1.346) | (2.627) | (1.398) | (1379) | (1.22)
B4 1.232 146 | 1.346 2657 | 1.397| 1377 1.222
(1231) | (1463 | (1345 (2.635) | (1.397) | (1.379) | (1.22)
C1 1.23| 1456| 1.353 2888 | 1.394| 1378 1.222
(1.229) | (1.458) | (1.354) | (2.864) | (1393 | (1.379) | (1.219)
Cc2 123 | 1456 | 1352 289 | 139 | 1.378 1.222
(1.229) | (1.458) | (1.353) | (2.865) | (1.395) | (1.379) | (1.22)
C3 1.23| 1456| 1354 2882 | 1.393| 1.378 1.222
(1.228) | (1.458) | (1.355) | (2.858) | (1.392) | (1.379) | (1.219)
C4 123 | 1455| 1352 2896 | 1394 | 1378 1.222
(1228 | (1457) | (1.352) | (2.877) | (1L393) | (1379) | (1.22)
D1 1.23| 1456 1.353 2888 | 1394 | 1378 1.222
(1229 | (1.458 | (1.354) | (2.864) | (1.393) | (1.379) | (1.219)
D2 1.23| 1456 | 1.353 2888 | 139 | 1378 1.222
(1.229) | (1.458) | (1.353) | (2.864) | (1.395) | (1.379) | (1.22)
D3 1.23| 1456| 1354 2882 | 1.393| 1.378 1.222
(1.228) | (1.458) | (1.354) | (2.859) | (1.392) | (1.379) | (1.219)
D4 123 | 1455| 1.352 2897 | 1.394| 1378 1.222
(1.228) | (1457) | (1.352) | (2877) | (1.394 | (1.379)| (1.22)




Table 3. Bond angles of selected atoms of the confor mation

Model | O1-N2-O3 | O3-N2-Cy4 | Cg-C7-N1g | C15-N1g-Ci1 | C1p-Ni3-Cig | O17-Ci6-Cis
Al 124.2 117 122.1 112.1 119.6 121
(1244) | (1169) | (1222)| (1122)| (1195) (121)

A2 124.1 117 120.5 112.3 119.9 121
(1242) | (117)| (1205)| (1124)| 1197)| (1211

A3 124.2 118.8 120 112.1 119.7 121
(1243)| (1188)| (1199)| (1121)| (1195) (121)

A4 124.1 118.8 121.5 112.3 119.7 121
(1243)| (1188)| (1215)| (1124)| (1195) (121)

Bl 124.3 117 122 112.1 125.9 121
(1244) | (1169)| (1221)| (1122)| (1262 (121)

B2 124.1 117 120.3 112.2 125.9 121
(1242) | (1169)| (1203)| (1123)| (126.3) (121)

B3 124.2 118.8 119.9 112.1 125.9 121
(1243)| (1188)| (1199)| (1122)| (1263) (121)

B4 124.1 118.9 121.4 112.4 126.2 121
(1243)| (1188] (1214 (1124 | (1265 (1211

C1 123.9 117.9 122.1 112.4 119.7 121
(124)| 78| (1222 (1126)| (1195 (121)

C2 1239 117.9 120.5 112.3 119.8 121
(124)| (1178)| (1205)| (1123)| (1196) (121)

C3 123.9 118.2 121.3 112.6 119.8 121
(124)| (1181)| (1213)| (1127)| (1196)| (12L1)

C4 123.9 118.1 121.8 1125 119.7 121
(124) | (1181)| (1218)| (1126)| (1196) (121)

D1 123.9 117.9 122 112.4 125.9 121
(124) | 79| (1221)| (1126)| (1262)| (1211

D2 123.9 1179 120.5 112.3 126.1 121
(124)| 178 | (1205)| (1123)| (1264)| (1211

D3 123.9 117.9 121.7 112.7 119.9 121
124)| 81| (1212)| @128 | (1265 | (1211)

D4 123.9 118.1 121.7 1125 126.1 121
(124)| (1181)| (1217)| (1125)| (1264 (121)




Table 4. Dihedral angles of some selected atoms in the 16 possible confor mations

Model | 037-N35-C10-Co | O36-N15-Ca0-Ci1 | Cg-C-N1-Cs | C5-Ny-Ci6-Cis
Al 23.37 23.9 -6.6 6.59
(27.43) (28.65) (-5.22) (8.24)
A2 19.28 20.68 42.89 4,52
(23.67) (25.54) (42.51) (5.78)
A3 22.44 21.35 44.59 6.48
(25.84) (27.59) (43.7) (7.9)
A4 22.38 21.86 -6.21 6.29
(27.04) (25.64) (-5.07) (7.85)
B1 23.55 24.14 -6.76 -175.8
(27.71) (28.97) (-5.34) (-175.26)
B2 19.48 20.85 42.84 -175.95
(23.84) (25.7) (42.52) (-175.38)
B3 22.19 21.08 44.13 -176.21
(27.26) (25.51) (43.33) (-175.46)
B4 22.34 21.84 -5.87 -176.34
(27) (25.61) (-4.74) (-176.40)
Cc1 26.62 22.96 -4.8 6.86
(29.64) (26.43) (-4.09) -8.24
c2 26.62 23.89 41.91 5.88
(29.66) (27.34) (41.93) (7.1)
Cc3 23.08 25.81 31.67 6.57
(28.86) (26.65) (-1.61) (-4.96)
Ca 23.8 27.33 -6.29 5.87
(26.77) (29.65) (-5.51) (7.22)
D1 26.67 23.03 -4.83 -175.52
(29.65) (26.45) (-4.03) (-175.11)
D2 26.56 23.81 40.98 -176.5
(29.58) (23.81) (40.8) (-175.87)
D3 23.1 25.84 31.17 -175.84
(28.72) (26.52) (-2.22) (-187.62)
D4 23.83 27.37 -5.88 -176.19
(26.83) (29.71) (-5.08) (-176.64)




Table 5. Calculated scaled wave numbers, observed | R, Raman bands and assignments of

thetitle compound

B3LYP/6-311++G(d,p) (5D, 7F) | IR Raman | \ oo ents,
v(cm™) IR, Ra v(em?) | v(em?)

3120 | 169 | 4438 vCHI(99)

3094 4.66 112.93 - 3118 | vCHI(99)

3081 4.65 38.68 - - vCHI(98)

3030 6.99 86.1 - 3078 | vCH3(99)

3024 138 | 124.33 ! 3032 | vCH4(91)

3014 | 1384 | 97.07 : - | vCHA(97)

3013 5.46 722 | 3014 | vCHa(98)

3011 877 | 4283 i - | vCH(95)

2979 | 1507 | 47.35 : 2999 | vCH5(96)

2976 10.16 43.68 2977 2981 | vCH3(99)

2956 29.15 42.82 2977 - vCH3(100)

2920 6.4 158.49 2944 2950 | vCH3(100)

2895 42.63 152.5 - - vCH3(100)

2887 55.9 104.31 - 2900 | vCH>(93)

2877 | 4261 | 7125 i 2885 | vCH4(92)

2841 69.12 267.53 2876 - vCH,(95)

2838 26.23 25.36 - 2843 | vCH5(95)

1655 | 417.22 | 2008 | 2820 _ [vc=05)

1576 | 4926 | 21272 | 1648 | 1649 |vuPhi(59), 5CHI(14)
1553 252.25 41.74 1574 1577 | vPhi(41), vNO,(16)
1495 175.89 31.98 1550 - VNO,(66)

1473 65.07 18.48 1502 1492 dCHI(28), vPhi(49)
1448 6.46 20.87 1476 - dCH,(83)

1443 | 1135 331 ; 1452 | 5CH,(48), 5CH3(37)
1441 | 4944 | 598 i | 5CH3(56), 5CH,(27)
1438 9.44 11.6 - - dCH3(99)

1437 20.68 3.64 - - dCH,(68), 6CH3(23)
1432 5.59 5.86 : - | sCHu(84)

1429 24.57 0.68 - - dCH3(56), 6CH,(19)
1427 5.64 1067 | 1430 | 1428 | 8CHa(51), 5CH4(39)




1418 11.1 6.29 - - dCH3(78), 6CH,(14)
1396 272.94 4.57 - - vCN(41), 6CH»(20), vPhll(11)
1391 51.48 25.46 1400 - dCH3(22), vPhlI(52), 6CHI(19)
1361 29.39 8.14 - 1392 | 3CHy(62)
1355 15.77 6.35 1363 1364 | 3CHy(73)
1343 21.43 2.26 - - dCH,(51), vCN(11)
1338 15.45 4.95 1339 - dCH3(62), 6CH,(11)
1335 4.93 21.07 1339 - 0CH(53), 6CH3(17)
1319 13.94 25.14 - 1333 | 3CHy(75)
vNO,(49), vCN(11), vPhi(20),
1307 369.53 605.65 - - dCH2(10)
1291 212.78 91.72 1310 1308 | vPhi(45), vINO,(10)
1261 75.88 11.49 1288 - dCH(53), vPhll(17)
1257 37.56 12.93 - - dCHI(46), vPhi(13)
1240 282.66 168.39 1258 - vCO(40), 3CH,(43)
1220 268.29 63.25 - 1242 | 3CH3(39), vCN(44)
1198 46.22 18.12 - 1224 | 3CHy(41), vPhll(14)
1193 144.21 11.38 1202 1196 | 6CHy(48), vPhll(45)
1185 231.16 9.44 - 1196 | 3CH,(46), vCN(41)
1161 3.96 8.7 1178 - dCH3(53), 6CHI(10), vPhi(11)
1146 6.14 7.25 - 1159 | 6CHI(40), 6CH3(19), vPhI(15)
1128 41.36 4.7 - - vPhl1(68)
1119 0.76 2 1131 - 0CH3(94)
1088 6.79 3.47 - - dCH>(40), tPhll1(10), vCN(11)
1074 112.68 77.08 1092 1091 | vCN(36), 5CHI(40), vPhi(11)
1034 8.76 5.27 1073 1077 | 6CH>(50), 8CH3(10), 6Phll(10)
1027 11.45 3.91 1036 1040 | 3CHy(56), vPhll(13)
1020 26.42 54.01 - - vPhll(52), vCO(11)
1009 2.46 0.67 - 1018 | 3CH3(76), yC=0(18)
1008 48.37 18.85 - - vCO(40), vPhI(45)
967 72.77 0.68 1010 - d0CH3(43), vPhl1(16)
956 100.35 0.76 - 970 | vPhlI(56), 5Phl(22)
942 8.18 1.5 960 954 | vPhlI(53), 6Phl(24)
935 9.15 0.37 - - yCHI(86)
902 5.74 2.35 932 - vCC(44), vPhl(44)




842 1239 | 24.42 - 904 | SNO,(39), 5PhI(19), vPhl1(13)
827 6.2 4.32 - 844 | 3CH(62)
807 1769 | 14.09 829 829 | SNO,(38), vPhll(12)
799 40.12 1 - 808 | yCHI(51), tPhl(21), yCN(11)
yCHI(54), yCO(10), tCN(18),
789 1.93 5.3 801 - | PhI(12)
733 12.62 257 - - | yCN(54), yCHI(21), tPhI (10)
699 10.3 22.31 728 731 | vPhlI(42), yCN(12)
692 453 3.28 697 701 | 3Phi(40), tPhi(25)
680 8.5 8.97 - - tPhi(41), YCN(12)
yCN(18), 5Phi(15), yCO(19),
646 15.24 3.83 - - SPhl1(24)
627 8.13 17 651 650 | yCO(26), YCN(15), TPhl(15)
594 6.65 4.37 620 620 | 5C=0(43), 5Pnl1(10), SCN(10)
578 9.37 3.56 592 596 | yC=0(20), 5C=0(17), 5Phl1(38)
567 7.9 1.44 - - | yC=0(46), 5CH3(31)
549 4 7.1 566 567 | 3PhI(25), SNO(47)
497 1.49 2.09 - - SCN(25), 3Phl1(24), 5Phi(18)
461 0.22 0.91 - 501 | SCN(46), PhlI(11), tPhl(10)
457 3.35 17 - 464 | 3Phil(44), SCN(10)
452 9.7 7.8 457 - tPhi(44), yYCN(25)
416 2.42 5.7 - 444 | 3CN(38), tPhl(20)
400 4.3 5.19 414 414 | 3CO(39), SCN(23)
381 1.27 1.48 ) - | tPhlI(60)
362 1.24 0.56 - - 5Phl1(27), 5Phl(38), 5CN(15)
305 1.32 7.66 - - | tPhI(20), yCN(27), 5CN(10)
289 11.08 0.62 - 306 | tPhiI(38), SCN(39)
273 20.06 4.46 - 286 | tPhll(41), YCN(12), SCN(24)
257 3.19 2,58 - - 1CH2(46), TPhl(26)
232 4.81 111 - - | tPhlI(22), yYCN(16), TCH3(11)
212 0.32 4.69 - - 5Phl(31), 5Phl1(39)
188 3.78 1.68 - - | tPhI(37), tCH3(26)
183 1.13 1.24 - 190 | 3CN(40), TPhl(10), tPhl1(10)
165 1.02 3.96 - - 3CO(31), tPhl1(23), SCN(15)
160 0.36 0.19 - 163 | 3CH4(74), tCH3(16)
115 0.66 13 - - | tPhi(22), yCN(22), tPhi1(10)
98 3.56 1.11 - - | 1C=0(54), 1CH4(17)
87 37 0.76 - 102 | 1CO(61), tCH4(22)




75 2.38 0.85 - - | yON(31), 5CN(23)

51 3.26 3.53 - - | tCN(27), yCN(23), tPhi(10)
45 0.85 2.04 - - | tCN(53), tPhI(13)

34 5.36 0.84 - - | CNGE8)

16 2.86 1.1 - yCN(56), tPhl1(10), tC=0(10)

%-stretching; 8-in-plane deformation; y-out-of - plane deformation; t-torsion; Phl-phenyl ring;
PhlI-piperazinering.




Table 6. Second-order perturbation theory analysis of Fock matrix in NBO basis

corresponding to the intramolecular bonds of the title compound

Donor(i) | Type | ED/e | Acceptor(j) | Type ED/e E?* | EG)-EG)" | F@i,)°
C2-C3 o 1.984 N1-C7 o] 0.029 | 2.480 1.080 | 0.046
- - - N4-C16 o 0.084 | 2.360 1.100 | 0.046
N4-C16 o 1.989 C3-N4 o] 0.028 | 1.410 1.160 | 0.036
- - - N4-C5 o 0.028 | 1.450 1.160 | 0.037
C5-C6 o 1.983 N1-C7 o] 0.029 | 2.720 1.070 | 0.048
- - - N4-C16 ol 0.084 | 1.930 1.090 | 0.042
C7-C8 o 1.983 N1-C2 odd 0.026 | 2.440 1.030 | 0.045
- - - N1-C7 ol 0.029 | 1.490 1.150 | 0.037

- - - C7-C12 o] 0.023 | 3.550 1.250 | 0.060

- - - C8-C9 o] 0.025 | 3.150 1.260 | 0.056

- - - C9-013 ol 0.026 | 3.680 1.090 | 0.057

- LS 1.669 N1-C2 olJ 0.026 | 1.360 0.590 | 0.027

- - - C7-C8 nC 0.425 | 1.360 0.280 | 0.018

- - - C9-C10 Ll 0.470 | 27.600 0.270 | 0.080

- - - C11-C12 ] 0.308 | 12.790 0.290 | 0.055
C8-C9 o 1.975 N1-C7 olJ 0.029 | 3.590 1.170 | 0.058
- - - C7-C8 ol 0.022 | 3.470 1.270 | 0.059

- - - C9-C10 ol 0.031 | 3.970 1.250 | 0.063

- - - C10-N15 o] 0.098 | 4.220 1.030 | 0.060
C9-C10 LS 1.975 C7-C8 ] 0.425 | 13.940 0.280 | 0.056
- - - C9-C10 ] 0.470 | 2.240 0.280 | 0.023

- - - Cl1-C12 i 0.308 | 25.160 0.300 | 0.079

- - - N15-037 Ll 0.623 | 23.880 0.170 | 0.060
C10-N15 o 1.989 C8-C9 olJ 0.025 | 1.540 1.350 | 0.041
- - - C9-C10 olJ 0.031 | 1.540 1.350 | 0.041

- - - C11-C12 olJ 0.014 | 1.700 1400 | 0.044
N15-037 m 1.986 C9-C10 nC 0.470 | 3.240 0.450 | 0.039
- - - N15-037 ] 0.623 | 7.100 0.340 | 0.052
C16-C18 () 1.987 N4-C5 o] 0.028 | 4.040 0.980 | 0.056
LPN1 o 1.763 C2-C3 olJ 0.022 | 1.990 0.630 | 0.033

- - - C5-C6 ol 0.019 | 1.910 0.640 | 0.033

- - - C7-C8 o] 0.022 | 1.880 0.830 | 0.037

- - - C7-C8 i 0.425 | 32.390 0.290 | 0.090
LPN4 o 1.696 C2-C3 o] 0.022 | 4.030 0.610 | 0.048

- - - C5-C6 o 0.019 | 3.890 0.620 | 0.047

- - - C16-017 i 0.281 | 62.420 0.280 | 0.118
LPO13 o 1.962 C8-C9 ol 0.025 | 7.580 1.100 | 0.082




- LS 1.815 C9-C10 ] 0.470 | 35.280 0.330 | 0.104
LPO17 o 1.976 N4-C16 o] 0.084 | 1.970 1130 | 0.043
- - - C16-C18 ol 0.055 | 1.930 1.050 | 0.040
- LS 1.864 N4-C16 ol 0.084 | 26.340 0.700 | 0.123
- - - C16-C18 ol 0.055 | 20.040 0.620 | 0.101
LPO36 o 1981 | C10-N15 o] 0.098 | 4.210 1.090 | 0.062
- - - N15-037 ol 0.060 | 2.410 1.220 | 0.049
- LS 1.898 | C10-N15 o] 0.098 | 12.580 0.580 | 0.076
- - - N15-O37 o] 0.060 | 18.440 0.710 | 0.103
- - - N15-O37 ] 0.623 | 1.100 0.170 | 0.014
- n 1.467 | N15-0O36 ol 0.063 | 1.930 0.690 | 0.037
- - - N15-O37 ] 0.623 | 148.770| 0.150 | 0.137
LPO37 a 1981 | C10-N15 ol 0.098 | 4.280 1.080 | 0.062
- - - N15-O36 o] 0.063 | 2.620 1.200 | 0.051
- LS 1.898 | C10-N15 o] 0.098 | 13.510 0.580 | 0.079
- - - N15-O36 o] 0.063 | 19.690 0.700 | 0.106

®E(2) means energy of hyper-conjugative interactions (stabilization energy in kJ/mol)
PEnergy difference (a.u) between donor and acceptor i and j NBO orbitals

°F(i,j) is the Fock matrix elements (a.u) between i and j NBO orbitals




Table 7. NBO results showing the for mation of L ewisand non-L ewisorbitals

Bond(A-B) ED/e EDA% | EDB% | NBO % p%
0X2-X3 1.984 49.99 | 50.01 | 0.7070(sp>®H)C+ 27.70 | 72.30
- -0.634 - - 0.7072(sp**®°)C 27.77| 7223
oN4-X16 1.989 63.88 | 36.12 | 0.7993(sp> )N+ | 36.89| 63.08
- -0.823 - - 0.6010(sp>*®)C 31.36| 68.64
oX5-X6 1.983 49.27| 50.73|0.7019(sp>®)C+ | 2767 | 72.33
- -0.627 - - 0.7123(sp>*®)C 27.92| 72.08
oX7-X8 1.971 5047 | 49.53 | 0.7104(sp*®Y)C+ 3554 | 64.46
- -0.709 - - 0.7038(sp***)C 3538 | 64.62
nX7-X8 1.669 4212 | 57.88 | 0.6490(sp™*F)C+ 0.01| 99.99
- -0.265 - - 0.7608(sp" ) C 0.00 | 100.00
0X8-X9 1.975 4997 | 50.03 | 0.7069(sp"*)C+ 34.63| 65.37
- -0.720 - - 0.7073(sp>%?)C 38.22| 6178
TIX9-X10 1.625 41.03| 58.97 | 0.6405(sp®)C+ 0.01| 99.99
- -0.269 - - 0.7679(sp)C 0.01| 99.99
0X10-N15 1.989 3823 | 61.77 | 0.6183(sp*?)C+ | 2556 | 74.44
- -0.804 - - 0.7860(sp™"*)N 36.20 | 63.80
nN15-037 1.986 4059 | 59.41 | 0.6371(sp™ )N+ 0.12| 99.88
- -0.438 - - 0.7708(sp>**)0 026 | 99.74
0X16-X18 1.987 4868 | 51.32| 0.6977(sp™"®)C+ 36.26| 63.74
- -0.640 - - 0.7164(sp*"®)C 26.56 | 73.44
niN1 1.763 - - % 6.16 | 93.84
- -0.275
niN4 1.696 - - % 051 | 99.49
- -0.255
n1013 1.962 - - ™% 37.33| 6267
-0.544
n2013 1.815 - - 5 0.01| 99.99
- -0.319
n1017 1.976 - - %" 58.32 | 41.68
- -0.669
n2017 1.864 - - % 0.01| 99.99

-0.240




0.33

n1036 1.981 S 75.03 | 2497
- -0.777
n2036 1.898 ¥ 0.05| 99.95
- -0.269
n3036 1.467 ¥ 0.16| 99.84
- -0.254
n1037 1.981 s> 74.6 25.4
- -0.774
n2037 1.898 ¥ 0.03| 99.97
- -0.267
®ED/eisexpressedin a.u.




Table 8: Thedocking results of the title compound with the human GABA receptor.

Binding HB score | Sl score Ligand Total
Sites conformation | Score
penalty

A -6.000 -53.167 6.611 -52.556

B -5.513 -52.730 6.671 -51.572

C -6.596 -59.781 7.910 -58.468

D -8.628 -51.792 6.624 -53.795

E -5.886 -53.699 6.687 -52.898
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Figure 1. Molecular structure and atom numbering of MNPE.
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Figure 2. The mid-infrared spectrum of MNPE.
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Figure 3. The Raman spectrum of MNPE.
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Figure 4. Calculated stable conformations of MNPE.
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Figure5. (A) Potentia energy scan of Cg-Cgo-O13-Ci4 . (B) Potential energy scan of C-N;-C7-Cg.



Figure 6. (A) Molecular Electrostatic Potential (MEP) map and (B) the LUMO (top) and HOMO
(bottom) diagramsof MNPE.
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Figure 7. (A) Representations of the ALIE and (B) Fukui function surfaces of MNPE.



ACCEPTED MANUSCRIPT

Bond BDE [kcal/mol]

1 93.48
2 96.55
3 114.00
4 118.26
5 116.09
6

7

8

9

102.07
102.81
90.85
86.72
10 93.23
11 68.74
12 65.67
13 83.63
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Figure 9. The plots showing the MNPE molecul e areas that are prone to interactions with water
molecules using RDF.
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Figure 10. (A) The crystal structure of a human GABA receptor (PDB ID: 4COF). (B) The
Ramachandran plot of the crysta structure of ahuman GABA receptor (PDB ID: 4COF).
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Figure 11. (A) Docked conformation of the title compound in binding site C of GABA (PDB ID:
4COF). (B) The molecular interactions of MNPE and amino acidsin binding site C of GABA



Figure 12. (A) Docked conformation of the title compound in binding site C showing the
presence of intra-hydrogen bond (shown as yellow color). (B) The most stable conformation, B4
of the title compound



HIGHLIGHTS

A new bioactive arylpiperazine-based drug has been synthesized and characterized.
Complete vibrational spectroscopic assignments have been performed.

Average Local lonization Energies (ALIE) and Fukui functions were calculated.
Molecular docking predicted a potential anti-stress activity for the newly synthesized
compound.



