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Abstract: The optimised geometry of salt 4-phenyl piperazin-1-ium trifluoroacetate employed through the
combination DFT/B3LYP along with basis set of 6-311G(d, p). The Quantum theory of atoms is used to
calculate nonbonding performance at a bond critical point (BCP). Vibrational analysis of title salt is carried out
on optimized geometry and vibrational assignment is done and also view through gauss view interface.
Correlation factor shows that the given method well explained the geometry of studied salt. The Natural bond
analysis of studied salt describe the mechanism of hyperpolarizability and charge transfer in salt formation. The
Electronic surfaces drown on isodensity surfaces been used to determine electronic properties and chemical
reactivity aspect of title salt. The transport properties like Log P and Log S of 4-phenyl piperazine has been
established in its pharmaceutical behaviour. The biological properties of 4-phenyl piperazine are enumerated
through the online server PASS. The Docking of 4-phenyl piperazine with selected target 5B8U protein been
described and viewed through online facility server Swiss dock. The docking calculation and binding affinity in
4-phenyl piperazine with 5B8U protein shows its drug designing ability in future.
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Introduction bacterial, fungal, and tubercular. Microbial
For better and wider understanding of any infections are becoming problematic due to the
molecules is best to know about insights of its eternal issues of resistance entertained by
guantum chemical aspect which may explore it microbial entity along through antibiotics
in a newer dimension which may also produce hereafter has important to design newer anti-
it in a new computational frame work which infective agents for concerned antimicrobials
may help it in various scaling and simulation agents (Kharb et al 2011). Nowadays molecule
analysis by using various incorporated theories with heterocyclic nuclei plays an important
and systems. The exchange-correlation role in the pharmacological activity of
function incorporates the Density functional microbial infections (Kharb et al 2011). The
theory a better description about energy. The Piperazine ring is heterocyclic with two N
density functional theory shows a better of atoms are hetero atoms having medicinal
description of geometry vibrational analysis, importance (Kharb et al 2012 and Faist et al
electronic properties, charge transfer through 2012). Most Importantly Piperazine
NBO and NLO properties of any chemical derivative is one of the important organic
system (Pandey et al 2013 and Dwivedi et al compounds Piperazine contains a very well
2012). established stable configuration Geometry. It
Therapeutic uses of Piperazine derivatives are showed lot of attention due to its wide
employed in microbial infections with biological applications e.g. drug designing. It
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basically established a support which is been
viewed as a core in dynamic materials
crosswise a diversity of various therapeutic
drugs (Ghorbani et al 2015 and Kulig et al
2007). The piperazine ring has vast and
various role like as a therapeutic antimicrobial
material, an anti-tubercular drugs material and
antipsychotic  supplement, an important
anticonvulsant agent, a well antidepressant
agent, very good anti-inflammatory
supplement agents etc. (Pietrzycka et al 2006
and Patel et al 2013).

In molecule, Piperazine is mostly present as
target CNS receptors, e.g. adrenergic and
dopaminergic (Lopez-Rodriguez et al 2002).
In the Piperazine ring due to the presence of
two N-atoms which that maintain appropriate
pKa, Piperazine acts as a drug candidates
(Soskic et al 1998). The two nitrogen sites
present in the Piperazine ring encourage the
water accessibility which may increase it bio
utility during it vital application. The
Piperazine ring keeping a balance among
pharmacodynamic  and  pharmacokinetic
profiles and also plays a very enthusiastic and
wonder element in the discovery of newer
drugs. In the drug development process, this is
important to design molecules that have a
large affinity for its targets and suitable
physicochemical properties. The synthesis X-
ray crystallographic data of 4-
nitrophenylpiperazine with acids (Prasad et al
2023) namely, 4-phenyl piperazin-1-ium
trifluoroacetate, an organic acid of piperazine
derivative 4- is reported. The optimised
geometry of  4-phenyl piperazin-1-ium
trifluoroacetate has been established through
DFT/B3LYP and 6-311G(d,p) method. The
nature of the interaction was studied by using
QTAIM analysis NBO and NLO behaviour of
a given salt. The biological activity and
docking properties of 4-phenyl piperazin-1-
ium are also reported. It our firm configuration
that this study will definitely provides a
brighter path to established new drugs for anti-
inflammatory in future. The nonlinear optical
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behaviour shows that salt 4-phenyl piperazin-
1-ium trifluoroacetate better liquid crystal
agent in displays.

Computational Details

Initial structure of 4-phenyl piperazin-1-ium
trifluoroacetate was constructed and labed
through a software package Gauss View 6.0.
Designed geometry of 4-phenyl) piperazin-1-
ium trifluoroacetate is labelled and iterated
without having any symmetry constraints. The
entire simulation has been performed on
principal of DFT/B3LYP method (Lee et al
1988, Scott et al 1996 and Hohenberg et al.)
along with 6-311G(d,p) basis set. All
calculations on the title salt have been
performed on Gaussian 09 program package
(Frisch et al 2009). In general, DFT
overestimated calculated frequencies so to
compare it all estimation are scaled through a
scaling factor 0.963 (Pulay et al 1983). The
vibrational ~frequency assignments were
enumerated through GAUSSVIEW’S program
(Dennington et al 2016) incorporated with
symmetry convention. Numerous studies
explained the IR spectra of organic molecules
by B3LYP methods along with a 6-311
G(d,p) basis set. The frontier molecular orbital
HOMO and LUMO are plotted by
GAUSSVIEW’S program.

Geometry Optimization

The chemical formula of title molecule
(C10H14N)*(C2CI302) with  Monoclinic,
P21/c Crystal system, space group symmetry.
The lattice parameters of the title molecule are
a=11.7825A° b=6.6142A° ¢=20.3271A° with
p=104.173°.

The title salt is optimized with help of DFT/ 6-
311 G(d,p) method. The minimum energy of
title salt is -2341.11 a.u. with no symmetry.
The animated optimized geometry of salt
shows a piperazine ring forming chair
conformation. The phenyl ring attached to the
nitrogen of the piperazine ring is shown in
Fig-1. The computed angle between the -NCN
of piperazine ring 38.67° is well matched with
the corresponding observed bond angle. The
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delocalization effect is disturbed in the
benzene ring due to the occurrence of electron-
donating piperazinyl. The substitution of
electron donating on the para position group
on the benzene ring causes disturbance of

()20 Geometry

Fig-1 Optimized geometry of 4-(4-nitrophenyl) piperazin-1-ium trifluoroacetate anions (a) 2D (b) 3D

geometry
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planarity due to this reason C;-Cs and C4-Cs
bonds are slightly elongated however
conjugative bonds are slightly shortened. The
positional disorder of CF; affects the
geometries of the COO—  groups.
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Fig-2 Optimized and Observed Bond length of Title molecule salt

The calculated and observed bond length of
the most stable structure of title salt are
displayed in Fig-2.The calculated bond length
and bond angle are correlated with
corresponding observed values and shown in
Fig-3(a)&(b). The correlation factor for bond
length R?=0.9787 and bond angle R?= 0.9886
shows that our computational technique well-
explained geometry of the title molecule. Let
us check more closely the interaction of 4-
phenyl piperazin-1-ium with dichloroacetate
by using QTAIM analysis.

QTAIM Analysis: To study inter or intra-
molecular interaction of any chemical system
QTAIM analysis (Matta et al 2007) is an
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important method. In QTAIM analysis nature
and strength of any chemical system are
measured by using some topological
parameters at bond critical points (BCP). For
any nonbonding interaction (Koch et al 1995)
electron density (pncep) Should be within the
range of 0.002-0.040 a.u., however Laplacian
(V?poep) Within the range 0.024-0.139 a.u. By
applying this criterion to our system one
nonbonding interaction in between Ozo-Hy7 is
recorded. For this interaction charge density
phep 1S 0.024 a.u., however Laplacian (V2pocp) is
0.114 a.u. The Molecular graphs for
nonbonding interaction are presented in Fig-
3. The nonbonding interaction nature is
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described by Rozas et al. (Rozas et al 2000)
criteria. Based on Rozas et al. criteria for Hos-
O30 bond (V2ppep>0 and H(0.0027)>0)

are weak electrovalent. The strength of
nonbonding interaction is calculated by AEin=
% (Vecp) (Espinosa et al 1998). By using this
formula, the strength of nonbonding
interaction is 4.995 kcal/mol and lies in weak
interactions (Ein<5kcal/mol). (Espinosa et al
1998)
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The nonbonding interaction in salt is
deliberate via Natural bond (NBO) analysis.
All possible acceptor molecular orbitals and
filled donor molecular orbitals can be carried
out using NBO analysis. The lone pair of
Lp(1)03o/Lp(3)O3o with G*(st—H27) stabilized
title molecule by 5.08 kcal/mol confirms
interaction between Oso---H27-Nzs.

R?=0.9886

90

100 110 120 130

Calculated Bond Angle

(b)

Fig-3 Graph plotted in between calculated and Observed bond length (a), bond angle (b)

Electronic Properties

The highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular
orbital (LUMO) plays an significant role in
chemical reactivity and termed as frontier
molecular orbitals. The HOMO energy level
primarily acts as a donor however LUMO acts
as an electron acceptor. The energy required in
the transition of electrons from HOMO to
LUMO orbital is known as the energy gap. The
chemical reactivity of any chemical system is
determined by less energy required in the
transition of electrons from HOMO to LUMO
means chemical reactivity is inversely
proportional to the band gap. As the energy gap
between HOMO to LUMO energy is lesser
means much polarization appears in molecules
less kinetic stable (Bose et al 2011). The HOMO
energy level of the title molecule is at -5.985eV
however LUMO is at -0.484 eV and the energy
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gap 5.501 eV lies within other organic
molecules (Bose et al 2011). The energy gap of
the title molecule is >5 eV shows that the title
molecule is nonreactive. The HOMO and
LUMO plot of title are shown in Fig-4. The
HOMO is located upon 4-phenyl piperazine
however HOMO(MO=72) is distributed over
the phenyl ring. The HOMO is LP (3) F34
electron having 99.97 % p character with
slightly shifted d (0.03%) character. The LUMO
is RY*(1) C1 electron having a mixed character
with s (3.39%), p (87.71%), d (8.90%). The
transition of electrons from HOMO to LUMO
displays electron transfer from piperazine to
phenyl ring.

Several global reactivity of the title salt are
intended (Table-1) by using a appropriate
recipe (Singh et al 2024, Pandey et al 2024
and Pandey et al 2023)
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Figure-4 QTAIM picture of interaction of 4-(4-nitrophenyl) piperazin-1-ium cation interacts
with trifluoroacetate anions Dotted line represents nonbonding interactions Redpoint (RCP)

white point (BCP)

Table-1 Several Electronic reactivity descriptor of title molecule is calculated and listed

Reactivity Index Values (in eV)
I.P.= -Exomo 0.21997
E.A= 'ELUMO 0.01780

_ WBFEA -3.23494
X _PrEA 3.23494
_P—Ea 2.750594
g=1 0.181779

n
o= f_; 1.902292

MESP(Solid)

HOMO MESP(Mesh)

Fig-5 HOMO LUMO MESP(Mesh) MESP (Solid) of 4-(4-nitrophenyl)piperazin-1-ium cation

interacts with trifluoroacetate anions

The electrophilicity index (®) (Lee et al 1989,
Parr et al 1999 and Chattaraj et al 2007) is
basically shows its stability after acquiring an
electronic charge. The electrophilicity index
(o) 1is related to chemical potential and
chemical hardness and is a positive quantity.
The electrophilic species capable of acquiring
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charge form a donor and then the energy
required to stabilize the whole chemical
system is known as chemical potential. The
Chemical potential decides the direction of
charge flow and is a negative quantity.
Molecular electrostatic potential
analysis

(MEP)
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The nucleophilic and electrophonic attack
charge centre of any chemical system is
defined by molecular electrostatic potential
(MEP). The correlation between
physiochemical property and molecular
structure (Padmanabhan et al 2007) is
established by the MEP plot. The strength of
the electrostatic potential of any molecule is
defined according to colour coding e.g. red
means negative electrostatic potential; blue
means the most positive electrostatic
potential and green colour shows zero
potential.  The  electrostatic ~ potential
reductions as

blue>green>yellow>orange>red. The MEP
plot of the title molecule is shown in Fig-5.
The red colour encircled the acetate group
and blue over the piperazine ring of the title
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molecule. The colour coding of the MEP plot
shows that the acetate group of the second
interacting species trifluoroacetate shows the
most electronegative charge centre however
piperazine  ring  shows the  most
electropositive charge centre. The phenyl ring
encircled over yellow colour means inactive
centre.

Non Linear Optical (NLO) behaviour of 4-
phenyl piperazin-1-iumtrifluoroacetate salts
The nonlinear optical analysis for any chemical
structure is defined by several parameters like
dipole moment U, mean polarizability <o>,
anisotropy in polarizability (Aa), order parameters
and first static hyperpolarizability p. The NLO
parameters are computed of 4-phenyl piperazin-1-
iumtrifluoroacetatesalts by using appropriate
formula (Singh et al., 2024, Pandey et al., 2024
and Pandey et al. 2023).

Table-2 Several nonlinear optical values of salt computed by DFT/6-311G(d,p)

Dipole Moment(puotar ) (in debye) I order static hyperpolarizability ()
Lx 5.0335 B 16.1159
Ly -0.1938 Bxxy -3.2384
e -0.1531 Bxyy -22.3535
Lot 5.0396 Byyy -0.4518
Polarizability (o) in esu.( x10-%4) Bxxz 2.0205
Olxx 216.307 Bryz 13.1487
Olxy 0.063 Byyz -1.1534
Oy 141.541 Bxzz -53.9668
Olxz 2.341 Byzz -2.5690
Oyz 6.971 Brzz -5.0300
02z 103.647 Brotai(au) 60.6718806
Olmean 153.8317 Brotai(€SU) 524.162578
(esu)
Oaniso 99.29296 MR(a.u.) 57.51766
S 0.211

* Conversion: for amean; 1 a.u.= 0.1482x10-?*esu, and for Brotai; 1 a.U. = 8.6393x10-33esu

According to Lorenz-Lorentz (Padmanabhan
et al 2007 and Murray et al 1996) molar
refractive index of any molecule is calculated
with help of given equation

MR= 1.33anN
In this equation N is the Avogadro number; o
is the average polarizability.

©SHARAD

The molecular polarizability (o)
polarizability along x and ordinary
polarizibility (ao) molecular polarizibility
along y axis are termed as extraordinary
polarizibility and ordinary polarizability
respectively, By using these parameters
ordered parameter is computed by following
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equation (Verma et al 2005 and Gutsev et al
2012)

S= ge —Ug
C(E+C(,:|
The nonoptical parameters are computed and
presented in Table-2. The dipole moment of
any chemical structure is depending on its
structure and charge distribution. The
computed dipole moment of title molecule is
5.04D which is nearly two times dipole
moment of water mean title molecule better
solvent. The polarity arises due to charge
transfer by donor trifluroacetate species.
By application of applied electric field change
appears in charge distribution along field is
computed by mean polarizability. The
computed average polarizability is 153.83 a.u.
of title molecule.
The nonlinear optical response by application
of applied field is termed as
hyperpolarizability. The charge transfer due to
application of field mean moment of 7 electron
within  molecule is directly related to
hyperpolarizability. The hyperpolarizability of
any system is third rank 3x3x3 tensor. The
Kleinman symmetry component of
hyperpolarizability tensor 27 reduced into 10
components (Colthup et al 1990). The
intended hyperpolarizability of 4-phenyl
piperazin-1-ium trifluoroacetate salts is nearly
59 times of reference molecule Urea. The
intended hyperpolarizability of Lithiated
Graphene Quantum Dot modulated by Li, Na,
are higher than calculated hyperpolarizability
of title molecule (Srivastava et al 2021). The
intended hyperpolarizability is similar with
doping of indigo auxiliary donor, donor and
acceptor (Palwasha et al 2021). The NBO
analysis shows a number of significant n—mn"
appears in title molecule. A significant
interaction of this type seems amnong 7m(Cas-
Ca9)—m"(C26-C29) which stabilize 4-phenyl
piperazin-1-ium trifluoroacetate salts with
3.92kcal/mol. The noteworthy involvement of
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18.38 kcal/mol appears due to charge
handover from m(Cs-C5)—n"(C1-Cs) which
further enhance to 23.62 kcal/mol for n"(Cs-
Cs). The strongest contribution of 54.62
kcal/mol appears due to charge allocation from
1(C1-Ce)—>n"(Cs-Cs). A number of n—mn”
electron moment is accountable for high
nonlinear optical behaviour in 4-phenyl
piperazin-1-iumtrifluoroacetate salts.

The 4-phenyl piperazin-1-iumtrifluoroacetate
salts is better nonlinear optical response so
have a better scope for liquid crystal material
in future.

Vibrational analysis

Title molecule having 34 atoms so it covers
3N-5 (97) modes of vibration. Out of 97
modes of vibration N-1 (33) are stretching
modes and rest are bending modes. The entire
vibrational spectra of title molecule alienated
in two portions. The first portion called
functional group region which area above
1000 cm™ and second part of spectra called
fingerprint region which lies below 1000cm.
The calculated and scaled frequencies IR
along with intensity and modes of vibration
listed in above Table-3.

Some particular scaled modes of vibrations are
deliberated below.

-C-H modes of vibration

The -CH group present on benzene ring and
other portion so -CH stretching modes seems
in vibrational investigation. Generally, C-H
stretching modes seems in among 3000-3200
cm?, (Rastogi et al 2002) which is the
distinguishing region for identification of the
C-H stretching vibration. In present study C-H
stretching vibration are calculated at 3200 cm™
to 2925 cm for title molecule with significant
intensity. A significant polarized mode of
vibration appears at 3063 cm? due to C-H
stretching modes in R1 however less intense
modes appear at 3200 cm™. Another intense
band seems at 2933 cm™ and 2808 cm™ again
owing to C-H stretching modes in R1.
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Table- 3 The scaled calculated IR intensity and Assignment of title molecule

SR.

No. Calculated Freq Scaled Freq Exp. IR Assignment

1 3471 3332 4,98 V(N27-Hzs)

2 3200 3072 8.00 v(C-H)R:

3 3191 3063 32.15 v(C-H)R:

4 3119 2994 14.61 Vas(Ca2-Has)

5 3101 2977 35.34 Uas(H17-C16-H13)+Uas(Hzo-C19-H21)

6 3055 2933 35.63 V(H17-C1g-Hig)+0(H2o-C19-Ha1)

7 2925 2808 109.28 U(sz-Hz3)+U(C13-H15)

8 2478 2379 3638.15 0(O30-Hzs)

9 1817 1745 309.33 Bin(H26-030-C28-Cs1y+0(28-HO29)

10 1650 1584 78.77 Bin(C-H)R1+ u(CC)R1

11 1624 1559 10.33 Bin(C-H)R1+ u(CC)R1

12 1564 1501 21.86 Bin(H26-O30, N27-Has)

13 1537 1476 87.54 Bin((C-H)R1,H15-C13-Hi14)+0(C1-N22)
14 1503 1443 20.31 U(CH2)R:

15 1502 1442 13.13 M(CH2)R2

16 1426 1369 39.67 O(CH2)R:2

17 1424 1367 17.23 D(CH2)R:

18 1388 1332 83.61 Vas(030-C28-Ca1)+Bin(H26-O30) +Pout(C-H)R2
19 1294 1242 32.76 Q(CHz)Rz+1+ u(CO)R;

20 1260 1210 179.84 Bout(C-H)Rz#Bin(C-H)R+0(N1,-C1)
21 1218 1169 376.80 Bout(Faa-Ca1-Fa2)+0(Ca1-ra3, C25.020)
22 1185 1137 345.25 Bout(F34-Ca1-F32-F33)+0(C2s-O30)+1(C-H)R;
23 1045 1003 11.65 Bou(CCC)Ro+1(C-Ho)R;

24 941 903 15457 Bin(C-H)R:+ Pin (CC)R:

25 932 895 12558 Bin(C-H)R:+ Bin (CC)R:

26 789 757 15.37 Bou(COOH)+ Bout(CFs)

27 773 742 44.78 Bou(CCC)R1+ Bout(CH)R;

28 717 688 18,67 [/(CF9)+ (COOH)

29 708 680 36.09 Bou( CCC)R+ Pour(CH)R:

30 538 516 15.77 Bou( CCORI+ Pout(CH)R2

Note:- v-Stretching, vas—Asymmetric stretching, Bin - plane angle bending, Bout - Out-of-plane bending, 1 —

torsion, [1- Sisoring Q-Twisting ®-Wagging.
In middle region of spectra some bending
modes appears incorporate with -C=C
stretching modes of vibration. In in plane -CH
bending modes appears at 1817cm™. The
alteration in structure straight connected with
modification in the incidence and in H-X
stretching important change in wave numbers
and also variation in intensity seems. The
extent in change of wave numbers H-X
stretching is vital limitations to regulate
strength of intermolecular interaction. One
important think noticed that change in H-X
stretching wave numbers is incorporated with
interaction energy. At lower frequency region
CH in-plane bending modes mixing with
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several other modes appears at 1650 cm’,
1559 cm?t due to in-plane -CH bending
however at 1045 cm, 773 cm™ due to out of
plane bending modes appears

Methylene(-CH2) Vibration

The movement of CH, group due to Inner
coordinates procedure six modes of vibrations
like symmetric and antisymmetric rocking,
wagging, scissoring, twisting modes are
reported. Moreover, due to weaker bond
strength symmetric -CH, vibration appears at
lower region of spectra than -CH;
antisymmetric stretching. The -CH, symmetric
stretching modes of vibration appeared among
2900 cm™- 3000 cm™ however antisymmetric
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stretching appeared among 3100 cm™- 3000
cm* due to strong bond strength (Srivastava et
al 2014). The intense polarized peak seems at
2994 cm?, 2977 cm?® with significant
intensity which is due to antisymmetric
stretching however at lower wave numbers
area two adjacent symmetric stretching modes
seems at 2933 cm, 2808 cm™. The in-plane
bending scissoring -CH, modes appears at
1442 cm™ 1443 cm™ with significant intensity.
Two back to back sharp peaks with significant
intensity seems at 1367 cm™,1369 cm™ due to
rocking of -CH,. At very low frequencies
twisting of -CH, along with several mixing
band appears with significant frequencies.
-O-H modes of Vibration

The O-H stretching modes of vibration are
seem in calculations. In most of studied -OH
stretching vibration appears among 3700 cm-
3800 cm* (Sathyanarayana et al 2004). In our
calculation -OH stretching vibration seems at
2478 cm™. In lower frequency region some
mixing band along with -OH bending modes
appears between 1817cm* and 1564cm™,
-C=0 modes of vibration

The modes of stretching vibration appears due
to vibration of both C and O atom with equal
amplitude so shown significant intensity. In
stretching modes of vibration in -C=0 appears
at lower frequency region 1388 cm™ with
significantly high intensity.

-C=C modes of vibrations

The semi-circle stretching known as C-C
aromatic stretch are lies in between 1332 cm™?
to 1650 cm™. At lower wave numbers CC in
plane bending modes appears with significant
intensity. At lower frequency region some out
of plane CCC bending modes which is
described in such a way that every carbon of
sextant going up out of the plane while
intervening carbon of sextant going down of
plane are appears also supported by literature.
Biological Activity and Docking Properties
Firstly, we have discussed several transport
properties of one unit 4-phenyl piperazine by
using ALOGPS2.1 program (Jorgensen et al
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2000) which is depend on electro topological
indices e.g. Log P and Log S. The appraised
Log P (1.54) and Log S (-1.08) recommend
that the 4-phenyl piperazine can travel in cell
membranes. The computed Log S value lies
within -1 to -6 lies within range of 85% drugs.
Some biological activity of 4-phenyl
piperazine are computed by using PASS
software. The PASS forecasts 900
pharmacological properties with help of
molecular mechanisms (Tetko et al 2001). The
forecast of biological activity by PASS server
created on structure-activity dealings (SAR).
The cogency of based on accuracy of in
prediction of biological activities of 46,000
drugs accuracy with 85% whose bioactivities
are experimentally resolute.

The calculated biological activities of 4-phenyl
piperazine by using PASS online server and
are listed in Table-4. The 4-phenyl piperazine
displays good activities against 5 Hydroxy

tryptamine  release  stimulants  (0.905),
Antineurotic  (0.837), Phobic  disorders
treatment (0.835), Nicotinic
alpha6beta3betadalphab receptor antagonist
(0.830), 27-Hydroxycholesterol  7alpha-
monooxygenase inhibitor (0.762), Kidney

function stimulant (0.719) etc.

The docking of 4-phenyl piperazine with
5B8U protein has been performed by using
Auto Dock 4.2 software. In this process grid of
60 A x 60 A x 60 A size was designated for
docking. The swiss dock online server predict
target protein. For this SIMILI code of
optimized geometry of 4-phenyl piperazine is
uploaded on site. The Swiss dock predict
5B8U protein for docking. The X-ray
crystallographic structures of antiviral agent
5B8U were taken from protein databank (https
J/lwww.rcsb.org/) with protein ID 5B8U. In
docking process, first we prepare co-
crystallized bonding coordinate and H.O
molecules were removed from the selected

Protein Data Bank (PDB file)
(https://www.rcsb.org/structure). The bond
orders were allotted, and likely absent
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hydrogen atoms in the PBD structure.
Complete energetic optimization was achieved
in the last modification phase utilizing OPLS3

force field. The Discovery Studio software
used for visualization of interactions of 4-
phenyl piperazine with 5B8U protein.

Polar

@ Unspeciied residue
Water
Hydration site

Distance
* H-bond
*Halogen bond
— Metal coordination
X, Hydration site (displacedp—# Pi-Pi stacking

Q Charged (negative)

o Charged (positive)
Glycine
Hydrophobic

J Metal

=+ Pi-cation
— Salt bridge

Solvent exposure

Fig-6 Molecular Docking picture of 5B8U protein with 4-(4-nitrophenyl) piperazin-1-ium

Table-4 Calculated Biology activity of 4(4-nitrophenyl) piperazin-1-ium for Pa>70%

S N. | Biological Activity Pa Pi

1 5 Hydroxytryptamine release stimulant 0.905 0.005
2 anti-inflammatory 0.889 0.006
3 Antineurotic 0.837 0.011
4 Nicotinic alpha6beta3betadalpha5 receptor antagonist 0.830 0.007
5 Phobic disorders treatment 0.835 0.021
6 Anxiolytic 0.787 0.005
7 27-Hydroxycholesterol 7alpha-monooxygenase inhibitor 0.762 0.008
8 Mucomembranous protector 0.756 0.033
9 Kidney function stimulant 0.719 0.007
10 Polyamine-transporting ATPase inhibitor 0.712 0.011
11 Fusarinine-C ornithinesterase inhibitor 0.717 0.019

The docking procedures use numerous group) with residue PHE126 having bond

counting purposes to assess the binding
affinity of the ligand-receptor complex. In
docking process for energy with each possible
conformation of ligand is computed. The
computed full fitness (FF) score binding
affinity is then utilize binding strength of 4-
phenyl piperazine with 5B8U protein. The
docking of 4-phenyl piperazine with 5B8U
shown in figure-6. In this docking figure one
H-bond appears in between nitrogen (NH:
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length 2.45A°. The computed full fitness score
(732.43a.u.) and binding affinity (AGr=-
6.28kcal/mol) shows that 4-phenyl) piperazine
well dock with 5B8U protein.

Conclusion

In present communication the geometry
optimization of 4-phenyl piperazin-1-ium
trifluoroacetate salt has been done by using
combination of DFT/B3LYP method and 6-
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311G(d,p) basis set. The QTAIM analysis
shows that a nonbonding interaction appears in
between Og-Hz7 which also confirm by NBO
analysis. In salt formation charge transfer from
4-phenyl piperazin-1-ium to trifluoroacetate
species stabilised its electrovalent nature. The
vibrational analysis also confirms this
nonbonding interaction by large polarity arise
during -C=0 stretching vibration with red
shifted vibration. The electronic reactivity
parameters show that reactivity falls in organic
molecular range. Due to appearance of
piperazine ring large polarity arise due to
presence of two N atoms on opposite site of
hetrocyclic ring shows good transport
properties e.g. large Log P and Log S. The
piperazine shows good activity against anti-
inflammatory(0.889), Antineurotic (0.837),
Phobic disorders treatment (0.835) activity, so
to design new anti-inflammatory drug. The
docking Full fitness score, binding affinity of
4-phenyl piperazine with 5B8U protein
established that 4-phenyl piperazine bind well
with 5B8U protein. The whole calculation
performed on monomer in gas phase so ignore
various effects arises in solvent bulk phase.
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