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with the amino acids in the binding pocket.

INTRODUCTION

Pyrazole class of compounds are one of the main groups
of heterocyclic molecules possessing a wide range of applications
in various areas of medicinal and material chemistry. Pyrazole
ring is an important structural moiety found in innumerous
pharmaceutically active compounds [1]. In recent years, pyrazole
derivatives exhibit a wide range of biological activities [2] such
as antimicrobial [3], anti-inflammatory [4], anticancer [5],
antimalarial agents [6], fungicidal [7] and antiviral [8]
activities. Meanwhile, hydrazones are compounds having the
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In present study, the synthesis, structural, quorum sensing inhibition and computational studies of a new N’-{(E)-[3-(3,5-difluorophenyl)- |
1H-pyrazol-4-yl]methylidene }-4-methoxybenzohydrazide are reported. The structure of the synthesized compound was confirmed by |
IR, 'H & “C NMR and mass spectral data. The single crystals of the compound was obtained using ethanol as a crystallization solvent. |
The synthesized compound (C4H4NsOsF;) crystallizes in the monoclinic crystal system, C2/c space group. Various intermolecular interactions
were quantified using a 3D molecular Hirshfeld surface computational method. The 2D fingerprint plots revealed that the H---H (35.9%) |
interactions have a major contribution to the total molecular surface. DFT studies was performed to establish the molecular crystal |
structure of the compound and to study the HOMO-LUMO energies of the compound. The anti-quorum sensing study of the target |
compound on Chromobacterium violaceum (wild type) biosensor revealed that quorum quenching activity at 300 pug/mL. Interestingly, |
quantitative assay exhibited more than 80% of quorum sensing inhibition without interfering cell growth (p < 0.05). Molecular docking |
studies of the compound on CviR protein (PDB: 3QPS8) confirmed the observed activity through strong hydrogen bonding interaction |
|
|

Keywords: Pyrazole, Hydrazone, Crystal study, Hirshfeld study, Quorum sensing inhibition, Molecular docking studies.

basic structure RR,C=NNH,. These are important intermedi-
ates in the heterocyclic chemistry. Hydrazones are well docum-
ented in literature as a framework of organic compounds with
tremendous potential as a target for various biological activities
[9]. They are used as pigments, dyes, intermediates in organic
synthesis and as polymer stabilizers [10]. Hydrazones have
also been shown to exhibit a broad range of biological acti-
vities, including antimicrobial [11], antimalarial [12], anti-
proliferative [13], anti-inflammatory [14], antiviral [15],
analgesic [16], antidiabetic [17] and antihypertensive [18]. It
is also worth to mention several pyrazole embedded hydra-
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zones also possess various biological activities such as anti-
bacterial [19], antifungal [20], anticancer [21], anticonvul-
sant [22], anti-inflammatory [23] and antiplatelet activities
[24].

Since the early 20" century, antibiotics have been the primary
drugs against infections [25]. However, with the continued
emergence of superbugs and untreatable infections, antibiotic
resistance may become a leading concern [26]. Moreover, anti-
microbial agents against classical targets and involving conven-
tional screening methods cannot fundamentally address this
concern. Identifying new targets and developing antimicrobial
agents with new action mechanisms are urgent [27]. Quorum
sensing (QS) is a bacterial communication process that relies
on extracellular signalling molecules called autoinducers [28].
Quorum sensing regulates the survival and pathogenicity of
bacteria [29], which has attracted the attention of pharmaco-
logists and has made QS an important target for new anti-
bacterial drug development [30]. These QS inhibitors, instead
of killing bacteria or inhibiting their growth, quench QS-
regulated pathogenic behaviours, such as toxin production,
biofilm formation, swarming and secretions, which cause
bacteria to lose their ability to cause a disease and to induce
drug resistance [28]. This action mechanism of antimicrobial
agents is greatly different from traditional antibiotics. There-
fore, QS-targeted antimicrobial drugs are regarded ideal anti-
bacterial drugs of future [31].

Based on these observations and in continuation of our
work on quorum sensing inhibition [32,33] and pyrazole deriv-
atives [34,35], in the present study, N'-{(E)-[3-(3,5-difluoro-
phenyl)-1H-pyrazol-4-ylJmethylidene }-4-methoxy-benzo-
hydrazide was synthesized and its structure was confirmed by
single crystal data. Molecular interactions are quantified by
Hirshfeld surface analysis. DFT calculations were performed
to optimize the structure of the molecule with the obtained
crystal structure of the molecule. Further, target molecule was
screened for its quorum sensing inhibition on Chromobacterium
violaceum (wild type) biosensor. Molecular docking studies
were performed to understand plausible mode of action of a
compound through its binding interaction with CviR protein
(PDB 3QP8).

EXPERIMENTAL

Starting materials were purchased from Sigma-Aldrich
(India) and used as such. All the solvents and reagents were
purchased from the commercial vendors in the appropriate
grade and used without purification. Melting points were deter-
mined by an open capillary method and are uncorrected. FTIR
spectra were recorded on KBr pellets using Perkin-Elmer spec-
trum 1000 spectrometer. 'H & *C NMR spectra were recorded
on BRUKER AVANCE II-300 (400 MHz and 100 MHz) spectro-
meter using TMS as an internal standard. Mass spectra were
recorded in Agilent Technology LC-Mass spectrometer. The
elemental analysis was carried out using CHNS Elemental
Vario EL III. The progress of the reaction was monitored by
thin layer chromatography (TLC) on a silica coated aluminium
sheet (silica gel 60F.s,).

Synthesis of (E)-N"~((3-(3,5-difluorophenyl)-1H-pyrazol-
4-yl)methylene)-4-methoxybenzohydrazide (3): To a mixture
of 4-methoxybenzohydrazide (1) (0.199 g, 0.0012 mol) and
3-(3,5-difluorophenyl)-1H-pyrazole-4-carbaldehyde (2) (0.25 g,
0.0012 mol) in absolute ethanol, added catalytic amount of glacial
acetic acid. The reaction mixture was refluxed for 8 h. After the
completion of the reaction (TLC ethyl acetate:hexane; 3:7), the
reaction mass was cooled to room temperature. Solid precipitate
was filtered, washed with water and dried. The compound was
recrystallized by ethanol. Yield: 84%; m.p.: 123-125 °C; FTIR
(KB, Vinax, cm™): 3231 (N-H), 3086, 3020 (=C-H), 2934, 2839
(C-H), 1646 (C=0), 1608 (C=N), 1548 (C=C), 1372 (C-O), 1175
(C-F); 'HNMR (400 MHz, DMSO-ds, & ppm): 13.56 (s, 1H, pyrazole-
NH), 11.57 (s, 1H, O=C-NH), 8.58 (s, 1H, pyrazole-CH), 8.20 (s,
1H, CH=N), 7.90 (2H, d, Ar-Hy.om., J = 8.8 Hz), 7.46 (s, 2H, Ar-
Hor), 7.28 (s, 1H, Ar-H,r), 7.04 (d, 2H, Ar-H, ome, J = 8.4 Hz),
3.82 (s, 3H, OCH3); *C NMR (CDCl;, 400 MHz, 8 ppm): 168.9,
168.8 and 166.5, 166.4 (Ar-Cr), 167.4 (C=0), 167.0 (Ar-Come),
152.6, 145.8, 141.8, 136.6, 134.6, 130.8, 119.8, 118.8, 116.5,
116.2, 108.4, 60.5 (-OCHs); LCMS (m/z): 357.32 (M"+H).

X-ray diffraction studies: Defect free white coloured single
crystal of dimension 0.40 mm X 0.32 mm x 0.33 mm of the
compound 3 was selected for the intensity data collection at a
temperature 296.15 K on a Bruker Proteum?2 CCD diffractometer
equipped with an X-ray generator operating at 45 kV and 10
mA, using CuKo, radiation of wavelength 1.54178 A. Data were
collected for 24 frames per set with different ¢ (0° and 90°),
keeping the scan width of 0.5°, exposure time of 1.2 s, the sample
to detector distance of 50 mm and 26 value at 46.6°. The complete
data were processed using SAINT PLUS [36]. All the frames
could be indexed by using a monoclinic crystal system in the
C2/c space group and the crystal structure was solved by using
the direct method and refined by the full least squire method on
F* using SHELXS and SHELXL [37]. All the non-hydrogen
atoms were anisotropically refined and the hydrogen atoms were
positioned geometrically and refined using a riding model with
Uiso(H) = 1.2 Ueq and 1.5 Ueq. Parameters are refined with
2396 unique reflections of 16009 observed reflections. After
several cycles of refinement, the final difference Fourier map
showed peaks of no chemical significance and the residual is
saturated to 0.0391. The geometric calculations are carried out
using the program PLATON [38]. The visualization of the mole-
cular and packing diagram was generated using the CCDC
software MERCURY [39].

Hirshfeld analysis: The crystallographic information file
(cif) used to estimate the molecular pair wise model energies
between the molecule within the standard cluster of a radius
of 3.8 A at the B3LYP/6-31G (d,p) basis set by Crystal Explorer
17.5 [40]. 3D molecular Hirshfeld surface and 2D fingerprint
plots were produced using the standard value 0.6 to 2.6 A to
represent the d; and d. values in the graph. The total interaction
energy is the sum of classical electrostatic energy (Ecw),
exchange-repulsion energy (E.;), polarization energy (E,q) and
dispersion energy (Ea;), between the molecules of the cluster.
The calculated energies are represented through the constru-
ction of energy frameworks and the size of the tube indicates
the strength of the interaction energy [41-43].
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DFT studies: The density functional theory (DFT) compu-
tation has been executed for the compound 3 using Gaussian
16W package [44]. The molecular structure is used to generate
optimized geometry using crystal structure coordinates (CIF)
as input, in B3LYP/6-311+G(d,p) [45] hybrid level basis set
without any constraints. Further, vibrational frequency calcu-
lation was carried out to confirm whether the optimized structure
is at the minima point on the potential energy surface. The Khon-
Sham frontier molecular orbitals, molecular electrostatic potential
map (MEP) and ground state energy of compound 3 are extracted
from the optimized geometry. HOMO, LUMO, energy gap
and related global reactive parameters (electronegativity, hard-
ness, softness and electrophilicity chemical potential) are esti-
mated with Koopman’s approximation. HOMO, LUMO and
MEP are visualized through Gaussview 6.0.16 software [46].

Quorum sensing inhibition assay

Bacterial strains: Chromobacterium violaceum ATCC
12427 (provided by Robert McLean) used as biosensor for anti-
quorum sensing studies. C. violaceum was maintained in Luria-
Bertani (LB) broth at 30 °C in a rotary shaker incubator for 24 h.

Anti-quorum sensing activity: The quorum sensing inhi-
bition (QSI) assay was performed as reported method with some
modification [47]. Briefly, the sterile paper disc was loaded
with compound 3 and placed into C. violaceum (overnight
culture) pre-seeded LB agar plates. The plates were incubated
at 30 °C for 24 h. After the incubation time, the plates were
observed around the discs for the presence of a clear zone (inhi-
bition of violacein production). The presence of a clear zone
suggests that the inhibition of quorum sensing in C. violaceum
biosensor strain. Vanillin (Himedia, India) was used as a standard
QSI molecule [48].

Quantification of anti-quorum sensing activity: The
QSI of compound 3 was quantified as reported method [49,50]
Briefly, the 24 h grown culture of C. violaceum inoculated to
LB medium along with compound 3 in 10 mL culture tube in
triplicates. The culture tubes were incubated for 24 h at 30 °C.
After the incubation time, 1 mL of C. violaceum culture from
each tube (treated with QSI) was transferred to a microcentri-
fuge tube. Then, it was centrifuged at 10000 rpm for 5 min. The
supernatant was removed and the cell pellet equal volume of
DMSO was added. It was vortexed for 1 to 2 min and centrifuged
at 10000 rpm for 5 min to remove the cells. The violacein cont-
aining supernatants were transferred (200 pL) to 96-well micro-
plates and the absorbance was read with a microplate reader
at a wavelength of 585 nm. The harvested bacterial cell growth
was measured at 600 nm by resuspending inl mL of sterile

HoN—NH
~ \
N o) CHg

Cat. Glac. AcOH

water. The results were compared with respective assay control
(without compound).

Molecular docking study: Molecular docking for comp-
ound 3 was carried out on CviR (Chromobacterium violaceum)
protein (PDB 3QP8). Docking was performed using Drug
Discovery Studio 3.5. The required structure of proteins, as
well as compound 3, was prepared. The prepared proteins were
defined as a receptor molecule by clicking on define selected
molecule as receptor under define and edit the binding site and
by selecting only the ligand part and clicking on define sphere
from receptor site. The prepared receptor input into the receptor
molecule parameter in the CDOCKER protocol parameter
explorer. Each molecule was given as input in other parameters
meant for input ligands and the protocol was run. The CDOCKER
ENERGY of best poses docked into the receptor of the target
compound was calculated.

Statistical analysis: Statistical significance of variance
for quantification of the quorum sensing inhibition activity
was analyzed by one-way ANOVA followed by Tukeys test.
Statistical analyses were performed using Graphpad Prism 5.03
software.

RESULTS AND DISCUSSION

The synthesis of N’-{(E)-[3-(3,5-difluorophenyl)-1H-
pyrazol-4-yl]methylidene }-4-methoxybenzohydrazide (3) is
depicted in Scheme-I. The target compound was synthesized
by the reaction of acid hydrazide (1) with 3-(3,5-difluoro-
phenyl)-1H-pyrazole-4-carbaldehyde (2) in the presence of a
catalytic amount of glacial acetic acid in ethanolic medium.
The structure of the final compound was confirmed by IR, 'H
NMR, "*C NMR and LCMS data.

Formation of N'-{(E)-[3-(3,5-difluorophenyl)- 1 H-pyrazol-
4-yl]lmethylidene }-4-methoxybenzohydrazide (3) was confir-
med by the presence of N-H band at 3231 cm™ and carbonyl
stretching band 1645 cm™. It showed C-F stretching band at
1175 cm™. Tts '"H NMR spectrum showed a singlet at 8 8.28
ppm for the imine proton indicating the formation of a product.
The pyrazole N-H and N-H of hydrazone appeared as two
distinct singlets at 13.56 ppm and 11.58 ppm, respectively.
The pyrazole C-H resonated as a singlet at 8.58 ppm. Three
protons of 3,5-diflourophenyl ring appeared as two singlets at
7.46 ppm and 7.29 ppm, respectively. The protons meta and
ortho to the methoxy group of 4-methoxyphenyl ring resonated
as two distinct doublets centered at 7.90 ppm and 7.04 ppm
respectively. In its *C spectrum, it showed a signal at 8 167.1
ppm corresponding to the C=0 of carbohydrazone. The fluorine-

EtOH, reflux, 8 h

O-CHs

Scheme-I: Synthesis of (E)-N’-((3-(3,5-difluorophenyl)-1 H-pyrazol-4-yl)methylene)-4-methoxybenzohydrazide (3)
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carbon coupling was observed in the target molecule which
shows a 'Jr.ccoupling to give doublet centered at 167.67 ppm
with J =244 Hz and this doublet will further split into a doublet
of doublets (*Jr.c) with J = 13 Hz. It displayed a signal for the
carbons present at meta and ortho to the methoxy group at &
134.6 ppm and J 118.8 ppm, respectively. Methoxy carbon of
aromatic hydrazide moiety appeared at 8 60.5 ppm. Further,
its mass spectrum showed a protonated molecular ion peak at
357.32 in confirmation with the molecular formula C;sH;4sN;O,F,.

Single crystal XRD: Single crystal XRD analysis revealed
that the compound 3 (C4H4NsOgFy) is crystallized in the mono-
clinic crystal system, C2/c with a lattice solvent (ethanol) in
the asymmetric unit. The unit cell parameter are a = 27.1368
(19) A, b=7.9323(6) A, c = 18.5985(13) A, B = 102.288(2)°
and unit cell volume 3911.7(5) A’ with Z = 4. Fig. 1 shows
the ORTEP view of compound 3 with thermal ellipsoidal drawn
at 50% probability and Table-1 depicts the crystal structure
refinement data compound 3. The molecular structure consists
of benzene ring with functional group OCHzis slightly deviated
from the pyrazole ring about dihedral angle of 21.41°, whereas
3,5-dichlorophenyl ring is twisted about dihedral angle of
47.12° which makes the molecule non-planar. The crystal struc-
ture is stabilized by several types of strong intra and intermole-
cular hydrogen bonding interactions. The potential hydrogen
bonds of the title compound are enlisted in Table-2 with symmetry
code. The packing of the molecules along the crystallographic
b-axis, the dotted line s indicating the hydrogen bond inter-
action between the nitrogen atom of the pyrazole ring and
carbonyl oxygen group forms R3(18) supramolecular synthon.
The C-H---Finteraction rendered through hydrogen and fluorine

03

Fig. 1. ORTEP of compound 3 with the thermal ellipsoids are drawn at
50% probability
(A)
I". _I':‘ N.-r'ﬂ
5 I .-‘\i._f .:3_1
N A, v T
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TABLE-1

CRYSTAL STRUCTURE DATA AND
REFINEMENT DETAILS OF COMPOUND 3

CCDC deposit No.
Empirical formula

Formula weight
Temperature (K)
Wavelength (A)

Crystal system, space group
Unit cell dimensions

a

b

©

p

Volume A’

z

Density (calculated) (g cm™)
Absorption coefficient (mm™)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Refinement method
Data/restraints/parameters
Goodness-of-fit on F*
Final [I >20(I)]

R indices (all data)
Largest diff. peak and hole

2070046
CioH4oFN;Op
804.80

296.15

1.54178
Monoclinic, C2/c

27.1368(19) A
7.9323(6) A
18.5985(13) A
102.288(2)°
3911.7(5)

4

1.367

0.902

1680.0
0.40x0.32x0.33
12.898° to 109.726°
25<h<28; -8<k<8
-19<1<18

16009

2396 [R,, = 0.0391]

s

Full matrix least-squares on F?

2396/174/269
1.055

R1 =0.0657, wR2 = 0.1878
R1=10.0680, wR2 = 0.1904

0.53 and -0.38¢ A®

TABLE-2
POTENTIAL HYDROGEN BOND
INTERACTIONS IN COMPOUND 3

D-H--A (A) D-H (A) H-A(A) D-H-A(°
N1-H1A--03% 0.853) 224 2.24(3) 167(3)
N3-H3---02% 0.86 199  2.82003) 162
CI-H1A.--03 0.93 249  3.416(4) 173
C4-H4A---F1% 0.96 249 341705 166
C9-HIA.--03 0.93 249  3.340(4) 152
C19-H19A--02% 0.97 259  3.524(9) 161

(1) 3/2-x -1/2+y,3/2-z, (ii) 3/2-x,3/2-y,1-z, (iii)-1/24x,1/2-y,-1/2+z

of phenyl ring forms R5(8) ring motif interconnects linear 1D
chain to construct the 2D planar sheet is depicted in Fig. 2.

Fig. 2. (A). Packing of the molecules when viewed along b’ axis. The dotted lines indicate the intermolecular hydrogen bond and short
interactions and (B). Non-linearity representation of the compound 3
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Hirshfeld surface analysis: In 3D molecular Hirshfeld
surface analysis of compound 3, the d,om surface mapped over
colour scale -0.22(red) to 1.4 A (blue) and red colour spots
show the dominance of O...H and H...O hydrogen bond inter-
action while blue colour indicates the long and weak contact
shown Fig. 3. The 3D picture of the close contacts shown in
the figure is summarized in a 2D fingerprint plot. The largest
contributor to the total surface is H---H (35.9%) contact and other
significant contacts to the total molecular Hirshfeld surface is
shown in Fig. 4.

The detailed interaction energies between the molecules
of a cluster are resolved into classical electrostatic (E.i), polari-
zation (E,q), dispersion (Egs) and repulsion (E..,) components.
The net interaction energy of compound 3 is E., = -402.5 kJ/
mol with the combination of E.=-253.47 kJ/mol, E,,;=-61.93
kJ/mol, Egs=-333.85 kJ/mol and E.., = 246.767 kJ/mol. The

topological representation of the above energy values along the
b-axis is visualized through the energy frameworks (Fig. 5).

DFT studies: Quantum chemical calculations indicate that
the optimized structure is in good agreement with the crystal
structure of compound 3. The ground state of the optimized
structure is -1418.88 Hartree. The frontier molecular orbitals
are depicted with an energy gap 4.163 eV is shown in Fig. 6.
The HOMO and LUMO are delocalized throughout the skeleton
of compound 3 and not on the lattice solvent. The hardness,
softness, electronegativity, chemical potential and the electro-
philicity values of compound 3 is given in Table-3.

The MEP 3D plot (Fig. 7) reflects the electrophilic and
nucleophilic active sites and provides the information of
hydrogen bond contacts based on the electron density of the
compound 3. The MEP generated with the different colour scale
range (red < orange < yellow < green) indicates electronegativity

Fig. 3. duom (a) shape index (b) curvedness (c) mapped on Hirshfeld surface of the compound 3

o
o

2.89% 2.8/ % 2.8/%%
2.6 2.6 2.6
24 24 24
22 22 22
2.0 2.0 2.0
1.8 1.8 1.8
1.6 1.6 1.6
1.4 1.4 1.4
1.2 1.2 1.2
1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
2.8 28! de 2.8!de
2.6 2.6 2.6
24 24 24
22 22 22
2.0 2.0 2.0
1.8 1.8 1.8
1.6 1.6 1.6
1.4 1.4 1.4
1.2 1.2 1.2
1.0 1.0 1.0
0.8 0.8 13.2% | 0.8
0.6 0.6 d | 0.6
©OONTQRONTO®
OO+ AN

® H-H
B H-F
¥ H-0
®H-C
% C-C
¥ N-H

M Others

Fig. 4. 2D fingerprint plots of compound 3. d; is the closest internal distance from a given point on the Hirshfeld surface and d. is the closest
external contacts. The outline of the full fingerprint is shown in gray
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Fig. 5. Energy frameworks corresponding to electrostatic (red), dispersion (green) and total energy (blue) components of compound 3 viewed

along the b-axis

LUMO

E, = 4.1631 eV

l

9
4 )\
<,
HOMO

Fig. 6. Computed frontier molecular orbital of compound 3 with energy gap

TABLE-3
ENERGY VALUES AND GLOBAL REACTIVE
PARAMETER OF THE OPTIMIZED STRUCTURE 3

Parameter Values
Brave -6.168
BTN -1.998
Energy gap (eV) 4.163
Ionization energy (eV) 6.168
Electron affinity (eV) 1.998
Electronegativity (eV) 4.083
Chemical potential (eV) -4.083
Global hardness (eV) 2.081
Global softness (eV™") 0.480
Electrophilicity index (eV) 4.001

-0.06754 a.u.

0.06754 a.u.

Fig. 7. Graphical view of the 3D molecular electrostatic potential (MEP)
map of compound 3

and electro positivity. The dark red colour concentrated mainly
on C=0 oxygen having a value of -0.06745 a.u. The dark blue
colour is mainly present on lattice solvent (OH group) having
0.06745 a.u. and tend to form intermolecular contact with the
nitrogen of the pyrazole ring. Hence by using MEP results, it
is predicted where the structure interacts with adjacent mole-
cules in the crystal structure [51,52].

Quorum sensing inhibition: The preliminary screening
for quorum sensing inhibition potential of target compound 3
was carried out through the disc diffusion assay. C. violaceum
was used as a biosensor to understand the inhibition of quorum
sensing. Compound 3 was able to inhibit quorum sensing signifi-
cantly at 300 pg/mL (Fig. 8B) and comparable with vanillin
(Fig. 8C). Furthermore, to confirm this effect on cell growth,
the bacterial cells were allowed to grow in the presence and
absence of QS inhibitors. Then, the violacein produced was
quantified by dissolving in DMSO and cell pellets were consi-
dered for growth measurement. The results revealed that compound
3 was able to inhibit quorum sensing more than 80% (Fig. 8C)
at p 20.05 suggesting the anti-QS potentiality of this molecule.
Moreover, the quantification of cell growth exhibited without/
negligible activity on bacterial cells suggesting that an optimum
concentration for the anti-QS activity. The vanillin inhibited
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1001
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Violacein/Growth measured (%)

201

0-

Control GSO01

Vanillin

Fig. 8. Quorum quenching activity of compound 3 against C. violaceum
biosensor strain by disc diffusion (insert, control (A), treated with
compound 3 (B), Vanillin (Standard QSI) (C) and quantification
method (D). The zone of violacein inhibition around the disc (B)
suggests that quorum quenching activity. The quantification assay
showed that inhibition of quorum sensing more than 80% at p <
0.05 (D)

violacein production significantly (p = 0.05), but quantification
of violacein showed more than 20% inhibition of growth.
Therefore, based on these results, compound 3 found to be a
promising molecule to control quorum sensing in C. violaceum.

A
MET
Ai72
ARG
D:163
he ILE
ARG A:l86 \
A:TL .EL?UB A:185
H
H H H
_,-"(
7
GLN
D:20
Interactions
I Conventional hydrogen bond | Pi-Cation
| Carbon hydrogen bond | Pi-Anion
| Halogen (fluorine) | Pi-Alkyl

Molecular docking studies: A molecular docking study
was performed to know the binding interaction of compound 3
with CviR (Chromobacterium violaceum) protein (PDB 3QP8).
The docking poses (2D and 3D) of compound 3 are depicted
in Fig. 9. Compound 3 binds well in the active pocket of the
C. violaceum protein. The C-Docker energy and C-Docker
interaction energy of the compound 3 is -4.88 kcal/mol and
-39.055 kcal/mol, respectively. The carbonyl oxygen of
4-methoxyphenyl unit forms two hydrogen bonds with the
NH, of GLN20 at a distance of 2.60 A and 2.73 A. The N-H
of hydrazone involves hydrogen bonding with GLU73 at a
distance of 2.79 A. The nitrogen of the pyrazole unit forms
hydrogen bonding with ARG71 at a distance of 2.35 A. These
three hydrogen bonds holds the molecule well within the active
pocket of the protein. In addition to these, compound 3 also
involves in 7-alkyl and m-cation interactions with active site
residues which accounts for the observed activity.

Conclusion

Herein, the synthesis of a novel N'-{(E)-[3-(3,5-difluoro-
phenyl)-1H-pyrazol-4-ylJmethylidene }-4-methoxybenzo-
hydrazide and anti-quorum sensing inhibition studies against
Chromobacterium violaceum biosensor strain has been
described. The structure of the novel compound was confirmed
by spectroscopic and single crystal XRD studies. A single crystal
study revealed that the molecule crystallized in monoclinic
crystal system with C2/c space group. Hirshfeld 2-D fingerprint
plots revealed that the H---H (35.9%) interactions have a major
contribution to the total molecular surface. The anti-quorum
sensing and quantification study revealed that the compound
emerged as promising with 80% inhibition and emerged as a
promising molecule. Molecular docking studies depicted excel-
lent fitting of the molecule through hydrogen bonding with GLN20,
GLU73 and ARGT71 residues in the binding pocket of C.

Fig. 9. The docking poses (A-2D and B-3D) of the compound 3 with CviR (C. violaceum) protein (PDB 3QP8)
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violaceum protein. Further optimization of the core moiety is
in a process to identify highly potent quorum sensing inhibitor.
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