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ABSTRACT: Hydrotreating of heavy naphtha using highly active NiMo catalysts on Walnut shell
Activated Carbon (NiMo-WAC) nanocatalysts is a new technology for clean fuel production. In this
research, pyrolysis of the walnut shell as a scalable, low-cost, and high-yield method was used
to synthesize chemically activated carbon in the presence of ZnCl,, as activating agent. To enhance
the catalytic conversion, walnut shell active carbon was functionalized with HCL, HNO3, and H,SO4
to prepare NiMo-WAC1, NiMo-WAC2, and NiMo-WAC3 respectively. These nanocatalysts were synthesized
through the incipient wetness impregnation method and characterized by X-Ray Diffraction (XRD),
Fourier Transform InfraRed (FT-IR) spectroscopy, inductively coupled plasma-atomic emission
spectroscopy (ICP), Field Emission Scanning Electron Microscope (FESEM), Brunauer—-Emmett—
Reduction (TPR) techniques. CHNS (Eager 300 for EA1112) was used to study elemental analysis of
the walnut shell feedstock used for active carbon synthesis. Different operating parameters including
temperature, pressure, LHSV, and H./feed (heavy naphtha) ratio for hydrodesulfurization (HDS)
reaction were explored by evaluating NiMo-WAC nanocatalysts catalytic activity. HDS of heavy
naphtha with 2491 ppm of sulfur in the operation condition of temperature: 290 °C, pressure: 30 bar,
Ho/oil: 100 NL/L, and LHSV: 3.3 h' showed considerably higher activity of NiMo-WAC2
nanocatalyst, less than 10 ppm in the product, than NiMo-y4/,03 as a commercial and reference
catalyst, maximum 104 ppm in the product, and this is economically valuable.
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INTRODUCTION

In the recent years, majority of pharmaceutical
companies have decided to decrease their Research and
Development (R&D) contribution in chemistry considering
synthetic chemistry as more sophisticated technology
of lesser importance for modifications in the drug
discovery [1, 2]. In contrast to this point of view we admit
that excellence and modification in the field of synthetic
chemistry might be critically more successful in all aspects
of drug discovery and development. Furthermore, modern
advancements in new synthetic approaches, such as
chemoinformatics, biocatalysis, and reaction iniaturization
can stimulate the pace and enhance quality of different
products in the pharmaceutical research. The appliance
of new synthetic processes has rapidly enlarged the realm
of susceptible chemical matter to regulate a vast array
of biological objects. There is an increasing appreciation
that involves the madification in synthetic chemistry that
is altering the method of drug discovery [3, 4]. In this case,
we determine some of the utmost permissive advancement
in synthetic chemistry along with many opportunities
that we consider are poised to alter the proceeding of drug
discovery and modification in the upcoming years [5].

Sulfonamides; as significant structural scaffold
generally not only present in a variety of different
secondary metabolites but also present in many synthetic
therapeutics [6]. Therefore, researchers all over the world
are committed to synthesizing new compounds having
sulfonamide moiety since the past few decades [7-10].
In most of the synthetic approach aniline and its many
derivatives were used as a source of nitrogen.
Sulfonamide functional groups are present in many sulfa
drugs that have considerable biological activity
revolutionizing the field of medical sciences [11].
An important chemical such as folic acid that can be used
for the synthesis of bacterial RNA and DNA is repressed
by sulfonamides; insufficiency of tetrahydrofolate causes
the decrease in the production of new RNA and DNA
which conclusively decayed the bacteria. Normal growth
of microorganisms is constrained due to inaccurate attempt
by bacteria that convert sulfonamide rather than
p-aminobenzoic acid used for the manufacturing of folic acid.
As a result of such activity, sulfonamides can be used as
antibacterial agents across infections and many other diseases
[12, 13].
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Alzheimer's Disease (AD) is one of a complicated
neurodegenerative disarrangement of the Central Nervous
System (CNS) of elderly people, it is the most familiar form
of dementia [14]; affecting almost 20 million people all over
the world [15, 16] and rapid pervasiveness of AD among the
elderly people will increase up to 3 times by 2050 [17].
Alzheimer's disease poses economic and social threats to both
developed and developing countries all over the world [18].
For medicinal chemists to slow down or disrupt the onset of
AD is one of the ultimate challenges. Currently, a cholinergic
assumption is exclusive guidance to resolve the destruction of
acetylcholine-a critical neurotransmitter that provides
benefits in the communication of motor and nerve cells.
A decrease in the acetylcholine level destroys the cognitive
actions of the human brain. Regardless of having a moderate
success percentage in the treatment of AD, these
recommended drugs suffer from negative effects such as
diarrhea and nausea. Synthesis of advanced sulfonamides has
got major consideration of many researchers for their earlier
accomplishments in the field of medicinal chemistry and
pharmaceutical sciences. The present study was designed
to convert the free acid group of sulfonamide into ester
and evaluate its biological activity.

EXPERIMENTAL SECTION
Chemicals Used

The chemicals like ethanol, methanol, dimethyl formamide
(DMF), dimethyl sulfoxide (DMSO), benzyl chloride and ethyl
acetate were purchased from E. Merck. They were of analytical
grade and were used without further purification. UV/Vis
spectrophotometer (UV-2300) of Shimadzu while FT-IR
of Perkin-Elmer was used for biological studies and
characterization of the synthesized compounds respectively.

Synthesis of benzyl 4-(((4-bromophenyl)sulfonamido)
methyl)cyclohexane-1-carboxylate [19]

The 4-(((4-bromophenyl)sulfonamido)methyl)
cyclohexane-1-carboxylic acid (0.5 g; 1.5 mM) was
dissolved in dimethyl formamide (10 mL) with stirring and
15 mL aqueous sodium hydroxide (8 mM) was slowly
added to make the solution alkaline. After two hours of
stirring at room temperature, benzyl chloride (87 pL) was
added drop wise. The reaction was monitored with TLC
and after expected completion of the reaction, the flask
was kept in the ice bath, resulting in formation of
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precipitates. The precipitate was filtered, washed with
distilled water and re-crystallized in ethyl acetate and
n-hexane mixture.

Enzyme Inhibition Activity

The inhibition action of AChE (Acetylcholine esterase)
and BChE (Butyrylcholine esterase) was tested by the
procedures of Abbasi et al., (2012) [20]. The substrates
used for AChE and BChE were AChI/BChl respectively.
The sample solution (100 pL) having concentration
5 mg/mL, 100 pL enzyme solution and 0.5 mL phosphate
buffer (100 mM) of pH 7.8 were used to make the reaction
mixture. The mixture was mixed well and kept for
15 minutes. Then 100 pL of substrate (0.5 mM) and 50 pL
DTNB (0.2 mM) solution was added and the mixture
was incubated at 37°C for almost 20 minutes. Inhibitory
activity was calculated using the formula given below and
the absorbance was checked at 412 nm:

Inhibition(%) =

X 100 (1)

Where: E = Blank solution absorbance, S = Test
sample absorbance

Antibacterial Activity

Shahid et al., (2009) standard protocol was used to
measure the antibacterial potential applying the disc
diffusion method [21]. Six different bacteria were used to
test compounds. Nutrient broth and agar-agar was
completely mixed in distilled water to prepare the bacterial
medium (108 cfu/mL). The uncontaminated medium was
loaded in all petri dishes and clotted with bacterial strains
one by one. The test samples (20 pL) was applied on discs.
Inhibition zone was calculated after 24 hours of incubation
at 37°C.

Docking Studies
Docking experiments were performed via Molecular
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Operating Environment (MOE) docking program version
2016.08. Crystal structures of AChE and BChE with PDB
codes 1EVE and 1P0I and 4BDS respectively were selected
for these studies [22, 23]. The 3D protonation of the
downloaded enzymes were done and energy minimization
of the retrieved protein molecule was carried out using
default parameters of MOE energy minimization algorithm
[gradient: 0.05, Force Field: MMFF94X]. The resulting
model was subjected to systematic conformational search
at default parameters with RMS gradient of 0.01 kcal/mol using
Site Finder. Ligand-interaction module of MOE was used
to calculate the 2D ligand-enzyme interactions. The view
of the docking results and analysis of their surface with
graphical representations were done using MOE and
discovery studio visualizer [24].

Computational Studies

Geometry optimization was carried out for all
synthesized compounds having nitrogen, oxygen and
carbon in their structure. Hybrid Becke 3-parameter
exchange functional together with the Lee-Yang-Parr
correlation functional (B3LYP) was used in density
functional theory for calculations. 6-31g basis set was used
for C, H, N and oxygen atoms. The DFT calculations were
carried out using Gaussian 09 software. The initial
geometries were obtained from crystallographic data [25].

Hirshfeld Surfaces Analysis

Hirshfeld surfaces with 2D fingerprint plots were
calculated with the help of Crystal Explorer program built
in TONTO [26]. A Hirshfeld surface is basically outside
curve of the space in which atom or molecule reside
in a crystal lattice. The normalized contact distance dnorm
based on both de and di which are calculated from below
equation reported by Aisha et al., (2020) [27].

(d—-r;vdm) (d, —rovdm)
dnorm =
r;vdm e

(2)
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Where de is the distance from the point to the nearest
nucleus external to the surface while, di is distance from
the point to the nearest nucleus external to the surface.

RESULTS AND DISCUSSION
Single crystal XRD analysis of
benzyl 4-(((4-bromophenyl)sulfonamido)methyl)
cyclohexane-1-carboxylate

Selected crystal of dimensions ca. 0.8x0.3x0.05 mm,
respectively was mounted on an Oxford Xcalibur R
diffractometer. After alignment of crystal and the initial
diffraction experiment the monoclinic unit cell in the P2,/n
space group was selected. 28488 reflections were collected
out of which 4088 were independent. Diffraction data were
applied to solve the structure using direct methods from
SHELXS-97 [28]. Model of the structure was then refined
using SHELXL-97 software [28]. Experimental and
refinement parameters are collected in Table 1. The crystal
structure of the reactant sulfonamide has been already
published by our research group [29], while the structure
of synthesized ester was determined via single crystal
XRD technique. All non-hydrogen atoms of the title
compound were located from E-maps. Consecutive cycles
of isotropic and anisotropic refinement enabled
localization of all remaining hydrogen atoms from electron
difference density maps. In the final cycles of refinement
the positional parameters of the non-hydrogen atoms
together with their anisotropic displacement parameters
were refined as shown in Table 1. Most of hydrogen atoms
were included into a model as fixed contributors applying
standard geometrical criteria and isotropic displacement
parameters tied to respective values of anisotropic
parameters for heavy atoms they are bonded to. The final
model of the molecule is shown in Figure 1 whereas the
crystal packing is shown in Figure 2. Strong N-H---O
hydrogen bonds were observe in the structure (shown as
the dashed lines in Figure 2). Molecule related by 2; screw
axes symmetry form hydrogen bonded zigzag chains in the
y-direction. The Crystal data of the synthesized ester was
deposited at the Cambridge Crystallographic Data Centre,
and has been assigned CCDC number 1994386.

Density functional theory

The structure of the targeted compound was confirmed
with XRD analysis. In order to compare the theoretical
parameters with experimental data (XRD), the obtained
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Table 1: Crystal data and structure refinement.

f Empirical formula

~

C1H24BrNO,S
Formula weight 466.38
Temperature/K 293(2)
Crystal system monoclinic
Space group P2y/n

alA 12.75630(10)
b/A 5.83780(10)
c/A 28.5390(3)
B/ 96.1150(10)
Volume/A3 2113.17(5)
z 4
Peatcg/cm?® 1.466
wmm?t 3.798
F(000) 960.0

Crystal size/mm?

0.811 x 0.323 x 0.051

Radiation

CuKa (A=1.54184 A)

20 range for data
collection/®

6.22 to 142.44

Index ranges

-15<h<15,-6<k<7,-35<1<

34
Reflections collected 28488
. 4088 [Rim = 00351, Rsigma =
Independent reflections 0.0225]
Data/restraints/parameters 4088/0/256
Goodness-of-fit on F? 1.047

Final R indexes [[>20 (1)]

Ry = 0.0365, wR, = 0.0979

Final R indexes [all data]

Ry =0.0395, wR, = 0.1017

wrgest diff. peak/hole / e A3

0.43/-0.46

J

structure was optimized with Gaussian software. The bond
lengths and bond angels of the understudied molecule was
calculated and compared with experimental crystalline
output (Table 2 and Table 3). It was observed that there is
very good agreement of theoretical and experimental bond
lengths and bond angels as shown in Fig. 3 and Fig. 4.
The close agreements of bond angel and bond length
contribute the further confirmation of the synthesis of
molecule. The maximum bond length deviation was
observed in S1-O1 where bond length determined from
XRD is 1.4273 A while DFT is 1.58078 A, in S1-Oxygen
value is 1.58158 A (DFT) and 1.4367 A (XRD).
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Table 2: Bond Lengths of benzyl 4-(((4-bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate.

f Length/A Length/A \
Atom Atom Atom Atom
XRD DFT XRD DFT

Brl C24 1.8955 1.92026 Cc4 C10 1513 1.50444

s1 o1 1.4273 1.58078 c5 Ccé 1.526 1.53757

s1 02 1.4367 1.58158 C9 c11 1.498 1.51024

s1 N8 1.5914 1.69517 c11 C12 1.380 1.38877

s1 c21 1.7728 1.79874 c11 C16 1.385 1.38568

03 c10 1.200 1.20791 C12 C13 1.384 1.38265

04 C9 1.459 1.46370 c13 c14 1.375 1.38483

04 C10 1.327 1.35027 C14 C15 1.372 1.38328

N8 c7 1.454 1.48218 C15 C16 1.381 1.38412

c1 c2 1523 1.54125 ca21 c22 1.378 1.37225

c1 C6 1522 1.53984 c21 C26 1.386 1.37499

c1 c7 1523 1.53624 c22 c23 1.390 1.38289

c2 c3 1531 1.53832 c23 C24 1.373 1.37595

C3 c4 1517 1.53182 c24 C25 1.379 1.38019
k c4 c5 1533 1.54452 C25 C26 1.385 1.37947 J
4 i a1 I sp B The bond length in S1-N8 is 1.69517 A and 1.5914 A
\l“' @ . — vy A calculated from DFT and XRD techniques respectively.

-~ I— $ N8 2 Y. - -
R e / B / “@\ /‘\// / Similarly, Oxygen-S1-C21, Oxygen-S1-N8 and N8-S1-
“ ‘ 44 -
.*'\ I / %{ / C21 bonds showed differences of 6.5827, 7.2441 and
1 02 . . .

\ of 8.030 in bond angels respectively, which may be due to

Fig. 1: Conformation of the molecule of the synthesized
compound in crystal.
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Fig. 2: Crystal Packing of the Synthesized Molecule.
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changes in crystalline and gas phases. Normally the
theoretical (DFT) calculations belong to gaseous phase
while experimentally results (XRD) belong to solid phase,
then the calculated optimized structures were compared
with their X-ray structures. In the solid state, the
differences of bond parameters between the calculated and
experimentally may be due to presence of intermolecular
interactions which bind the molecules together in
crystalline structure [30]. In near past various reports were
published about the comparison of theoretical and
experimental bond angel and bond length. They have used
this tool for the support of the synthetic compounds.

The crystalline molecule was subjected to density
functional theory (DFT) and structure was optimized using
the basis set cited in the experimental section. The Mulliken
charge distribution of the ester was also depicted from
the optimized structure using Gaussian software. The oxygen,
nitrogen and some carbon atoms have negative charges.
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/ Angle/* Angle/* \
Atom Atom Atom Atom Atom Atom
XRD DFT XRD DFT
o1 S1 02 119.99(11) 117.72374 03 C10 C4 125.51(18) 126.24306
o1 S1 N8 109.05(9) 105.69038 04 C10 C4 111.42(16) 111.10133
o1 S1 Cc21 106.58(8) 113.16267 C12 Cil1 C9 121.24(19) 120.42749
02 S1 N8 105.74(11) 112.98410 C12 Ci11 C16 118.61(18) 119.27485
02 S1 Cc21 106.68(9) 105.70726 C16 Ci11 C9 120.11(19) 120.29490
N8 S1 Cc21 108.36(9) 100.32980 C11 C12 C13 120.69(19) 120.22789
C10 04 C9 117.36(16) 119.19179 Cl4 C13 C12 120.2(2) 120.20241
Cc7 N8 S1 124.22(14) 120.44564 C15 Cl4 C13 119.5(2) 119.82147
c2 C1l C6 109.63(16) 109.76216 Cl4 C15 C16 120.5(2) 119.92738
c7 c1 c2 111.42(16) 109.28354 c15 C16 c11 120.5(2) 120.54424
Cc7 C1l C6 112.21(15) 111.90570 C22 c21 S1 119.60(14) 117.69440
C1l C2 C3 111.11(16) 111.31296 C22 Cc21 C26 121.28(16) 121.94088
C4 C3 Cc2 111.47(16) 110.78192 C26 Cc21 S1 119.12(13) 120.34574
C3 C4 C5 111.36(16) 110.85350 C21 C22 Cc23 119.53(17) 118.96888
C10 C4 C3 111.76(16) 110.85350 C24 Cc23 C22 118.60(18) 119.57222
C10 C4 C5 107.85(15) 110.85350 C23 C24 Brl 118.69(15) 119.61355
C6 C5 C4 111.35(15) 110.85350 C23 C24 C25 122.48(17) 120.97388
C1 C6 C5 111.14(16) 111.12788 C25 C24 Brl 118.83(15) 119.41254
N8 C7 C1 111.56(16) 114.18619 C24 C25 C26 118.77(18) 119.60272
04 C9 C11 111.46(18) 111.59431 C25 C26 Cc21 119.33(18) 118.93928
k 03 C10 04 122.98(18) 122.65095 /
25 140
=XRD = DFT
120 .
2 =XRD = DFT
100 |
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Fig. 3: Comparative bond lengths at SC-XRD and DFT levels
for benzyl 4-(((4-bromophenyl)sulfonamido)methyl)
cyclohexane-1-carboxylate.

Fig. 4: Comparative of bond angles of SC-XRD and DFT for
benzyl 4-(((4-bromophenyl)sulfonamido)methyl)cyclohexane-
1-carboxylate.
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Fig. 5: Optimized Structure of benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate.
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Fig. 6: Mulliken charge distribution of synthesized benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate.

The sulfur atom has maximum positive charge (2.0261)
and nitrogen atom has highest negative charge
(-1.0099), while Oxygen has -0.7513 charge. The
optimized structure is shown in Fig. 5, while Mulliken
charge distribution is shown in Fig. 6.

The various parameters (electronegativity, chemical
hardness and chemical potential) were calculated
according to Koopmans Theorem [31] (formulae given
below) and listed in the Table 4. The energy of HOMO is
-0.3375 and that of LUMO is 0.0807, while energy gap
(AE=(LUMO-HOMOQ)) between HOMO-LUMO is
0.4183 (hartree) (Figure 7). Electronegativity (x) chemical
hardness (1), lonization Potential (IP), electron affinity
(EA) and chemical potential (i) of synthesized compound
has been calculated using the following formulae [32];

[ELumo + Enomol

X = > (3)
E —E

=[ LUMO - HOMO ] )

o= [Exomo ; ELumo] (5)
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IP = —Enomo (6)

EA = —E;ymo ™)

From optimized structure data we can predict the soft
and hard behavior of the molecule on the basis of their
energy gaps of HOMO-LUMO. The molecular
electrostatic potential (MEP) at various points in the target
compound is used to differentiate between positive,
negative and neutral charges on the molecule and
is depicted with different colors. The order of colors
of the molecules is shown according to charge distribution:
red > orange > yellow > green > blue [33]. The nitrogen
is shown in red and represent region of slight negative
potential where electrophilic attack may happen.
Hydrogen atoms attached to the ester are shown in blue.
DFT also predicted positive potential, which is appropriate
site for nucleophilic attack (Figure 8). It is mentioned
in many reports that smaller the energy gap between
HOMO-LUMO, softener the behavior of the molecule and
vice versa [34-36].

Hirshfeld surface analysis

In crystal structure of either organic or inorganic
origin, the stability is very important and hydrogen
bonding of molecules is a factor, which gives stability
in crystal. This hydrogen bonding can be assessed
theoretically with Hirshfeld surface analysis. Crystal
Explorer is a software applied to determine the Hirshfeld
surface of the ester molecule. The surface with
a transparent model was shown in three different views
(dnorm, shape index and curvature) in Figure 9. On the
surface red, white and blue colors are appearing which
depict the strong, intermediate and weak interactions,
respectively. In order to explore the hydrogen bonding
(interactions) at molecular level, two dimensional finger
plots were mapped and individual contribution of each
interaction was shown in Fig. 10. It was concluded from
2D plots that major contribution are: H---H (48.3%),
O---H (11.5%), H---O (10.1), C---H (8.9%), Br---H (6.4%)
and H---C (6.2%) as shown in Fig. 10.

Enzyme Inhibition and Docking Studies

The synthesized molecule was screened against
acetylcholine esterase (AChE) and butyrylcholine esterase
(BChE) via in vitro model according to the reported
method. It was found that synthesized compound was
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Table 4: Different Parameters Calculated from DFT.

/ W (chemical potential) -0.1284 Q (electrophilicity index) 0.1284 \
g (chemical hardness) -0.2091 IP (ionization potential) 0.33755
X (electronegativity) 0.1284 EA (electron affinity) -0.08075
HOMO -0.3375 Dipole moment 2.5730
LUMO 0.0807 Nuclear Repulsion energy 2949.3294
(LUMO-HOMO) 0.4183 Gibbs Free Energy -4111.7090
\_ Energy (hartree) -4139.5829 Enthalpy 41116226 )/
LUMO
o
AE =0.4183
HOMO

)

Fig. 7: Energy gap between HOMO and LUMO.

Fig. 8: Molecular Electrostatic Potential.

active against both enzymes. The targeted compound (125 ug)
showed 74.5 + 0.9 % and 56.7 = 1.1 % inhibition against
AChE and BChE, respectively . In order to check the
theoretical investigation about enzyme inhibition, docking
studies were conducted with esterases by downloading
their PDB structures. The details of docking process
were explained in the experimental section. The ester
was docked with 1IEVE (AChE) and 1POI (BChE) as well as

58

4BDS (BChE). It was observed that understudied
compound has shown good docking score as well as
binding affinity against all three tested enzyme structures
as mentioned in Table 5.

All these outcomes additionally support the
experimental observation for the compound that it is
a good inhibitor of esterases family and might be used
against Alzheimer disease in future after checking other
parameters. It was further explained that the compound
interacts in the anionic site of the enzymes (AChE and
BChE) with hydrogen bonding as well as pi-pi
interactions. The 2D and 3D interactions of compound
with AChE (IEVE) have shown that ester exhibited
interaction with Tyr334, Asp72, His440 and Trp84 amino
acids located on the active site of the enzyme (Figure 11).
Asp72 showed hydrogen bond interactions, while His440
and Trp84 depicted pi-pi interactions. In 1POI (BChE),
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4 Docking Score (Kcal/mol) Binding Affinity (Kcal/mol) I
Compound
AChE BChE AChE BChE
1EVE 1POI 4BDS 1EVE 1POI 4BDS
Ester -11.7154 -10.1657 -10.5257 -6.9403 -4.5198 -4.0208
\ Standard -14.8817 -13.2471 -13.6874 -9.7843 -8.0511 -7.9572 /

Fig. 9: Hirshfeld surfaces mapped at three views; (a) dnorm, (b) shape index and (c) curvature.
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Fig. 10: Fingerprint plot contacts along relative contributions of various intermolecular contacts of benzyl
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4-(((4-bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate.
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Fig. 11: AChE (IEVE) Interactions of benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate;
(a) close up depiction, (b) 2D interactions and (c) 3D
interactions.

the compound interacts with Leu286, His438, Glul97,
Trp82, Thr120 and GIn119 while in the case of 4BDS
(BChE) His438, Trp82, Ala328, Phe329 and Asp70 amino
acids have shown interactions with ester (Figure 12 and
Figure 13). On 1POI, compound showed hydrogen bond
interaction with Thr120, GIn119 and Trp82 while, amino
acid residues (His438, Trp82, Leu286 and Glul97)
interact through pi-pi interactions. Similarly, the tested
compound has interaction with Asp70 (H.B) and with
Trp82, His438, Ala328 and Phe329 (n-n).

Antibacterial Potential

The compound was further evaluated in the sense of its
antibacterial potential viz agar well diffusion method. The
medium was prepared, sterilized and inoculated with
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Fig. 12: BChE (1POI) Interactions of benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate;
(a) close up depiction, (b) 2D interactions and (c) 3D
interactions.

respective bacterium in aseptic conditions. The zone
of inhibition was measured after 24 hours in mm and it
was found that ester has remarkable activity against
selected microbes. The activity of the compound was
greater (about 30-40%) than streptomycin for most of
the microbes except H. halophila (Table 6). While in the case
of ampicillin its activity is about 50% and comparable
0 S. sonnei (30.1+1.1 mm). All these results give the full
support the previous literature, that sulfonamides have
good antibacterial activity and are being used in medical
field for various ailments or disorders.

CONCLUSIONS

The targeted sulfonamide was synthesized by reported
method and its exact structure was elucidated with single
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Table 6: Antimicrobial Potential of Synthesized benzyl 4-(((4-bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate.

/ Zone of inhibition (mm) \
Sample Bacterial strains
C. salixgens? H. halophila ® E.coli® S. aureus? B. subtilis® S. sonnei
Ester NIL 7.3+0.7 15.4+0.4 12.1+0.9 17.5+1.1 30.1+1.1
Streptomycin NIL 14.1+1.2 8.9+0.8 8.5+0.8 9.3+0.9 15.3+1.0
\ Ampicillin NIL 15.6+0.7 33.5%1.1 39.2+1.0 41.3+1.3 31.5+1.1 j

a) Chromohalobacter salixgens, b) Halomonas halophila, ¢) Escherichia coli, d) Staphylococcus aureus, €) Bacillus subtilis, f) Shigella sonnei.

Fig. 13: BChE (4BDS) Interactions of benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate;
(@) close up depiction, (b) 2D interactions and (c) 3D
interactions.

X-Ray technique. The structure was optimized through
density functional theory using proper basis set.
The theoretical and experimental structure parameters
were correlated which are in close agreement to each other.

Research Article

The synthesized compound was further screened against
different microbes which depicted that benzyl 4-(((4-
bromophenyl)sulfonamido)methyl)cyclohexane-1-carboxylate
has ability to retort the growth of different bacterial strains.
It was concluded from results that synthesized compound is
stable on the basis of its energy gap value and correlation
studies in favor for the stability of the compound. Hirshfeld
analysis and finger plot interactions also supported the
crystalline structure of the ester. Furthermore, antibacterial
and enzyme inhibition screening suggested that this molecule
has potential to inhibit the esterase enzyme as well as growth
of the various microorganism. In order to confirm the in vitro
application of the compound as enzyme inhibitor, in-silico
docking study was done which revealed that synthesized
compound has good docking score and may be used as
enzyme inhibitor for medicinal application. It is further
confirmed that both pdb files of BChE have about same
results in the form of docking score and binding energy.
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