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ABSTRACT

Purpose: In many hospitals worldwide, bacterial infections brought on by resistant strains are wreaking havoc. Due to the bacterial
resistance, it is required to search newer anti-bacterial drugs or molecules.

Methods: In the current study, we aimed to develop aniline derivatives followed by their in vitro anti-bacterial and in silico studies.
The PDB id of E. coli protein used is 2Y2T. The docking was done using Glide and Auto dock tools and comparative analysis was done.

Results: Out of all the 21 synthesized derivatives, compounds 12e were found to be most active, which is confirmed by both in silico
as well as anti-bacterial study. Docking studies using Glide show that in most potent compound 2e, the hydroxyl group of coumarin
moiety forms H- bond with GLN 94 in binding pocket. The hydrophobic interactions are shown by TRP95, ILE 6, PHE 8 and PRO 97
while Polar interactions are shown by THR10, ASN 9, THR 11, THR 7, GLN 93. Similarly, Auto dock studies show that in compound 2e,
chloride of dichloro aniline moiety forms pi-alkyl bond with PRO 97 and pi-pi stacking with PHE. Nitrogen atoms of NH-C=0 bridge
forms conventional H- bond with ILE 6, GLN 93 and GLN 5 while hydroxy group of coumarin forms conventional H- bond with SER 3.

Conclusion: Both in vitro and in silico tests revealed that all of the compounds had good to moderate antibacterial activity and

Keywords: Chloro-aniline, anti-bacterial, in silico study, Carbazide.

resembled lead. As a result, there is a correlation between in-silico and in vitro research.

INTRODUCTION

ntibiotic resistance has grown in importance as a

health issue during the last 20 years. In many

hospitals worldwide, resistant strains of bacteria are
wreaking havoc, particularly in patients who are already
impaired by age, disease, or immunosuppressive
medication. In this regard, developing medications with
potential action against these infections requires a deeper
understanding of resistance mechanisms 2.

Semi carbazide often undergoes a condensation reaction
with aldehydes and ketones to yield semi carbazones. This
is an illustration of how a primary amine reacting with a
carbonyl group might generate an imine 3. Semi carbazones
have garnered a lot of interest in the drug discovery process
to fight microbial infections, and numerous derivatives of
this family have been shown to exhibit promising
bioactivity. Several studies on the synthesis and biological
testing of bioactive heterocyclic compounds in the aryl-
containing semi carbazide and thiosemicarbazone
derivatives have been published “.

The use of these compounds in organic synthesis has
become a standard method for producing a variety of
heterocycles. Their reactions with compounds with C=0
and C=N groups are common way to make biologically
active compounds >®,

Chloroaniline, a compound consisting of an aniline
(CeHsNH2) structure with one or more chlorine atoms
substituting hydrogen atoms on the benzene ring, has been

studied for its antibacterial properties. Chloro-aniline
derivatives are used as anti-bacterial agents 7°. Numerous
biological uses, including antibacterial, antifungal,
anticancer, analgesic, and anti-inflammatory properties,
have been identified for aniline derivatives, which are the
condensed products of aromatic amines with suitable
ketones *!!, Numerous derivatives have been found to
have fungicidal, anti-inflammatory, antiviral, antibacterial,
antioxidant and anticancer 118,

The in-silico techniques have enhanced the understanding
of molecular properties and the specific behavior or nature
of drug-receptor interaction at molecular level. Molecular
docking has become an important component of the drug
discovery toolbox, and its relative low-cost implications and
ease of use have stimulated ever-increasing popularity in
the industry and amongst researchers °,

This article describes the design, synthesis, and assessment
of a range of aniline derivatives with the carbonyl group
that have a variety of aliphatic/aromatic substitutions for
anti-bacterial activity.

MATERIALS AND METHODS
Materials:

The semi carbazide and carbazide derivatives were
prepared using substituted aniline compounds. All the
Chemicals were purchased from Research Lab. The
chemicals and apparatus used is given in Table 1.
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Table 1: Chemicals and apparatus used

Chemicals Used
3-Chloro Aniline
2,3 Dichloro Aniline
2,5 Dichloro Aniline
Isatin

Glacial Acetic Acid
Distilled Water
Ethanol
Sodium Cynate

P- Benzo Quinone Hydrazine Hydrate

4-Methyl 7- Hydroxyl Coumarin Sodium Acetate

Acetophenone Sodium Hydroxide

Method:

Each reaction's progress was monitored by TLC. The melting
values were checked. The spectrum of the FT-IR was
recorded using an Alpha ECO-ATR Spectrophotometer.
Thirteen C NMR (125 MHz) and one H NMR (500 MHz)
spectra were checked with a Bruker FT-NMR
spectrophotometer. There is indication of the chemical
shifts (d, ppm) and coupling constants (J, Hz). Elements
were studied with an EXETER CE-440 elemental analyzer.
Antimicrobial activity was evaluated using cup plate
method. Ciprofloxacin was used as standard drug.

General method for preparation of compounds

Step 1: Synthesis of urea (2/6/10): Glacial acetic acid (10 ml)
was used to dissolve chloroaniline (0.1 mol), which was then
diluted with 50 ml of water. An equimolar (0.1mol) amount
of sodium cyanate in warm water was stirred into this
solution. Following the compound's recrystallization from
ethanol, the reaction mixture was left to stand for 30
minutes before being filtered, cleaned with water, and
dried and collected.

Step2: Synthesis of Semi carbazide (3/7/11): An equimolar
amount of hydrazine hydrate was added to an aqueous
solution of aryl urease (0.1mol). This solution was mixed
with two milliliters of ethanol. After 30 minutes of refluxing,

the reaction mixture was chilled in ice. Before refluxing, 4g
of NaOH was added to make the mixture alkaline. After
being suction-filtered, the product (Semi carbazide) was
recrystallized from ethanol.

Step 3: Synthesis of carbazide (4/8/12): An equimolar
amount of Semi carbazide derivative was added in ethanol
followed by addition of 1-2 ml of glacial acetic acid to
maintain pH between 5-6. Equimolar ketone was added in
mixture and refluxed for 1 hour. After being suction-
filtered, the product (carbazide) was recrystallized from
ethanol.

Scheme:
o
NH, )k j\
Ry NaCNO j@\ NHZNHZ
— >
Ry Ry Alkali j@\

(1/5/9) (2/6/10)

(3771
Ketone

4/8/12(a-g)
1:Ry=H,R,=CI,Ry=H
5:R;=Cl, Ry=Cl,R5=H
9:R;=H,R,=Cl,R4=Cl
Scheme: Procedure for making the suggested compounds.
Reagents and conditions (i) Ethanol, sodium cynate; (ii)
aqueous NaOH Hyrazine hydrate; (iii) Appropriate ketone,

glacial acetic acid ethanol.

The final synthesized compounds were evaluated for their
Physical Characteristics as given in Table 2 while
spectroscopic data of compounds is given in Table 3.

Table 2: Physical Characteristics data of synthesized compounds

S.No. Compound Aniline Ketone Mol.wt.  Mol. formula % Yield
code derivative
1. 4a NH, CH3 225 C10H12CIN3O 87
O)\CH3
Cl
2 4b NH, 349.10 C20H16CIN3O 90
O
: C
3 4c NH, C1sH14CIN3O 81

HsC.__O 287.08
Cl é
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15. 12a NH, CHS3 259.03 C10H11CI2N3O 90
Cl
o, 7
Cl
16. 12b NH, 259.03 C10H11Cl2N3O 80
CI\©\ o
e
17. 12c¢ NH» Hs;C (@] 321.04 C1sH13Cl2N30 89
CI@
Cl
18. 12d NH, O 348.02 C15H10CI2N402 86
CI\©\ o
N—H
Cl
19. 12e NH2 o SN CH; 377.03 C17H13CI2N303 88
CI@ )
Cl
OH
20. 12f NH, (@] 309.01 C13H9Cl2N302 92
“ Q
0]
Cl
363.02 Ci6H11Cl2N303 95

21. 12g NH, O, OH
Cl o
Cl

Table 3: Characterization Data of compounds 4a-12e

.5

S. Compd Ligand IR NMR'H Elemental
NO code NMR (500MHZ, CDCI3-d) Analysis
1 4a @ (C=0) =16 5 (7.23-7.99 4H C,53.22; H,
_.C. .N. __CHj 48-1720; Aniline), (6.00 NH-aniline), 5.36;Cl,
HN- - N° ¢ (N=NH) =3100- (7.00 NH-N), (1.94, 6 H, methyl) 15.71; N,
CHs 3450 18.62; 0,
7.09
Cl
2 4b (C=0) =16 5 (7.23-7.99 4H C, 68.67; H,
C. N /© 15-1700; Aniline), (6.00 NH-aniline), 4.61;Cl,
HN H ~C (N=NH) =3260- (7.00 NH-N), (7.57-7.58, 5 H, 10.13;N,
3500 phenyl,7.62-7.97,5H phenyl) 12.01; O,
457
Cl
3 4c (C=0)  =1590- & (7.23-7.99 4H C, 62.61; H,
N/N\\C/© 1784; Aniline), (6.00 NH-CO), (7.00 4.90;Cl,
Ho S, (N=NH) = 3220- NH-N) (7.52-7.94, 5 H, phenyl, 12.32;N,
3400 (2.32,3H methyl) 14.60; O,
cl 5.56.
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Cl

Cl

Cl

Q
Cup N -CHs
H o
OH
Q
_C.

(C=0)
1700;
(N=NH)
3630

(c=0) =16
48-1720;
(N=NH)
3450

(c=0) =16
48-1720;
(N=NH)
3450

(c=0) =16
40-1710;
(N=NH)
3350

(C=0) =16
15-1710;
(N=NH)
3600

(C=0)
1780;
(N=NH)
3420

(C=0)
1720;
(N=NH)
3640

(C=0) =16
40-1720;
(N=NH)
3420

(C=0) =16
48-1730;
(N=NH)
3350

(c=0)=16
25-1750;
(N=NH)
3500

=1600-

=3130-

=3100-

=3100-

=3200-

=3250-

=1580-

3210-

=1630-

=3140-

=3140-

=3100-

=3260-

6(7.23-7.99H
Aniline), (6.00 NH-CO), (7.00
NH-N)), (7.26-7.86, 3H, isatin),
(8.00,1H, isatin

5 (7.23-7.99 4H
Aniline), (6.00 NH-CO), (7.00
NH-N), (2.42-7.04, 3 H,
hydroquinone)

5(7.23-7.99 4H
Aniline), (6.00 NH-CO), (7.00
NH-N,6.30-8.61 ,4-H Quinone ),

6 (7.23-7.99 4H
Aniline), (6.00 NH-CO), (7.00
NH-N ,6.21-16.77 6H cumarin),

5(7.25-7.92 3H 2,3 di chloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94, 6 H, methyl)

6 (7.25-7.92 3H 2,3  di chloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94. 7.57-7.58, 5 H,
phenyl,7.62-7.97,5H phenyl)

6 (7.25-7.92 3H 2,3 di chloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94, (7.52-7.94, 5 H,
phenyl, (2.32,3H methyl)

6 (7.25-7.923H 2,3 dichloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94, (7.26-7.86, 3H,
isatin), (8.00,1H, isatin).

6 (7.25-7.92 3H 2,3 di chloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94, (.2.42-7.04, 3 H,
hydroquinone)

6 (7.25-7.92 3H 2,3 di chloro
aniline,) (6.00 NH-CO), (7.00
NH-N, 1.94, 6.30-8.61 ,4-H
Quinone), .
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C,57.24; H,
3.52; Cl,
11.26; N,
17.80; O,
10.17.

C,59.40; H,
4.10; Cl,
10.31; N,
12.22; 0,
13.96

C, 56.64; H,
3.66; Cl,
12.86; N,
15.24; 0O,
11.61.

C, 58.28; H,
3.67;Cl,
10.75; N,
12.74; 0O,
14.56

C, 46.17; H,
4.26; Cl,
27.26; N,
16.15; O,
6.15

C,62.51; H,
3.93;Cl,
18.45; N,
10.94; O,
4.16.

C,55.92; H,
4.07; Cl,
22.01; N,
13.04; O,
4.97

C,51.60; H,
2.89; Cl,
20.31; N,
16.05; O,
9.16.

C,53.99; H,
3.46; Cl,
18.75; N,
11.11; 0,
12.69.

C, 50.35; H,
2.92;Cl,
22.86; N,
13.55; 0O,
10.32.
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14. 8g 0 (C=0)  =1590- & (7.25-7.92 3H 2,3 di chloro C,52.77;H,
HN- O N O 1780; aniline,) (6.00 NH-CO), (7.00 3.04;Cl,
cl Hoo (N=NH) = 3210- NH-N, 1.94, 6.21-16.77 6H 19.47;N,
3430 cumarin),. 11.54; 0O,
cl 13.18.
15. 12a o (C=0) =16 5 (7.47-8.18 3H 2,5 dichloro C, 46.17; H,
un-Con-Neg-CHs  48-1720; aniline,) (6.00 NH-CO), (7.00 4.26;Cl,
cl Ho &y, (N=NH) =3150- NH-N, 1.94, 6 H, methyl) 27.26; N,
I j 3450 16.15; O,
cl 6.15
16. 12b 0 (C=0) =16 5 (7.47-8.18 3H 2,5 di chloro  C, 46.17; H,
un-ConNeg-CHs 15-1700; aniline,) (6.00 NH-CO), (7.00 4.26;Cl,
cl Ho &y, (N=NH) =3220- NH-N, 1.94. 7.57-7.58, 5 H, 27.26;N,
3320 phenyl,7.62-7.97,5H phenyl) 16.15; O,
[im 6.15
17. 12¢ o (C=0)  =1590- & (7.25-7.92 3H 2,5 di chloro C, 55.92;H,
C. N /© 1784; aniline,) (6.00 NH-CO), (7.00 4.07;Cl,
HN H C (N=NH) = 3220- NH-N, 1.94, . (7.52-7.94, 5 H, 22.01;N,
Cl CHs 3440 phenyl, (2.32,3H methyl) 13.04; O,
4.97
C
18. 12d 0 0 (C=0)  =1600- & (7.47-8.183H 2,5 dichloro C,51.60;H,
HN/C\N,N\ 1700; aniline,) (6.00 NH-CO), (7.00 2.89;Cl,
H N-H (N=NH) =3130- NH-N, 1.94, (7.26-7.86, 3H, 20.31;N,
Cl 3620 isatin), (8.00,1H, isatin). 16.05; O,
9.16.
19. 12e ” 5(7.47-8.18 3H 2,5 di chloro  C, 53.99; H,
Ny CH358 1760 aniline,) (6.00 NH-CO), (7.00 3.46;Cl,
- (N=NH) =3160- NH-N, 1.94, (.2.42-7.04, 3 H, 18.75;N,
3444 hydroquinone) 11.11; 0O,
20. 12f o (C=0) =16 § (7.47-8.18 3H 2,5 di chloro C, 50.35; H,
PVESVELN 35-1710; aniline,) (6.00 NH-CO), (7.00 2.92;Cl,
cl H \@ (N=NH) =3105- NH-N, 1.94, 6.30-8.61 ,4-H 22.86;N,
\©\ O 3405 Quinone ), . 13.55; 0,
cl 10.32.
21. 12g C (C=0) =16 § (7.47-8.18 3H 2,5 di chloro C,52.77; H,
HN- N N -OH 15-1704; aniline,) (6.00 NH-CO), (7.00 3.04;Cl,
ol Ho & (N=NH) =3260- NH-N, 1.94, 6.21-16.77 6H 19.47;N,
3540 cumarin),. 11.54; O,
[im 13.18
BIOLOGICAL ACTIVITY cork borer (size 3) was then used to create wells in the

At a dosage of 100ug/ml, the produced lead compounds
exhibited antibacterial activity against the gram-negative
bacteria Escherichia coli and the gram-positive bacteria
Bacillus subtilis. Gentamycin is used as a reference for
comparison, and DMSO serves as a control under
comparable circumstances. A weighed component was
dissolved in water to create a nutrient agar, which was then
incubated for 24 hours at 35-37°C. Following a 30-minute
drying period, the matching peptone culture of the test
organism was added to each sterile nutrient agar plate. A

solidified medium. A dilution of 100 pg/ml of the
corresponding test and standard chemicals was added to
the prepared wells. For 24 hours, all of the flooded plates
were cultured for bacterial strains at 35-37°C. Following a
30-minute drying period, the matching peptone culture of
the test organism was added to each sterile nutrient agar
plate. A cork borer (size 3) was then used to create wells in
the solidified medium. A dilution of 100 pg/ml of the
corresponding test and standard chemicals was added to
the prepared wells. For 24 hours, all of the flooded plates
were cultured for bacterial strains at 35-37°C. The zones of
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inhibition were measured in millimeters, and the
corresponding means were compared 2922,

In silico-Studies

SwissADME:

i Physicochemical Parameters:  The molecular

characteristics that influence the mixture. For example, the
number of rotatable bonds (n rot bonds), the molecular
weight, H-bond donors (H donor/acceptor) etc.
ii. Lipophilicity: The M logP value is taken into consideration
from the different Log P values.
iii. Pharmacokinetic Parameters: These include P-
glycoprotein substrate or inhibitor, blood-brain barrier
penetration, and gastrointestinal absorption.
iv. Lead likeness: In drug discovery, a lead compound is a
chemical compound with biological or pharmacological
activity that is probably going to be therapeutically
beneficial, but it may also have a structure that isn't ideal
and needs to be changed to better fit the target.
v. To demonstrate the compound's absorption in the GIT or
its capacity to cross the BBB, create a model of a boiled egg.

Computational studies

In silico studies were done using Schrédinger 2024 module
and Autodock. Using in silico techniques, the interactions
between the most active compounds and the enzyme active
site were investigated (PDB Code: 2Y2T). We used the
Schrodinger 2024 module to create the protein's crystal
structure. Prime was used to add the missing side chains and
loops. Protonation states were assigned using Epik after all
water molecules were removed at neutral pH. Following
that, protein design was optimized using the PROPKA
method at neutral, keeping the convergence-heavy atoms'
RMSD at 0.30A during restricted minimization. To locate
active areas, a receptor grid was made using the obtained
protein structure. The LigPrep module was used to create
the stable conformers of E.coli with most active compounds
which were then docked by the Schrodinger Maestro 2024.
The Glide XP Visualizer program and Discover studio were
used to analyze the interactions in detail. Molecular docking
studies were performed using AutoDock v.4.0. The enzyme
was prepared for docking studies. It involves i) Removal of a
ligand molecule and other heteroatoms from the enzyme
active site. ii) Addition of polar hydrogens and charges to the
structure with their standard geometry iii) The obtained
model was used in predicting the ligand enzyme interaction
at the active site. The prepared ligands and target molecules
were docked, and the results are given in the table as best
pose binding energy scores

RESULT AND DISCUSSION
Chemistry

Schemes 1/2/3 illustrates how chloroaniline (1/5/9), is
converted into the suggested aniline carbazide 4a-g/8a-
g/12a-g. By using the recrystallization method, the
synthesized compounds were obtained. By performing
spectroscopic and elemental investigations, the structures

of the compounds were verified. Compound 12e was
formed, as indicated by the emergence of a (-NHCONH-)
proton peak at 6.00 ppm in the 'H NMR spectra. The
assessment peaks of the coumarin’s methyl and hydroxyl
groups appeared at 2.42 ppm and 5.35ppm respectively.
Similarly, the spectral analysis was done for all synthesized
compounds.

Anti-bacterial Activity

Acquired Based on the study's findings, the greatest zone of
inhibition (ZI) was calculated as shown in Table 4 for test
organisms treated with varying amounts of sample on agar
plates in contrast to the positive control, against the test
pathogen E. coli. The information is also given in Bar graph
form (Fig.1) The region surrounding a disc on an agar plate
where no bacterial growth is seen because of the presence
of an antimicrobial agent is known as the zone of inhibition.
It is employed to ascertain whether or not a specific test
organism is vulnerable to the effects of a given antimicrobial
drug.

Table 4: Antimicrobial evaluation of aniline carbazides
against E. coli

S.no Compound Max.ZOl(mm)avg CONC.
code (ug)
1. 4a 11.11 30
2. 4b 11.25 30
3. 4c 12.10 30
4, 4ad 17.44 30
5. 4e 18.16 30
6. af 11.82 30
7. 4g 17.45 30
8. 8a 13.55 30
9. 8b 13.95 30
10. 8c 14.10 30
11. 8d 22.24 30
12. 8e 23.92 30
13. 8f 14.88 30
14. 8g 22.68 30
15. 12a 14.89 30
16. 12b 14.55 30
17. 12c 16.82 30
18. 12d 24.24 30
19. 12e 25.45 30
20. 12f 15.67 30
21. 12g 24.67 30
22. Ciprofloxacin 26.66 10

In-silico Studies: Swiss ADME tool was used for the
compounds' in-silico study (Table 5) and boiled Egg
representation (Fig 2). Swiss ADME: Studies conducted by
Swiss ADME indicated that the substances had good
pharmacokinetic characteristics.
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Figure 1: Bar graph showing Antimicrobial evaluation of aniline carbazides
Table 5: Swiss ADME study data of 9 most active Chloro aniline derivatives
Molecule Heavy Rotatable H-bond H-bond Gl BBB Leadlikeness Bioavailability
code atoms bonds acceptors  donors absorption permeant violation Score
4d 22 4 3 3 High No 1 0.55
de 24 4 4 3 High No 1 0.55
4g 23 4 4 3 High No 1 0.55
8d 23 4 3 3 High No 0 0.55
8e 25 4 4 3 High No 0 0.55
8g 24 4 4 3 High No 1 0.55
12d 23 4 3 3 High No 1 0.55
12e 25 4 4 3 High No 1 0.55
12g 24 4 4 3 High No 1 0.55
Boiled Egg Representation:
woer | Actions |
Show Molecules Name
BBB
HIA
o o PGP+
! Moieciie & ° PGP
5 Mocge? | ______Remarks |
) Molcoule ¥ None

20 40 60 80 100 120

140 160 180 TPSA

Figure 2: Boiled Egg Representation of most active compounds

Molecular Docking: The compounds' docking outcomes
were noted. Every Compound displayed docking scores that
ranged from good to moderate. The compounds had the
best posture binding energy values, which ranged from -
3.11 to -6.95 respectively using both the tools. The binding
energies of synthesized compounds is given in Table 6. The
majority of the compounds' dock scores were comparable
to those of the common ciprofloxacin. The best docking
score and binding interactions were showed by compound
12e. Further, good scores were shown by 12d/12g/84/8g/8e
compounds. The PDB id is 2Y2T. Glide tool was used to study
2 D interactions of ciprofloxacin and other compounds
(Fig.3). In most active compound 2e, the hydroxyl group of

coumarin moiety forms H- bond with GLN 94 in binding
pocket. The hydrophobic interactions are shown by TRP95,
ILE 6, PHE 8 and PRO 97 while Polar interactions are shown
by THR10, ASN 9, THR 11, THR 7, GLN 93. Auto dock tool was
used to study 2 D interactions of ciprofloxacin and other
compounds. compounds. In compound 2e, chloride of
dichloro aniline moiety forms pi-alkyl bond with PRO 97 and
pi-pi stacking with PHE. Nitrogen atoms of NH-C=0 bridge
forms conventional H- bond with ILE 6, GLN 93 and GLN 5
while hydroxy group of coumarin forms conventional H-
bond with SER 3. The Study of 2D Interactions by most active
compounds(12d/e/g) using both the tools is given in Table
7.
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Table 6. Binding Energies of most active compounds using both the tools

S.no. Compound Ligand Binding Energy Binding Energy
code Glide Auto dock 4
1. 4a (I? 4.82 4.22
.C. _.N_ __CHs
HN H > :
CHs
Cl

2. 4b o /@ 4.21 4.15
1
FININIES

3 4c o /@ 4.88 4.29
HN/C‘N’N°Q
©\H CHs
Cl
4. 4d % o) 5.80 5.42
_C. _N é
i ~ClI
5. de o 5.95 5.28
HN/C\”,N\ ~CHs
@ ’
Cl
OH
6. 4f o 3.98 3.44
_C. _N
HN C N™
H
o]
Cl
7. 4g 9 5.91 5.21
.C. .N OH
HN H AN
@ ’
Cl
8. 8a 9 3.42 3.11
e ~ /N\ - H
HN C ” R ? CHj4
Cl CHj,

9. 8b 0 /@ 4.34 3.98
1
Coy-Ns
HN™"N" SC
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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8c

8d

8e

8f

8g

12a

12b

12c

12d

12e

/@ 4.66
||
H
ci
ci
o 6.60
/C\
CI
CI
” 6.62
CI
CI
,, 4.74
6.61
” 3.99
o 3.88
HN,C\N/N\\CI:,CH3
cl H o Ch,
ci
o /[::j 3.55
I
HN-O NN
H |
cl CHs
c
0 o 6.80
.C. .N
HN”TONT S _
H N-H
CI@
cl
6.95

HN/C\H,N\ ~_CH
CI\©\ 0
cl
OH
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4.15

6.52

6.56

4.14

6.50

3.12

3.44

3.45

6.70

6.72
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20. 12f (”) 4.38 3.98
.C. .N
L
Cl
\@\ (@]
Cl
21. 12g ICI) 6.90 6.80
LG -N OH
HN N N X
Cl 0
Cl
22. Ciprofloxacin 7.2 7.2
Table 7: Study of 2D Interactions by most active compounds using both the tool
S.no Compd Glide Autodock 4
code Interactions hydrophobic Polar H-bond Pi-pi/pi-alkyl
1. 12d GLN 94 ILE6, PHE8, PRO97, GLN 93, GLN 94, ILE 6, GLN 93 ILE 91
LEU 91 THR 7, GLN5, SER 4
2. 12e GLN 94 TRP 95, ILE6, PHE ~ THR 10, ASN 9, THR SER 3, ILES, PRO 97, PHE 8
8, PRO 97 11, THR7, GLN 93 GLN 93, GLN 5
3. 12¢g GLN 5 LEU 91, TRP 95, GLN 93, SER 4, GLN GLU 94, ILE6 PRO 97
PRO 97, PHE 8, ILE6 5, THR7
4, Cipro ILE6 ILE6, PHE 8, TRP 95, THR 10, THR 7, GLN ILE 6, TRP 95, PRO 97
floxacin PRO 97 93 THR 10, GLN
93
2D Interactions of ciprofloxacin and most active synthesized compounds
Glide Autodock
Ciprofloxacin -
ASN
A9
THR
HOH AT
A:2001
.{\
GLN
A:93 /
H©
ry &
ILE
A6 ’
siig— N A:97
™= M
4 THR
TRP A:10
A:95
12e
3 ey (£
= . ass.. =
97 = H -q . L POCH
A\ o 8
;;sv B __5 2_' \k . N
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Figure 3: 2D Interactions of ciprofloxacin and most active synthesized compounds
CONCLUSION Acknowledgements:

The Swiss ADME study states that the chemicals in three
series of (4a-g/8a-g/12a-g) aniline derivatives had favorable
pharmacokinetic characteristics. They are not BBB
permeant, as demonstrated by the boiled-egg
characteristic. The compounds displayed lead resemblance.
All the compounds showed good to moderate binding
affinities using both the docking tools but results of
Schrodinger module showed better results (binding
affinities and interactions) which were well correlated with
actual biological study. On Auto Dock v.4.0, the molecular
docking analysis of targets revealed good to moderate
binding scores. When these compounds were tested against
E. coli in vitro, they similarly showed good to moderate
activity. We can draw the conclusion from the
aforementioned data that these compounds exhibited lead
similarity and moderate to strong antibacterial activity in
both in vitro and in silico investigations. As a result, there is
a correlation between in-silico and in vitro research. In the
search for novel antibiotics, these moieties can be
investigated further.
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