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' ABSTRACT k
Bis-heterocycles especially those containing pyrazole moiety display much better antibacterial activity than
monoheterocycles. So, a new series of Bi pyrazole derivatives were synthesized by using 4-substituted
acetophenone and phenyl hydrazine. The newly synthesized compounds were characterized by IR, '"H NMR,
and *C NMR analytical data. And evaluated for Anti-bacterial activity, based on the in-silico evaluation of
docking study on Fabh using 4VB as a control inhibitor, among all the four compounds the 7b has shown more
significance in the activity than the others. That have been confirmed by Anti-bacterial in-vitro study.

. Keywords:Bipyrazoles, Fabh-in silico, Anti-bacterial activity )

INTRODUCTION present in most of the organic compounds and
display useful biological properties. Secondly, the

Heterocyclic Chemistry metabolically important molecules are made of

In organic chemistry, heterocyclic compounds heterocyclic rings and hence development and
comprise major part and given important attention delivery of drugs using the understanding and
to chemists because of two reasons. Firstly, in imitating their chemistry.

nature at least one or more of heterocyclic rings
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History of 1, 3-dipolar cycloaddition

The addition of a 1, 3-dipole to an alkene for
the synthesis of five-membered rings is a classical
reaction in organic chemistry. The 1, 3-dipolar
cycloaddition (1, 3-DC) reactions are used for the
preparation  of of
importance for both academia and industry.

molecules fundamental

Basic aspects

A 1,3-dipole is defined as an “a-b-¢” structure
that undergoes 1,3-DC reactions and is portrayed

octet-structure

sextet-structure

Figure 1
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by a dipolar structure as outlined in Figure 2."”
Basically, 1,3-dipoles can be divided into two
different types: the allyl anion type and the
propargyl/allenyl anion type. The allyl anion type
is characterized by four electrons in three parallel
p. orbital’s perpendicular to the plane of the dipole
and that the 1, 3-dipole is bent. Two resonance
structures in which the three centers have an
electron octet, and two structures in which “a” or
“c” has an electron sextet, can be drawn. The
central atom “b” can be nitrogen, oxygen, or sulfur
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Figure 2. The basic resonance structure of 1, 3-dipoles
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DOCKING STUDY
Major steps involved in molecular docking
Step 1-Building the receptor

In this step the 3D structure of the receptor
should be downloaded from PDB and modified.
This should include removal of water molecules
from the cavity, stabilizing charges, filling in the
missing residue, generation of side chain etc.,
according to the parameters available. After
modification the receptor should be biologically
active and stable.

Step 2-Identification of active site

After the receptor is build, the active site within
the receptor should be identified. The receptor may
have many active sites but the one of the interests
should be selected.

Step 3-Ligand preparation

Ligand can be obtained from various databases
like ZINC, PubChem or can be sketched using

b
a’ ¢ eq 1
_b
a” > eq 2

tools like chemsketch. While selecting the ligand,
the Lipinski rule of 5 should be applied. The rule is
very important for drug development where the
pharmacologically lead is
optimized stepwise for increased activity and
selectivity as well as drug like properties.

active structure

Step 4-Docking

This is a last step, where the ligand is docked
into receptor and the interaction are checked. The
scoring function generates depending on which
ligand with best fit was selected.

Molecular docking study

In order to gain more insight on the binding
mode of the compounds with Transferase docking
studies using Auto Dock 4.0.1 were carried out.
Top scoring molecules from the largest cluster
were considered for interaction studies.
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SCHEME OF WORK

o NHNH,
MW, 15 min
+
R
1a-c 2
1. TsNHNH, (1 equiv.)
N-N Toluene, 80 °C, 4h
|/ >
2. NaOMe (5 equiv.)
CHO  RT, 30 min
R
4a-c
R = Br, OMe, CI

Figure 4

EXPERIMENTAL SECTION

General methods and materials

All chemicals and solvents were purchased
from Sigma-Aldrich Pvt. Ltd. and Avra Synthesis
Pvt. Ltd. Infrared (IR) spectra for all compounds
were recorded as neat by Attenuated Total
Reflectance (ATR) mode on a JASCO 6300 FTIR
spectrometer. chromatography  was
performed using thick-walled glass columns along
with a mixture of petroleum ether and ethyl acetate

Column

N—NH
! DMF/ POCI,
R O °C to Reflux
5h
3a-c
N-N =——R, 6a, 6b
| >
4 equiv. 90 °C, 12h
N
H 2
ba-c

R1 = Ph, (CH2)3CH3

on silica gel (100-200 mesh, SRL, India). The
relative proportions of solvents in chromatography
solvent mixtures refer to the volume-to-volume
ratio. Analytical TLC was performed on percolated
plastic sheets of silica gel G/UV-254 of 0.2 mm
thickness (Macherey-Nagel, Germany) using
analytical grade solvents and visualized with
iodine spray (10% w/w I, in silica gel), UV light (A
= 254 and 365 nm) and alkaline KMnQO, solution.
All melting points were measured on open
capillaries and are uncorrected. 'H and *C NMR
spectra were recorded in deuterated chloroform
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(CDCl;) using Bruker spectrometer ("H NMR: 500
MHz; *C NMR: 125 MHz). Proton chemical shifts
(8) are relative to tetramethylsilane (TMS, & =
0.00) as an internal standard and are expressed in
parts per million (ppm). The number of protons (n)
for a given resonance is indicated as NH. Spin
multiplicities are given as s (singlet), d (doublet), t
(triplet), q (quartet), and m (multiple). Coupling
constants (J) are given in hertz (Hz).

Prediction of ADMET

The designed compounds in the drug library
were subjected to preADMET software for the
prediction of ADMET and pharmacokinetic
properties. It is an important CADD tool by which

CHARACTERIZATION OF COMPOUNDS

Spectral data for synthesized compounds

the adsorption, distribution, metabolism, excretion,
and toxicity of the designed molecules were
analyzed. Hereby, determining this factor helpful
for the prediction of the designed molecule were
orally active or not [25-27]. Along with
bidirectional approach on CaCo-2 (human colon
carcinoma cell line and MDCK (Mardin-Darby-
canine kidney) for the prediction of cellular
permeability (endothelial and epithelial cells) lead
to intestinal absorption and efficient for active
transport were investigated [28-29]. On the other
hand, toxicity prediction by drug conception on
carcinogenicity and mutagenicity were
determined [30].

also
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Figure 5IR spectrum of 3'-(4-bromophenyl)-1', 5-diphenyl-1H, 1’H-3, 4’-bipyrazole (7a)
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Figure 6 IR spectrum of 3'-(4-methoxyphenyl)-

Figure 7 IR spectrum of 3'-(4-chlorophenyl)-1', 5-diphenyl-1H, 1°H-3, 4’-bipyrazole(7c)
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Figure 8 IR spectrum of 5-butyl-3'-(4-chlorophenyl)-1'-phenyl-1H, 1’H-3, 4’-bipyrazole (7d)
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Figure 9 '"H NMR spectrum of 3'-(4-bromophenyl)-1', 5-diphenyl-1H, 1’H-3, 4’-bipyrazole (7a)
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Figure 10 °C NMR spectrum of 3'-(4-bromophenyl)-1',5-diphenyl-1H,1'H-3,4'-bipyrazole (7a)
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Figure 11 'H NMR spectrum of 3'-(4-methoxyphenyl)-1',5-diphenyl-1H,1'H-3,4"-bipyrazole (7b)
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Figure 12"°C NMR spectrum of 3'-(4-methoxyphenyl)-1',5-diphenyl-1H,1'H-3,4'-bipyrazole (7b)
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Figure 13'H NMR spectrum of 3'-(4-chlorophenyl)-1',5-diphenyl-1H,1'H-3,4"-bipyrazole (7c)
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Figure 14 *C NMR spectrum of 3'-(4-chlorophenyl)-1',5-diphenyl-1H,1'H-3,4"-bipyrazole (7¢)
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Figure 15'H NMR spectrum of 5-butyl-3'-(4-chlorophenyl)-1'-phenyl-1H,1'H-3,4'-bipyrazole (7d)
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Figure 16 °C NMR spectrum of 5-butyl-3'-(4-chlorophenyl)-1'-phenyl-1H,1'H-3,4"-bipyrazole (7d)

CHARACTERIZATION

7a, 84%

Figure 17: 3'-(4-bromophenyl)-1',5-diphenyl-1H,1'H-3,4'-bipyrazole (7a)

Colourless solid; mp 148-150 °C; IR (cm'l): 3055,3072,2924,2855,1630; '"H NMR (500 MHz, CDCl;): 6
8.38 (1H, s), 7.79 (2H, d, J= 7.7 Hz), 7.75 (2H, dd, J= 7.6, 1.5 Hz), 7.64 (2H, d, J= 8.4 Hz), 7.57 2H, d, J =
8.4 Hz), 7.43-7.51 (5H, m), 7.34 (1H, t, J = 6.9 Hz), 6.40 (1H, s); ">*C NMR (125 MHz, CDCl5): 8 170.1, 156.5,
150.4, 139.5, 131.7, 131.5, 130.4, 130.3, 129.6, 129.0, 127.9, 127.3, 125.9, 122.9, 119.3, 110.7, 99.2.
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7b, 88%

Figure 18: 3'-(4-methoxyphenyl)-1',5-diphenyl-1H,1'H-3,4'-bipyrazole (7b)

Colourless solid; mp 132-134 °C; IR (cm™): 3100,3046,2922,2864,1673,; 'H NMR (500 MHz, CDCL;): §
8.39 (1H, s), 7.79 (2H, d, J = 8.4 Hz), 7.74 (2H, d, J = 7.7 Hz), 7.67 (2H, d, J = 9.2 Hz), 7.42 — 7.49 (5H, m),
7.32 (1H, t, J = 6.9 Hz), 6.98 (2H, d, J = 8.5 Hz), 6.39 (1H, s), 3.85 (3H, s); *C NMR (125 MHz, CDCl;): §

169.8, 160.0, 156.9, 151.5, 139.6, 130.2, 130.1, 129.5, 129.0, 127.6, 127.4, 126.9, 125.9, 124.9, 119.2, 113.9,
110.5, 99.3, 55.4.

7c, 82%

Figure 19: 3'-(4-chlorophenyl)-1',5-diphenyl-1H,1'H-3,4'-bipyrazole (7¢)

Colourless solid; mp 110-112 °C; IR (cm™): 3313,3068,3036,2856,1625; 'H NMR (500 MHz, CDCLy): &
8.39 (1H, s), 7.79 (2H, d, J = 7.7 Hz), 7.74 — 7.76 (2H, m), 7.70 (2H, d, J = 8.4 Hz), 7.40-7.51 (7H, m), 7.35
(1H, t, J = 7.7 Hz), 6.39 (1H, s); *C NMR (125 MHz, CDCly): § 170.1, 156.6, 150.4, 139.5, 134.7, 130.9,
130.4, 130.1, 129.6, 129.0, 128.7, 127.9, 127.2, 125.9, 119.3, 110.7, 99.2.
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7d, 79%

Figure 20: 5-butyl-3'-(4-chlorophenyl)-1'-phenyl-1H,1'H-3,4'-bipyrazole (7d)

Colourless solid; mp 94-96 °C; IR (cm'l): 3276,3072,2924,2856,1626; '"H NMR (500 MHz, CDCl;): 6 8.32
(1H, s), 7.76 (2H, d, J = 7.7 Hz), 7.65 (2H, d, J = 8.4 Hz), 7.48 (2H, t, J= 7.7 Hz), 7.39 (2H, d, J = 8.5 Hz),
7.33 (1H, t,J=17.6 Hz), 5.84 (1H, s), 2.73 (2H, t, J= 7.7 Hz), 1.64-1.68 (2H, m), 1.38 (2H, sextet, J = 6.9 Hz),
0.93 (3H, t, J = 6.9 Hz); *C NMR (125 MHz, CDCl;): 6 173.9, 155.8, 150.4, 139.5, 134.6, 131.1, 130.0, 129.6,
128.6,127.8,127.1,119.2, 111.1, 100.6, 29.5, 26.4, 22.1, 13.7.

DOCKING STUDIES
Figures and tables (significant compounds)

Docked pose of Compound 7b and SBNS binding site

Figure 21: Hydrogen bond interactions on Compound 7b and SBNS (green dashed lines) and
Hydrophobic bonds (Pink dashed lines) and other amino acid residues
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Figure 22

Table 1.Docking score of synthesized compounds (7a-7d) on SNBS

Ligands Docking score (kcal/mole)
(5BNYS)
7a -8.66
7b -8.88
Tc -8.52
7d -8.29
Control Inhibitor - 4VM -9.56

4VM = 1-{5-[2-fluoro-5-(hydroxymethyl) phenyl] pyridin-2-yl}-N-(quinolin-6-ylmethyl) piperidine-4-
carboxamide)

Table.2 ADME (Absorption, Distribution, Metabolism, Excretion) properties and drug-likeness scores of the
synthesized compounds

Compound code BBB* PPB" HIA © CaCo-2 1 MDCK °©
7a 12.96 100.00 94.78 49.93 0.17
7b 9.09 100.00 94.55 34.32 0.97
7c 12.79 100.00 94.63 50.35 3.22
7d 13.10 100.00 94.28 50.92 1.46

* Blood-Brain Barrier penetration, ® Plasma Protein Binding, © Human Intestinal Absorption,
4 Caco-2 cell permeability, *MDCK cell permeability

Table.3. Toxicity prediction of synthesized compounds

Compound code Ames test mutagenicity Mouse carcinogenicity Rat carcinogenicity

7a Mutagen Positive Positive
7b Non-mutagen Negative Negative
Tc Mutagen Positive Negative
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7d mutagen

Posi

tive Negative

IN VITRO ANTIBACTERIAL STUDY

Methods for antimicrobial stability test

The standard Kirby-Bauer disk diffusion
method was used to determine the antimicrobial
activity. Escherichia coli, aurous was inoculated in
nutrient broth and incubated at overnight. After
overnight incubation, the bacterial culture was
swapped into solidified Muller Hinton agar plate

and made wells of 6mm diameter were punched in
the plate. Add different concentration of
compounds, was dispensed in separate wells. The
plates were incubated at 37° ¢ for 24 hour. After
incubation, the diameter of zone of inhibition
around the wells were measured and recorded.

Standard drug used: Ciprofloxacin
Solvent used: DMSO

Table4: Antibacterial study of Bipyrazole compound

Micro organisms Compounds 250pg/ml 500pg/ml 1000pg/ml Ciprofloxacin (1 mg/ml)

7(a) 15mm
7(b) 14mm
7(¢c) 14mm
7(d) 15mm
Escherichiae
Coli

16mm
18mm
16mm
16mm

18mm 25
20mm 24
17mm 24
18mm 25

Antibacterial activity of 7(a-d) -in 250ug, 500ug, 1000ug, standard drug 1mg

RESULTS AND DISCUSSION
Synthetic methodology

A series of novel class of Synthesis of (3'-(4-
substitutedphenyl)-1'-phenyl-5-substituted-1H,1'H-
3,4'-bipyrazoles synthesized from the
mixtures of 4-substituted acetophenone, phenyl
hydrazine, irradiation method
followed by conventional method with good yield
(between 80-90%)

Characterization of synthesized compounds

were

by microwave

e The purity of synthesized compounds was
confirmed by melting point and TLCUsing
Cyclohexane and Ethyl acetate (80:20)as
mobile phase.

e The structures of synthesized compounds
were confirmed by FT-IR, '"H-NMR,*C-NMR
spectral analysis results were correlated with
the expected structure.

Docking study

The newly designed molecules are energy
minimized and the resulting molecules are
considered for docking analysis for action on
Transferase enzyme using auto dock 4.0.1. Auto
dock is employed to study the docking molecules
within active site region of E.coliFabh with small

molecules inhibitor -2 (PDB ID: 5BNS)
interaction. Docking score and ADMET properties
are represented in table land 2 among the studied
compounds, compound 7b have highest binding
score when compared with standard drugs
ciprofloxacin.

AND found that the synthesized compounds
have shown the significant score, among them 7b
have shown more significance.

The designed compounds in the drug library
were subjected to preADMET software for the
prediction of ADMET and pharmacokinetic
properties, determining this factor helpful for the
prediction of the designed molecule were orally
active or not for the prediction of cellular
permeability (endothelial and epithelial cells) lead
to intestinal absorption and efficient for active
transport investigated. By which the
synthesized compounds were posses minimum
permeability in the range of 0.1 to 3.22 were
clearly depicted that those compounds were orally
active drugs and enhances the bioavailability.

On the other hand, toxicity prediction by drug
conception on carcinogenicity and mutagenicity
were also determined. These titled compounds
were possess middle absorption range as 9.0 to

were
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13.10 values the toxicity prediction of synthesized
compounds was mentioned, in which Ames test
was incorporated to assessing the mutagenic
property of the drug molecules. This test was
generally used for the determination of bacteria in
which the chemical molecule caused DNA
mutations or not. By which the mutagenic property
of synthesized molecules was predicted, in which
7b were nonmutagenic and existing are mutagenic
to the Ames test were observed. Along with
carcinogenicity of mouse and rat were predicted in
which positive result was noted that those were no
evidence of carcinogenicity i.e., the compounds
did not exhibit carcinogenic by nature.

In vitro antibacterial study

The antibacterial properties of the Bipyrazole
compound are identified by disk diffusion method
by using ciprofloxacin as standard drug. The
results indicate that, the title compound showed
inhibition of growth against tested microorganisms
significantly, among all the compound 7(b) shows
more significance.
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