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Abstract: Two Schiff base ligands KL-3 and KL-4 were synthesized using thiosemicarbazide with pyridine-4-
carboxaldehyde and para-nitrobenzaldehyde, respectively. Further, the complexation of our synthesized Schiff
bases with Co (1), Ni (I1), Cu (1), and Zn (I1) ions was carried out successfully. Our synthesized compounds KL-
3 and KL-4 act as deprotonated tridentate ligands. Physical, spectral, and analytical data characterized Schiff bases
and their complexes. Schiff bases and their complexes were screened for antibacterial activity against strains such
as Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa. The metal complexes were more potent
in antibacterial activity against selected bacterial species than Schiff bases KL3 and KL4. Molecular docking
studies of KL3 and KL4 were performed on protein chosen Penicillin-Binding Protein 6 (PBP6) from E. coli,
Penicillin-Binding Protein 4 (PBP4) from S. aureus and Mycobacterium Tuberculosis Glutamine Synthetase
protein (MTGS) from Mycobacterium Tuberculosis. Comparative analysis of docking scores with standard drugs
showed good binding affinity in the active site of the selected protein. The molecular docking scores of the KL-3
and KL-4 Schiff bases confirm our in-vitro biological analysis results.
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1. Introduction

During the year 1864, Hugo Schiff synthesized his
first Schiff base. During the condensing reaction of
the active carbonyl group with a primary amine
compound, the Schiff base consists of functional
carbonyl groups and imine compounds. The synthesis
of a Schiff base was performed by Hugo Schiff in the
year 1864. The synthesis of Schiff base was composed
of an active carbonyl group and imine compounds
formed by the condensation reaction of a primary
amine compound. Antimicrobial activity is the
foremost characteristic of Schiff bases *. Compounds
based on Schiff bases that form complexes with metal
ions act as chelating ligands 2°. Their work was
combined with Dynamic Covalent Chemistry (DCC)
of imine covalent bonds in metal-organic systems *°
By preparing certain chocolate-containing di-
aldehydes 57, sulfur atoms have been successfully
inserted into macrocyclic Schiff bases. Still,
selectivity and center specificity must be considered
when designing such ligands. Schiff base exhibits a
wide range of pharmacological activities like
antibacterial 8, antifungal °, antioxidant activity *°,
antitumor **, and anti-inflammatory activity *?, etc.
Schiff base metal complexes derived from transition
metal elements ** play crucial roles as bio-ligands in

the biological system, and they have significant
applications in the field of food chemistry, the dye
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industry, the field of catalysts 46, etc. Due to
different ligand-metal interactions, their electronic
properties change "8, The change in their electronic
properties via other ligands to metal signals from
these sensors comes from solid interactions between
metal ions and sample molecules '°%?. Several
variations of Schiff bases have been synthesized in the
past. (L-M) and Metal to Ligand (M-L) (i.e., m—m*, n—
*) charge transfer processes produce the sensing
signal 2?°. Origen of signal from these sensors
emerges a strong metal ion interaction with sample
molecule 5?7, Better solubility, lower cost, and lower
cytotoxicity, and there have been many applications
for them, including catalysis, enzymatic reactions,
electronics, cosmetics, polymer manufacturing 28,
luminescence materials, magnetism, and molecular
design. Molecular Schiff bases represent a significant
class of active molecules from a pharmacological
perspective of luminescence materials, magnetism,
and molecular design. Schiff bases (azomethine,
—C=N-) show primarily antibacterial activity 2°%C,
They are among the most efficient agents for
increasing  antimicrobial activities in  many
compounds and/or extending the spectrum of an
antibiotic against a resistant bacterium to include a
common bacterial pathogen 3¢, Chemists have been
interested in Schiff bases for decades because they
represent an important class of active molecules in
pharmacology *’. Several studies underline the
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importance of Schiff bases as antimicrobial
agents 3840,
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Figure 1. Structure of Antimicrobial Schiff bases

For the synthesis of bioactive intermediate
compounds, thiosemicarbazides are often used “*,
The importance of carbazides, carbazones, and
Thiosemicarbazone moieties plays a significant role
in inhibiting these enzymes' thiosemicarbazide
moieties capable of forming stable complexes with
divalent metal ions through chelation. Despite their
relatively short history, their transition metal
complexes are being investigated for their potential to
inhibit a range of pathogens, including flu, protozoa,
variola (smallpox), and cancers % Due to these
features, carbazides and thiosemicarbazide have
become important topics of research for chemists and
pharmacists. They attracted much attention. Their
transition metal complexes have overgrown because
of the discovery of their effects on flu, protozoa,
variola (smallpox), certain types of tumors, and fungi
445 Due to these features, carbazides and
thiosemicarbazide have become noteworthy research
topics for chemists and pharmacists. They attracted
much attention, and the number of studies on these
substances has increased rapidly.

2-Experimental

2.1 Materials and Methods

Pyridine- 4 carboxaldehyde was purchased from
Sigma Aldrich assay 97%, thiosemicarbazide
(CHsN3S) assay 99%, and Merck TLC Silica Plates
20x20 cm? were purchased from Sigma-Aldrich. TLC
paper, Acetic acid (CH3COOH), Methanol (CH;OH),
and ethanol (CH3CH,OH) were purchased from
HiMedia Laboratories Pvt. Ltd. Chemical solvents are
used in analytical grades. All the salt and reactants
were dried before use, and moisture was omitted from
the glass apparatus using CaCl, drying tubes. The

reagents and solvents which was used for synthesis
were  bought from  Fluka, Loba-Chemie,
Spectrochimica, etc., and these were used after further
purification. Solvents are used in analytical grades.
For the preparation of metal complexes of
corresponding Schiff bases, the nitrate salts of metals
were used to synthesize metal complexes. Silica-
coated aluminum TLC plates determined the products'
purity and reactions monitored under the U.V
chamber. Open capillaries were used to determine the
melting points of all compounds. A Bruker FT-IR
spectrophotometer was used to record the spectra of
all synthesized compounds. A Thermos Scientific
Spectrophotometer (Multiskan Go) was used to
measure the UV/VIS spectra of synthesized Schiff
bases and their metal complexes under 200-800 nm
wavelength using DMSO solventProton NMR
[*HNMR] spectra were recorded in DMSO-ds on a
JEOL Delta-550 spectrometer (400 MHz). Mass
spectra were learned on Bruker Compass Data
Analysis 4.0.

2.2-General synthetic procedure for ligand (KL-3)
The Schiff base was synthesized by the reported
method %60, by condensing pyridine- 4
carboxaldehyde and thiosemicarbazide (2.0mmol) in
ethanol (10ml) with thiosemicarbazide (1mmol) in
ethanol (10mL) dissolved separately an aldehyde was
added drop by drop to the compound (amine) under
stirring. The resulting mixture was mechanically
stirred for 30 minutes at room temp. Further, a few
drops of dilute acetic acid were added to the reaction
mixture, followed by refluxing at 60-650°C. Silica-
coated aluminum TLC plates monitored the progress
of the reaction under the UV chamber. Hexane and
ethyl acetate were taken (7:3v/v) as eluent.

S N7 S
N7 )k EtOH | . J\ P
| =0 ’ HZN\E NH, AcOH, 4hr. A z \E N/\O
_N
Pyridine 4 carboxaldehyde Thiosemicarbazide (QE,NE)-N,2-bis(pyridin-4-ylmethylene)

hydrazinecarbothioamide

Scheme 1. Synthesis of KL-3

2.2.1-Synthesis of (2E, NE)-N,2-bis(pyridine-4-
ylmethylene)hydrazinecarbothioamide-[KL-3]-

Pyridine -4 Carboxaldehyde derivatives, In 10 mL of
ethanol, derived (1mmol) and thiosemicarbazide
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(Immol) were dissolved separately, and aldehydes
were added, stirring. The resulting mixture was stirred
for 30 minutes at rt. A few drops of dilute acetic acid
were added to the reaction mixture, and the mixture
was refluxed at 60-65 °C for 5-7 hr, and TLC
monitored the completion of the reaction. Cooling the
reaction mixture afforded precipitation, which was
filtered, washed with DCM methanol (2:1), and dried
under a vacuum. Dark orange amorphous powder;
Yield: 0.572g (81%).; mp. 156 °C.

K. Chourasia et al.
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FTIR (selected vibrations; cm™); 1648 cm-!
(C=N),1582 cm-! (CNO,), 3257 cm-%, 3493 cm-!
(N-H),

'HNMR Spectra of KL-3 *HNMR (DMSO- ds, 3,
ppm); 9.9 (d, 1H,J=9.0 Hz), 8.88 (d, 1H, J = 2.3 Hz),
8.069, 8.24 (m, 2H, CH), 8.06 (m, 1H), 7.0 (NH), 7.72
(m, 1H), 7.4 (m, 1H); (CDCI3, 400MHz)/6 ppm as
shown in Figures 2, 3 and 4.

Chemical Formula: C13H11NsS Exact Mass: 269.0735
Molecular Weight: 269.3249m/z: 269.0735 (100.0%),
shown in Table 1.

Elemental: C, 57.97; H, 4.12; N, 26.00; S, 11.9.

100 1
90 -
80 -
70 - 3257

60 -

50 4

% Transmittance

40 4

30 1

-

1648~

-
L

1582~

20

4000 3500

3000

2500

2000 1500

Wavenumber (cm™)

Figure 2. IR Spectra of KL-3

Figure 3. NMR spectra of KL-3
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Figure 4. U.V. Visible spectra of KL-3
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2.2.2. General synthetic procedure for [M(L-1)2]:
Complexes of KL-3-have been synthesized using
metal(Il) nitrates. To a stirring methanolic solution of
KL-3and KL-4 (1.0 mmol), 0.282g/0.327g) and KOH
(2.0 mmol, 0.0564), a methanolic solution of metal(Il)
nitrates (1.0 mmol) were added dropwise in a
methanolic solution of KL-3 and KL-4 respectively at
room temperature. The resulting reaction mixture was
further stirred for 30 minutes. Further, The reaction
mixture was refluxed at 60-70 °C for 2-4 h, and TLC
monitored the completion of the reaction. Cooling the
reaction content resulted in a precipitate, which was
filtered, washed with methanol (5 mL) followed by
diethyl ether (3 x 5 mL), and dried in a vacuum.

2.2.3. Synthesis of (2E, NE)-N,2bis(pyridine-4-
ylmethylene)hydrazinecarbothioamide, cobalt(l1)
salt-The reaction was carried out following general
procedure by using KL-3 (1.0 mmol)and Co(NOs).
(2.0 mmol) as metal (Il) nitrate; Light pink, yield
1.145 g (81 %); FTIR (cm™): 1689 (C=N), 739
(C-H); Chemical Formula: Ci3H1;CoNsS**Exact
Mass:  328.0056Molecular  Weight:  328.2570
Elemental Analysis: C, 47.57; H, 3.38; Co, 17.95; N,
21.33; S, 9.77 Calculated:: C, 47.47; H, 3.32; Co,
17.91; N, 21.30; S, 9.74m/z: 164.0028 (100.0%),
164.5045 (14.1%), 165.0007 (4.5%), 164.5014
(1.8%).

2.2.4. Synthesis of (2E, NE)-N,2-bis(pyridine-4-
ylmethylene)hydrazinecarbothioamide, copper(l1)
salt-The reaction was carried out following general
procedure by using KL-3 (1.0 mmol)and Cu(NOs);
(2.0 mmol) as metal (II) nitrate; Light green, yield
1.14g (81 %); Chemical Formula: Ci3H1;CuNsS?*
Exact Mass: 332.0020Molecular Weight: 332.8698

T
XX /N\

NZ | S
Ao~

\Coﬂ/ N
N/

Y
T

N
H

K. Chourasia et al. 255

m/z: 166.0010 (100.0%), 167.0001 (44.6%),
166.5027 (14.1%), 167.5018 (6.3%), 166.9989
(4.5%), 167.9980 (2.0%), 166.4996 (1.8%).
Elemental Analysis: C, 46.91; H, 3.33; Cu, 19.09; N,
21.04; S, 9.63 Calculated: C, 46.89; H, 3.31; Cu,
19.00; N, 21.00; S, 9.45.

2.2.5. Synthesis of (2E, NE)-N,2-bis(pyridine-4-
ylmethylene) hydrazinecarbothioamide, nickel (I1)
salt-The reaction was carried out following general
procedure by using KL-3 (1.0 mmol)and Ni(NOs).
(1.0 mmol) as metal (Il) nitrate; Dark green, yield
(80%).

Chemical Formula: CisH1iNsNiS?* Exact Mass:
327.0078 Molecular Weight: 328.0172 m/z: 163.5039
(100.0%), 164.5016 (38.5%), 164.0056 (14.1%),
165.0033 (5.4%), 165.5004 (5.3%), 164.5018 (4.5%),
164.0024 (1.8%), 165.4995 (1.7%), 165.0018 (1.7%),
166.5002 (1.4%).

Elemental Analysis: C, 47.60; H, 3.38; N, 21.35; Ni,
17.89; S, 9.78 Calculated, 47.57; H, 3.37; N, 21.32;
Ni, 17.82; S, 9.75.

2.2.6. Synthesis of (2E, NE)-N,2-bis(pyridine-4-
ylmethylene)hydrazinecarbothioamide,  zinc(ll)
salt -The reaction was carried out following general
procedure by using KL-3 (1.0 mmol)and Zn(NOs),
(1.0 mmol) as metal (I1) nitrate; Dark green, yield
(78 %);

Chemical Formula: Ci3H11NsSZn?* Exact Mass:
333.0016 Molecular Weight: 334.7038 m/z: 166.5008
(100.0%), 167.4993 (57.4%), 168.4987 (38.6%),
167.0025 (14.1%), 167.9998(8.4%), 168.0009 (8.1%),
169.0003 (5.4%), 167.4987 (4.5%), 168.4971 (2.6%),
166.9993.
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Figure 5. Proposed structures of KL-3 ligands and their metal complexes
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3. General synthetic

procedure for ligand (KL-4)- The Schiff base was
synthesized by the reported procedure “*° by
condensing pyridine- 4 carboxaldehyde (2.0mmol) in
ethanol (10 ml) with thiosemicarbazide (1mmol) in
ethanol (10 ml) were dissolved separately, and
aldehyde was added to the amines under stirring. The
resulting mixture was stirred for 30 minutes at room
temp. Further, a few drops of dilute acetic acid were
added to the reaction mixture, followed by refluxing

+II S

- O/N
+ HoN_ )J\ EtOH, AcOH
N NH, ——F=7 >
—0 H 4-5h

4 nitrobenzaldehyde Thiosemicarbazide

K. Chourasia et al. 255

at 70-75°C. Hexane and ethyl acetate were taken
(7:3v/v) as eluent.

FTIR (selected vibrations; cm™); 1670 cm-!
(C=N),1520 cm? (C-NOy), 2982 cm-1, 3493 cm-!,
(N-H) as shown in Figure 6.

'H NMR Spectra of KL-4 'HNMR (DMSO- ds, §,
ppm); 9.9 (d, 1H,J=9.0 Hz), 8.88 (d, 1H, J = 2.3 Hz),
8.069, 8.24 (m, 2H CH), 8.06 (m, 1H), 7.0 (NH), 7.72
(m, 1H), 7.4 (m, 1H); (CDCI3, 400MHz)/0 ppm as
shown in Figure 7.

Chemical Formula: C15 H11NsO4S, Exact mass 357.
o)

Il +
N

(2E,NE)-N,2-bis(4-nitrobenzylidene)hydrazinecarbothioamide

Scheme 2. IR Spectra of KL-4

1.00 ]
0.98 ,{
NH 3493

0.96 T

0.94 ]

Transmittance%

0.92 ]

0.90 | KL-3

-CONH, 2982

-CNO,1520

4
C=N 1670

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber em™!

Figure 6. NMR Spectra of KL-4

Figure 7. NMR Spectra of KL-4
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Figure 8. UV/VIS spectra of the compound KL-4 and its metal complexes
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Proposed structures of ligand KL-4 and their metal complexes

3.1-Synthesis  of (2E, NE)-N,2-bis(4-nitro
benzylidene) hydrazinecarbothioamide, cobalt (I1)
salt-The reaction was carried out following general
procedure by using KL-4 (1.0 mmol) and(NOs), (1.0
mmol) as metal (Il) nitrate; pink, yield (78 %);
Chemical Formula: CisH11CoNsO4S?* Exact Mass:
415.9853 Molecular Weight: 416.2760 m/z: 207.9927
(100.0%), 208.4943 (16.2%), 208.9906 (4.5%),
208.4912 (1.8%), 208.9960 (1.2%)

Elemental Analysis: C- 43.28; H, 2.66; Co, 14.16; N,
16.82; O, 15.37; S, 7.70, Calculated: C- 43.27; H,
2.64; Co, 14.16; N, 16.80 2; O, 15.37; S, 7.70.

3.2-Synthesis  of  (2E,  NE)-N,2-bis(4-nitro
benzylidene) hydrazinecarbothioamide, nickel (11)
salt--The reaction was carried out following general
procedure by using KL-4 (1.0 mmol)and Co(NO3),
(2.0 mmol) as metal (I1) nitrate; Dark green, yield

(83%); 1): Chemical Formula: CisHi1iNsNiO,S?*
Exact Mass: 414.9874Molecular Weight:
416.0362m/z: 207.4937 (100.0%), 208.4915 (38.5%),
207.9954 (16.2%), 208.9931 (6.2%), 209.4902
(5.3%), 208.4916 (4.5%), 207.9923 (1.8%), 209.4894
(1.7%), 208.9916 (1.7%), 210.4900 (1.4%), 208.4971
(1.2%).

Elemental Analysis: C, 43.30; H, 2.66; N, 16.83; Ni,
14.11; O, 15.38; S, 7.71Calculated: C, 43.30; H, 2.66;
N, 16.83; Ni, 14.11; O, 15.38; S, 7.71.

3.4-(2E, NE)-N,2-bis(4-nitrobenzylidene)
hydrazinecarbothioamide, copper (1) salt

The reaction was carried out following general
procedure by using KL-4 (1.0 mmol) and (NOs),
(1.0 mmol) as metal (1) nitrate; green, yield (81 %);
FTIR (cm™): Chemical Formula: CisH11CuNsQ4S?*,
Exact Mass: 419.9817Molecular Weight:
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420.8888m/z: 209.9909 (100.0%), 210.9900 (44.6%),
210.4925 (16.2%), 211.4916 (7.2%), 210.9888
(4.5%), 211.9879 (2.0%), 210.4894 (1.8%), 210.9942
(1.2%).

Elemental Analysis: C, 42.80; H, 2.63; Cu, 15.10; N,
16.64; O, 15.21; S, 7.62.

3.5-(2E,NE)-N,2-bis(4-nitrobenzylidene)
hydrazinecarbothioamide Zinc (I1) salt
The reaction was carried out following general
procedure by using KL-4 (1.0 mmol) and Cu (NOs3),

K. Chourasia et al. 254

(1.0 mmol) as metal (I1) nitrate; White, yield (68%);):
Chemical Formula: CisH11NsO4SZn?**Exact Mass:
420.9812Molecular Weight: 422.7228m/z: 210.4906
(100.0%), 211.4891 (57.4%), 212.4885 (38.6%),
210.9923 (16.2%), 211.9908 (9.3%), 211.9896
(8.4%), 212.9902 (6.3%), 211.4885 (4.5%), 212.4870
(2.6%), 210.9892 (1.8%), 213.4864 (1.7%), 212.4913
(1.4%), 213.4887 (1.3%), 211.4940 (1.2%), 211.9876
(1.1%)

Elemental Analysis: C, 42.62; H, 2.62; N, 16.57; O,
15.14; S, 7.59; Zn, 15.47

Table 1. The ESI-MS spectral data of ligand KL-3, KL-4, and metal complexes.

S.N. SAMPLE
1 KL-3 269
2 KL-4 357
3. KL-3 Zn 333
4 KL-4 Cu 209

4. Molecular docking study of the synthesized
compounds.

In order to predict the interaction of our synthesized
compounds with selected macromolecular targets,
AutoDock Vina software is used. The motivation of
our molecular docking analysis is to dock our
synthesized compound in the binding site of the
chosen protein Penicillin-Binding Protein 6 (PBP6)
from E. coli, Penicillin-Binding Protein 4 (PBP4)
from S. aureus and Mycobacterium Tuberculosis
Glutamine Synthetase protein from Mycobacterium
Tuberculosis and compared the docking scores with
standard drugs used against the selected pathogen.

m/Z[M+]*

m/Z[M+1]*
270
358.00
334
210.

Auto Dock Vina is an automated module virtual
software that offers a faster search method and scoring
function. It provides reproducible results with
upwards of 20 flexible bonds for larger systems 5%
PYRAZINAMIDE(Z) and CIPROFLOXACIN are
used as standard Drugs. As shown in Table 2.

4.1. Selection of the Protein

We have selected three types of protein for our study,
obtained from the Protein Data Bank.

4.1.1. Crystal structure of Penicillin-Binding Protein
6 (PBP6) from E. Coli [PDB ID: 3ITA], Figure 9.

Figure 9. Structure of Protein [PDB ID: 31TA]

4.1.2. Crystal Structure of Penicillin-Binding Protein
4 (PBP4) from Staphylococcus Aureus [PDB ID:
3HUN], Figure 10.
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Figure 10. Structure of Protein [PDB ID: 3HUN]

4.1.3. Crystal structure of Mycobacterium Glutamine  Synthetase from  Mycobacterium
Tuberculosis Tuberculosis [PDB ID: 3ZXR].

Figure 11. Structure of Protein [PDB ID: 3ZXR]

Ligands structure was prepared with Chembiodraw 3D Ultra
We have selected our synthesized KL3 and KL4 12, and energy was minimized.
ligands for the molecular docking analysis. The

KL3

KL4
Figure 12. KL3 and KL4 structure
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4.2. Results of Molecular Docking-

Our ligand KL-4 exhibited excellent docking results
with Penicillin-Binding Protein 6 (PBP6) from E. coli.
The 2D binding pose of the KL-4 ligand shows five
conventional hydrogen bonds with SER10, SER94,

SER

E:54
SER
10

L¥5
C:250

K. Chourasia et al. 256

LYS250, GLN92, and ASP91, as highlighted by green
colored bond. These are very crucial for a prominent
docking score. Pi-pi T-shaped interaction with
TRP254. Van der waals interaction with ASN187 and
GLU?7. Pi-anion interaction with ASP97.

TRP
254

PHE
C258

LY's
B85

Figure 13. 2D pose of KL-4 with PBP6 PDB ID-3ITA

Figure 14. 3D poses of KL-4 with PBP6 PDB ID-3ITA

Our ligand KL4 exhibited excellent docking results
with Penicillin-Binding Protein 4 (PBP4) from S.
aureus PDB ID — 3HUN. Conventional hydrogen
bond with LYS221. Pi-sulfur interaction with

TRP254. Pi-pi stacked interaction with PHE225. Pi-
alkyl interaction with ALA129. Electrostatic
interaction with ASP130.

ASP
Bi130

GLN
A133
PHE
A:225

ALA
A:129

LYS
B:221

Figure 15. 2D pose of KL-4 with PBP4 PDB ID-3HUN
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Figure 16. 3D pose of KL-4 with PBP4 PDB ID-3HUN

Mycobacterium tuberculosis glutamine synthetase 4 against Mycobacterium tuberculosis glutamine
(MtGS) is a promising target for antituberculosis drug synthetase.
discovery. We docked both the ligands KL-3 and KL-

ALA ASP
€190 187
..‘
"
*
.
+
VAL
196
ASN
B:251 GLM LEU
ARG C:194 198
B:84

Figure 17. 2D pose of ligand KL-3 in the binding site of Mycobacterium tuberculosis glutamine synthetase
protein

Pi-sigma interaction with LEU198. Pi-alkyl hydrogen bonds with ASN251 and GLN194.
interaction with ALA190, VAL196, ARG84. Carbon

I\

LELMS9G

AN

Figure 18. 3D pose of ligand KL-3 in the binding site of Mycobacterium tuberculosis glutamine synthetase

protein
KL-3 ligand interaction affinity (kcal/mol) =-6.0 glutamine synthetase protein, Depicted in Figure 20.
KL-4 ligand interaction with Mycobacterium Conventional hydrogen bond with ARG176, SER173,
tuberculosis glutamine synthetase protein.- GLN255. Pi-sigma interaction with ILE158. Pi-alkyl
Our ligand KNPT showed excellent docking results in interaction with VAL196 and ALA190, Depicted in

the binding site of Mycobacterium tuberculosis Figure 19.
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Figure 19. 2D pose of ligand KL4 in the binding site of Mycobacterium tuberculosis glutamine synthetase
protein

Figure 20. 3D poses of ligand KL-4in the binding site of Mycobacterium tuberculosis glutamine synthetase
protein

Table 2. Comparison of docking scores of KL-3 and KL-4 Ligands with STD DRUGS.

Compound DOCKING SCORE in Kcal/mol
KL-3 -6.0
KL-4 -7.1
PYRAZINAMIDE(Z) -4.69
CIPROFLOXACIN -6.45

5. Antimicrobial Activity

5.1. Antifungal activity- (in vitro)

For the experimental purpose, the fungus, Candida
albicunswastaken  from the Department of
Microbiology of the Harisingh Gour University in
Sagar, MP was recorded using KBr pellets at 28°
Chotometer. Antifungal activity of all compounds
was conducted on a solid Czapek dox medium using
a suitable diffusion method against A. Niger. Using a
wet cotton swab, all the Spores of A. Niger was
collected, followed by spreading these on a Czapek
dox medium. Using a sterilized cork borer, six-mm-
diameter wells are created in solid agar plates
containing Czapek dox medium. After pouring 100pL
of sample into a well, the plates incubate at 30°C for
48 hours. All values in mm and the activity against

Candida albicans of both ligands and their metal
complexes are shown in Figures 21 and 22.

5.2. Antibacterial activity

Similarly, the antibacterial activity does assess against
Bacillus subtillis S. aureus grew and maintained on a
nutrient agar medium. Mukherjee et al. described an
in vitro method for measuring the antibacterial
activity of compounds 5%, 10 minutes of
centrifugation, the overnight old bacterial culture was
centrifuged at 10000 g. The bacterial pellet was
washed by suspension in sterile distilled water (20
mL) followed by centrifugation at 10000 g, then
resuspended in sterilized distilled water and used for
the assay. Solid nutrient agar plates were prepared by
spreading a bacterial suspension and creating wells
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(6mm in diameter) using a sterilized cork borer. After
pouring 100 p litters of test samples into wells, plates
were placed in an incubator at 37°C for 24 hours.
After incubation, the inhibition zones were recorded

20 ‘L

18 e
16
14
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N |
6
4
2
0
KL-3 Co
Bacillus subtillis 10 17
S.aureus 5 20
Candida Albicanc 8 18

Bacillus subtillis

S.aureus
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as the total diameter of the zone of inhibition (mm)
minus the diameter of the well. All test runs were
conducted in triplicate, and the average inhibition
value was presented as an activity.

L
L

Ni Cu Zn
12 13
9 19
11 16

Candida Albicanc

Figure 21. Antimicrobial study of KL-3 and its metal complexes
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Figure 22. Antimicrobial study of KL-4 and its metal complexes

6. Results and Discussion

The Schiff bases and their metal complexes were
synthesized using the two-step reaction protocols
outlined in Scheme-1I and Scheme-II. (KL-3 and KL-
4) analyzed the compounds using FT-IR, 'HNMR,
UV-VIS, and HRMS spectra to confirm their
formation of synthesized mixed ligand complexes
(Schiff bases) KL-3 and KL-4 by reacting Para
Nitrobenzaldehyde and Pyridine -4 carboxaldehyde
with thiosemicarbazide in a 2:1 ratio in ethanol, with
the help of a small amount of dilute acetic acid as a
catalyst (Scheme 1). Metal complexes of the
corresponding Schiff bases were prepared using

nitrate salt. The resulting metal complexes were
neutral, colored, air-stable, and highly soluble in DMF

and DMSO. Several reports have described the effect
of ligands with protein preparation, including so many
steps of molecular docking efficiency; the recognition
of ligands by proteins depends on both their shape (3D
structure) and electrostatic complementarities. We
adjusted protein and ligand databases protonation,
tautomeric, and stereoisomeric states using Ligand
Protein Preparation Wizard and SPORES. In addition,
ligand conformation sampling is equally important to
correct ligand preparation. FRED and HYBRID
Glide’s docking, ensemble docking, and induced-fit
docking (IFD) modules, PLANTS, and POSIT,
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feature a conformational search algorithm. PDB
structures used in this study are cheque for integrity,
especially in the active site region, and any structures
with gaps in the binding site region are discarded. As
protein conformational changes occur upon ligand
binding, ignoring protein flexibility during molecular
docking may be inaccurate - The active site is defined
by amino acid residues surrounding the bound ligand.
In order to include protein flexibility in docking, there
are several approaches. Here, we concluded that all
the synthesized complexes of Schiff base compounds
exhibited significant antimicrobial activities against
Bacterial and fungi organisms.

7. Conclusion

Two new Schiff base ligands (KL-3 and KL-4)
derived from thiosemicarbazide with pyridine-4-
carboxaldehyde and 4- nitrobenzaldehhyde have been
synthesized and characterized. Further, a series of
metal complexes of KL-3 and KL-4 comprising these
ligands have been prepared and characterized by
FTIR, 'HNMR, Mass, and UV/vis spectral studies.
The coordination behavior of these ligands has been
explored, and it has been found that these prefer to
bind with metal Centers in 2:1 (ligand: metal)
stoichiometry. These Schiff bases behave like a
suitable w-donor ligand, nitrogen in
thiosemicarbazide, coordinate with metal, and form
complexes with transition metals (Cu, Co, Ni, and Zn,
(11)). IR spectra determined the formation of new C=N
bond stretching frequency, NMR data defined the
presence of aromatic and corresponding proton in a
synthesized compound, and Mass-Spectra show the
actual weight of the synthesized compound as
projected for synthesis.

Molecular docking results of our ligands KL-3 and
KL-4 showed excellent binding affinity in the active
site of the selected protein. The docking scores of both
our ligands are comparable to standard drugs. The
binding pose of ligands with proteins contains
conventional hydrogen bonding for efficient docking
and high docking scores. The docking scores of both
ligands confirm the results that we obtained from our
in vitro screening results.
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