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Abstract

Quinolone antibiotics are known for their antibacterial activity by inhibiting the
enzyme DNA gyrase. Inspired by their mechanism, new compounds combining
1,4-dihydropyrimidine, a quinolone isostere, with pyridine/pyrimidine rings were
synthesized. These derivatives showed antibacterial effects, likely through DNA
gyrase inhibition, as supported by molecular docking and dynamics simulations. The
synthesized compounds, 2-[(5-cyano-6-oxo-6-(pyridin-4-yl)-1,6-dihydropyrimidin-2-
yl]-N-(benzothiazol-2-yl)-acetamide (5a-5g) and 2-[(5-cyano-6-oxo-6-(pyridin-4-yl)-
1,6-dihydropyrimidin-2-yl)thiol-N-(thiazol-2-yl)acetamide (6a-6f), were evaluated
for antibacterial activity. Compounds 5a, 6b, and 6c demonstrated significant bac-
tericidal effects. Against Escherichia coli, compounds 6b and 6c exhibited
minimum inhibitory concentration (MIC) values of 1.95 and 0.97 ug/mL, respec-
tively, comparable to the standard drug. Compound 5a also showed strong activity
against Escherichia faecalis. DNA gyrase inhibition studies confirmed that 5a, 6b, and
6c inhibit the enzyme, as no supercoiled DNA band was observed. These findings
highlight the potential of these compounds as antibacterial agents. Future
development could focus on optimizing these structures for enhanced activity,

similar to quinolone antibiotics.
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Diseases caused by microorganisms are a significant global health
concern due to their widespread prevalence and potential for
transmission. Managing these diseases often incurs substantial costs,
particularly in cases where contagiousness leads to outbreaks
requiring extensive public health interventions.!%? Although most
microbial diseases are treatable, they can be fatal depending on the
type of pathogen involved, including Gram-positive or Gram-negative
bacteria, aerobic or anaerobic bacteria, mycobacteria, yeasts, or
molds. These diseases may occur in isolation or in combination with
other conditions.®* Treatment becomes particularly challenging
in individuals with weakened immune systems, such as those
undergoing chemotherapy, living with AIDS, suffering from lupus, or
recovering from organ or bone marrow transplantation. Additionally,
vulnerable populations, including the elderly, pregnant women,
and infants, face increased difficulty in overcoming microbial dis-
eases.’"?1  Another significant challenge is the emergence
of resistance to antimicrobial agents over time, which further
complicates treatment efforts.[+10-12] Consequently, there is a
continuous need for the development of new antimicrobial agents
with broad-spectrum activity, enhanced efficacy, reduced side
effects, and improved pharmacokinetic profiles.!'3-16!

Among antimicrobial agents, quinolones are broad-spectrum

antibiotics widely used in the treatment of infectious diseases
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caused by Gram-positive bacteria and anaerobic bacteria. These
compounds have been utilized in clinical practice since the
1960s.['718] |n addition to their established activity, newer quinolone
derivatives have demonstrated efficacy against mycobacteria and
various atypical bacteria. Quinolones are classified into first, second,
third, and fourth generations based on their development history,
chemical structure, and spectrum of activity. Second, third, and
fourth-generation quinolones are commonly referred to as fluor-
oquinolones.m] Quinolones exert their antibacterial effects by in-
hibiting DNA replication through the suppression of bacterial DNA
gyrase (topoisomerase Il) and topoisomerase IV enzymes. Specifically,
most quinolone antibiotics act by targeting DNA gyrase and topo-
isomerase IV. DNA gyrase comprises two subunits, GyrA and GyrB,
while topoisomerase IV consists of ParC and ParE subunits. Resist-
ance to quinolones arises from mutations in these target genes.
For instance, a single amino acid substitution in the GyrA subunit of
E. coli can impede the binding of fluoroquinolones to bacterial DNA,
thereby conferring drug resistance.l?%24]

The inhibition of DNA synthesis is a key mechanism of action for
antimetabolites among anticancer drugs. Chemically, antimetabolites
mimic the structure of nucleobases found in DNA, which consist of
purine and pyrimidine rings as their fundamental scaffolds. Anti-
metabolites such as 5-fluorouracil, cytarabine, gemcitabine, and cape-
citabine contain pyrimidine rings, while compounds like fludarabine

and cladribine feature purine rings (Figure 1). Additionally, quinolone
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antibiotics, known for their antibacterial activity via inhibition of bac-
terial DNA gyrase, also share structural similarities with these anti-
metabolites. To provide a comprehensive comparative basis, we have
included in Figure 1 the structures of key quinolone antibiotics such as
nalidixic acid, norfloxacin, moxifloxacin, and ciprofloxacin. The inclu-
sion of these compounds highlights their structural relevance to the
study and supports the rationale behind synthesizing new derivatives
that target bacterial and potentially tumor DNA synthesis.??

A diverse array of natural products and protein-based compounds
have been identified and analyzed for their DNA gyrase inhibitory
activity. Numerous chemical scaffolds have been characterized as
promising candidates for the discovery of new antibacterial agents.
Among these, quinolone and aminocoumarin have been established as
core structures with DNA gyrase inhibitory properties.”® Further-
more, in silico studies have demonstrated that chemical structures
such as 2-amino triazine, 4-amino pyrimidine, 2-amino pyrimidine, and
pyrrolopyrimidine exhibit DNA gyrase inhibitory effects.l?4

Despite the effectiveness of antimicrobial agents currently used
in clinical practice, DNA gyrase inhibition remains a validated target
for the development of novel antimicrobial drugs, particularly due to
the increasing resistance to existing therapeutic regimens. Conse-
quently, the synthesis of new gyrase inhibitors is a highly active area
of research. In this study, 1,6-dihydropyrimidine-6-one derivatives
were synthesized, drawing on the presence of the pyrimidine ring in
antimetabolite anticancer drugs, the chemical structures of quino-
lones (which act as DNA gyrase inhibitors), literature data, and in
silico studies. The antimicrobial properties and DNA gyrase inhibitory

activities of the synthesized compounds were thoroughly evaluated.

2 | RESULTS AND DISCUSSION

2.1 | Chemistry

Targeted  N-(benzothiazol-2-yl)-2-[5-cyano-6-oxo-4-(pyridin-4-yl)-1,6-
dihydropyrimidin-2-yl]thio acetamide derivatives (5a-5g) and 2-{[5-
cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]thio}-N-(thiazol-
2-yl)acetamide derivatives (6a-6f). Method A was initially employed to
yield 4-oxo-6-(pyridin-4-yl)-2-thioxo-1,6-dihydropyrimidin-5-carbonitrile
(1). To obtain the desired 2-aminothiazole derivatives in the intermediate
step, various a-halo ketones and thiourea were reacted with Hantzsch
thiazole synthesis and proceeded according to Method B. The obtained
substituted 2-amino thiazoles (2) and commercially available 2-amino
benzothiazoles were acetylated with chloroacetyl chloride by Method C.
The intermediates were characterized, and their melting points were
determined. The final compounds were synthesized by reacting the
pyrimidine derivative (1) with the acetylated thiazole/benzothiazole in-
termediates (3, 4), according to Method D (Scheme 1). After purification
of the synthesized result compounds, their structures were analyzed to
elucidate their structures. The melting points of the compounds were
determined and reaction yields were calculated. The compounds were
obtained with yields between 67% and 79%. Structural characterization
was performed using nuclear magnetic resonance (*H-NMR, *C-NMR),
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and high-resolution mass spectrometry (HRMS). In the *H-NMR spectra,
the proton methylene group attached to the sulfur atom resonated
between 3.82 and 4.07 ppm and in the **C-NMR between 34.54 and
38.37 ppm. As for the protons in the aromatic region, in the derivative
carrying nonsubstituted benzothiazole (5a), the protons connected to
the carbon atom 6 (C-6) and carbon atom 5 (C-5) of the benzothiazole
ring were observed as a triplet, while the proton at carbon atom 7 (C-7)
of the benzothiazole ring was observed as a doublet in the highest field.
The protons at carbon atom 3 (C-3) and carbon atom 5 (C-5) of the
pyridine ring were observed as a doublet, the signal of the proton at the
carbon atom 4 (C-4) position of benzothiazole was observed as a dou-
blet, and the signals of the protons at the carbon atom 2 (C-2) and
carbon atom 6 (C-6) position of the pyridine ring were observed as a
doublet in the lowest field. In the derivatives containing a thiazole ring,
protons belonging to methyl- and ethyl-containing derivatives were
detected in the aliphatic region as expected. In the *3C-NMR spectra of
the compounds, the signals belonging to the pyridine ring were easily
determined, the signal around 150 ppm belongs to the carbon atom 2
(C-2) and carbon atom 6 (C-6) position of the pyridine ring, and the
signals at the 3.5 position belong to the carbon atom 3 (C-3) and carbon
atom 5 (C-5) position. Other aliphatic and aromatic carbon signals were
as expected. In the high-resolution mass spectra of the compounds,
positive mode ions were detected, confirming the molecular weights.

2.2 | Biological activity results

2.2.1 | Antimicrobial activity

The antimicrobial activity of the synthesized compounds was evaluated
using the microdilution technique to determine their minimum inhibi-
tory concentration (MIC) values against a range of bacterial and fungal
pathogens. The MIC values (ug/mL) of the compounds are presented in
Table 1 and were compared with standard drugs: azithromycin for
bacterial strains and voriconazole and fluconazole for fungal strains.
Among the compounds tested, compounds 5a, 6b, and 6c were
identified as the most active, exhibiting strong antimicrobial effects.

Compound 6c emerged as the most potent among the tested
compounds, showing MIC values of 0.97 pg/mL against E. coli (ATCC
25922), 3.90 ug/mL against Serratia marcescens (ATCC 8100), and
15.625 pg/mL against Candida albicans (ATCC 24433). These MIC
values were comparable to the standard drug azithromycin for E. coli
and S. marcescens, indicating that 6c has a strong potential for com-
bating these bacterial strains. Furthermore, compound é6c displayed
effective antifungal activity, with its MIC against C. albicans being
significantly lower than that of fluconazole, making it a promising
candidate for treating fungal infections as well.

Compound 6b also demonstrated considerable antimicrobial
activity, with MIC values of 1.95 pg/mL against E. coli (ATCC 25922),
62.5ug/mL against Staphylococcus aureus (ATCC 29213), and
62.5 ug/mL against C. albicans (ATCC 24433). While its activity
against S. aureus was lower than that of azithromycin, compound 6b

still showed significant antibacterial effects against E. coli, which is a
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SCHEME 1 Synthesis route of the target compounds (5a-5g, 6a-6f).

common and problematic pathogen in both clinical and environ-
mental settings. The activity against C. albicans was on par with that
of the standard drug Voriconazole, highlighting the compound's
potential for treating fungal infections.

Compound 5a demonstrated noteworthy antimicrobial activity,
particularly against E. coli (ATCC 25922), with a MIC value of 7.81 ug/
mL. Additionally, compound 5a exhibited significant antifungal activity
against C. albicans with a MIC value of 3.90 pg/mL, comparable to the

activity of voriconazole. Although its activity against S. aureus and S.
marcescens was less pronounced compared with that of 6b and éc, the
high activity of 5a against E. coli and C. albicans indicates its potential
as a broad-spectrum antimicrobial agent.

When analyzing the activity of the compounds against other
bacterial and fungal strains, it was found that none of the compounds
were as effective as the standard drugs in certain cases. For instance,
against Pseudomonas aeruginosa (ATCC 27853) and Klebsiella
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TABLE 1 MIC values of the compounds against various microorganisms (ug/mL).
Com. A B C D E F G H | J K L
5a 15.625 62.5 62.5 125 <0.97 125 250 62.5 15.625 125 62.5 7.81
5b 15.625 62.5 62.5 125 15.625 125 250 15.625 31.25 125 250 15.625
5c 15.625 31.25 62.5 125 31.25 125 250 15.625 3.90 125 >250 125
5d 31.25 125 62.5 62.5 15.625 250 125 15.625 3.90 62.5 125 125
5e 15.625 62.5 125 125 7.81 125 250 15.625 7.81 125 250 125
5f 7.81 62.5 62.5 62.5 15.625 125 250 15.625 31.25 125 125 125
5g 7.81 62.5 125 62.5 62.5 250 125 7.81 62.5 125 125 7.81
6a 7.81 >250 62.5 125 3.90 >250 15.625 7.81 125 125 >250 125
6b 1.95 62.5 62.5 62.5 62.5 125 1.95 250 62.5 125 62.5 62.5
6c 0.97 31.25 62.5 15.625 1.95 15.625 3.90 62.5 62.5 62.5 62.5 31.25
6d 15.625 125 125 62.5 7.81 125 62.5 62.5 >250 125 125 125
6e 15.625 62.5 62.5 125 3.90 250 15.625 15.625 >250 125 >250 >250
6f 15.625 62.5 125 125 125 125 125 31.25 250 62.5 125 125
Azi <0.97 <0.97 <0.97 <0.97 <0.97 <0.97 <0.97 <0.97 - - - -
Vor - - - - - - - - 3.90 3.90 1.95 1.95
Flu - - - - - - - - 7.81 7.81 3.90 3.90

Note: Azi, standard Drug, Azithromycin; A, Escherichia coli (ATCC 25922); B, Serratia marcescens (ATCC 8100); C, Klebsiella pneumoniae (ATCC 13883); D,

Pseudomonas aeruginosa (ATCC 27853); E, Enterococcus faecalis (ATCC 2942); F,

epidermidis (ATCC 12228); |, Candida albicans (ATCC 24433); J, Candida krusei

MIC, minimum inhibitory concentration; Vor, (Standard Drug 1), Voriconazole;

Bacillus subtilis; G, Staphylococcus aureus (ATCC 29213); H, Staphylococcus
(ATCC 6258); K, Candida parapsilopsis (ATCC 22019); L, Candida glabrata;
Flu, (Standard Drug 2), Fluconazole; -, not tested; ---, not determined.

Italicized values indicate compounds that exhibit the best activity among the tested samples.

pneumoniae (ATCC 13883), the compounds did not show MIC values
as low as the standard drug azithromycin. However, the compounds
exhibited varying degrees of effectiveness against other micro-
organisms, such as Bacillus subtilis and Staphylococcus epidermidis,
with MIC values ranging from 7.81 to 250 pg/mL.

Among the fungal species, the compounds demonstrated moder-
ate to strong activity against Candida glabrata, with compounds 5a and
5g showing the most significant inhibition. Compound 5c exhibited
antifungal activity similar to voriconazole against C. albicans, with MIC

values of 31.25 and 125 pg/mL for other strains, suggesting that it has

2.2.2 | DNA gyrase inhibition

Compounds 5a, 6b, and 6c, which exhibited higher antimicrobial
activity, were further evaluated for DNA gyrase inhibition. The study
revealed that these compounds effectively inhibited DNA gyrase
(Figure 2). No band corresponding to supercoiled DNA was observed.
Therefore, it was concluded that the antibacterial activity of compounds
5a, 6b, and 6c¢ resulted from their inhibition of the DNA gyrase enzyme.

a broader antifungal spectrum. However, no significant activity was 2.3 | In silico results
observed against Candida krusei and Candida parapsilopsis, where the
MIC values for all compounds exceeded 250 pg/mL, indicating limited 2.3.1 | ADME results

efficacy against these particular strains.

Overall, the results indicate that compounds 5a, 6b, and 6c show
excellent antibacterial and antifungal activities, comparable to or
better than the standard drugs used in this study. These compounds,
particularly 6c, represent promising candidates for further develop-
ment as antimicrobial agents. Their potential for inhibiting both
bacterial and fungal pathogens, as demonstrated by their MIC values,
suggests that they could be valuable in the treatment of infections
caused by resistant strains. Further studies, including in vivo testing
and the exploration of their pharmacokinetic properties, would be

necessary to fully assess their therapeutic potential.

The five key physicochemical properties were assessed through an in
silico ADME (Absorption, Distribution, Metabolism, and Excretion)
analysis of compounds 5a-5g and 6a-6f using the SwissADME web-
based software. Table 2 displays the computational prediction of the
values for H-bond acceptor (HBA), H-bond donor (HBD), topologic polar
surface area (TPSA), Log P, Log K, and the rule of 5. The target com-
pounds have log P values between 1.27 and 2.85. The number of HBA
was 6-8 and HBD was 2 by Lipinski's “Rule of 5” (HBD <5, HBA <10).
TPSA values were calculated minimum as 117.96 A% and maximum

as 223.78 A3. Besides, log Kp values were predicted between
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FIGURE 2 Visualization of the inhibitory effect of compounds 5a, 6b, and 6c and ciprofloxacin on Escherichia coli DNA gyrase by
electrophoresis. (a) Compound 5a: relaxed (pHOT) DNA, DNA gyrase and 5a dissolved in dimethyl sulfoxide (DMSO); (b) Compound 6b: relaxed
(pHOT) DNA, DNA gyrase and 6éb dissolved in DMSO; (c) Compound éc: relaxed (pHOT) DNA, DNA gyrase and éc dissolved in DMSO; (d)
Positive control: relax (pHOT) DNA, DNA gyrase and ciprofloxacin dissolved in DMSO; (e) Negative Control: relaxed (pHOT) DNA, DNA gyrase

and DMSO only; (f) Linear DNA and DNA gyrase.

TABLE 2 Predicted ADME characteristics.

Com. HBA HBD TPSA Log P Log Kp Lipinski
5a 6 2 177.96 2.34 -7.15 Yes (0)
5b 7 2 177.96 2.59 -7.19 Yes (0)
5c 6 2 177.96 2.80 -6.92 Yes (0)
5d 8 2 223.78 1.46 -7.56 Yes (0)
5e 6 2 177.96 2.61 -6.98 Yes (0)
5f 7 2 187.19 2.28 -7.36 Yes (0)
5g 7 2 187.19 2.57 -7.19 Yes (0)
6a 6 2 177.96 2.55 -7.15 Yes (0)
6b 7 2 201.75 241 -7.50 Yes (0)
6¢ 8 2 223.78 1.89 -7.54 Yes (0)
6d 6 2 177.96 1.26 -7.86 Yes (0)
6e 8 2 204.26 1.96 -7.71 Yes (0)
6f 6 2 177.96 1.56 -7.67 Yes (0)

Abbreviations: HBA, H bond acceptor; HBD, H bond donor; Lipinski, Rule
of Five (violation number); Log P, partition coefficient; Log Kp, skin
permeation (cm/s); TPSA, topologic polar surface area (A2).

-7.86 and -6.92. However, all compounds adhere to and satisfy
the Lipinski rule, with all properties lying within a suitable range,

according to their physicochemical properties.[zsl

2.3.2 | Molecular docking

Following the identification of the active molecules (5a, éb, and 6c),
molecular docking studies were performed using the crystal structure

of the DNA-DNA gyrase complex (PDB ID: 2XCT) (Figure 3). The
results indicated that the compounds commonly chelate with manga-
nese, with the 5-cyano-6-oxopyrimidine ring playing a crucial role in
this interaction. Additionally, the aromatic rings of all three com-
pounds, linked to the acetamide bridge, were observed to form
n-cation interactions or aromatic hydrogen bonds with the Arg458
amino acid. The synthesized compounds were also found to engage in
ni-1t stacking interactions with the DG: G9 nucleotide of DNA. These
in silico interactions provide insights into the activity of the molecules

[26,27] and

and are consistent with the findings from both the literature
in vitro enzyme assays. Furthermore, to better understand the stability
of the ligand-protein complex over time and under varying environ-
mental conditions, molecular dynamics simulation (MDS) was con-
ducted for compound 6c, as it exhibited a stronger inhibitory effect

against the E. coli strain compared with the other two compounds.

2.3.3 | Molecular dynamics simulation studies
The docking pose of the 6c-DNA-DNA gyrase complex (PDB ID:
2XCT) was analyzed to gain a deeper understanding of the
ligand-enzyme interactions. Based on the system stability plots
(Figure 4a,bb), the radius of gyration (Rg) value of the ligand was
calculated as 5.1 A, while the maximum and minimum root mean
square deviation (RMSD) values of the protein were within the
acceptable range (1-3 A). Specifically, throughout the simulation,
the RMSD of the ligand relative to itself was 1.5 A, and the RMSD of
the ligand relative to the protein was 2.5 A. Consequently, the RMSD
peaks (Figure 4c) demonstrated consistent stability, with no signifi-
cant fluctuations observed during the simulation period.
Additionally, the RMSF peaks were observed to remain below
1A when 6c interacted with the enzyme's loop amino acids (the
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FIGURE 3

46!
LYS
545

Interaction of active compounds with DNA and DNA gyrase and molecular docking results. (a) Image of the active site with DNA

and DNA gyrase.(b) Zoomed three-dimensional (3D) image of active inhibitors superimposed in the enzyme active site.(c) and (d) 3D and
two-dimensional (2D) pose for compound 5a; (e) and (f) 3D and 2D pose for compound 6b;(g) and (h) 3D and 2D pose for compound 6c.

white area in the figure). These findings indicate that the stability of
the complex was maintained throughout the simulation.

The MDS results (Figure 5a-c, and Supporting Information:
Video [https://youtu.be/OqcY2KBR2Pw]) revealed that interac-
tions with Arg458 (water-mediated hydrogen bonds and mt-cation
interactions), Lys460 (water-mediated hydrogen bonds), Ser1084
(hydrogen bonds), Glu1088 (water-mediated hydrogen bonds), and
Arg1122 (hydrogen bonds) residues played a key role in binding.
Notably, interactions with Argl122 were consistently observed
from the beginning to the end of the simulation. Furthermore,
after 4.50ns, interactions with Ser1084 became continuous,
whereas the interaction fractions with Ser1085 and Glu1088
residues decreased.

Frequent interactions with DG:7, DT:8, DG:9, DC:12, and
DA:13 nucleosides were also identified through m-m stacking.
Additionally, 6c formed hydrogen bonds with nucleic acids DG:9
and DA:13 while forming aromatic hydrogen bonds with DG:7,
DT:8, DC:12, and DA:13. However, these interactions were less
frequent than the m-mt stacking interactions. The pyrimidine and
4-pyrimidone rings exhibited a strong affinity for the enzyme's
binding pocket and nucleotides, whereas the thiazole moiety
extended outside the active pocket, localizing between the
DNA nucleotides.

To enhance DNA gyrase inhibition in future studies, replacing the
cyano substitution with long-chain acidic derivatives, such as an acyl
group, could be beneficial due to the observed loss of interactions with
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FIGURE 5 Interaction properties of the molecular dynamics simulation (MDS) result. (a) Two-dimensional (2D) interaction poses with

connection strength (cutoff = 0.2) at the active region of DNA gyrase, (b) interaction fraction-residue diagram, and (c) number of

interactions-interaction types-time plot for éc.

Glu1088 and Mn. The acetamide chain was identified as a crucial
moiety, as it facilitated rotational flexibility within the active pocket.

The findings suggest that 6c localized between the DNA and DNA
gyrase enzyme, stabilizing itself through interactions with Arg458,
Ser1084, Argl1122, DG:9, and DA:13 residues. Consequently, 6¢c can
be categorized as a DNA poison, similar to fluoroquinolone drugs. Its
mechanism of action involves inhibiting the DNA gyrase enzyme.

In conclusion, both in vitro and in silico results demonstrated that
linking 5-cyano-6-pyrimidinone and thiazole moieties with an acetamide
bridge yields a compound with promising antimicrobial activity. This

structure provides a valuable foundation for designing and synthesizing

novel antimicrobial molecules targeting the DNA gyrase enzyme.

3 | CONCLUSION

Thirteen new 1,4-dihydropyrimidine derivatives (5a-5g and 6a-6f) were
synthesized based on the antibacterial effects of quinolone derivative
antibiotics with DNA gyrase inhibitory properties. The derivatives with
high antibacterial effects were tested for their DNA gyrase inhibitory
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properties. A three-step synthesis procedure was used in the synthesis of

Archiv der Pharmazie

the compounds. In the first step, 1,6-dihydropyridine intermediate was
synthesized from ethyl cyanoacetate, thiourea, and pyridine-4-
carboxaldehyde and then reacted with acetylated thiazole and
benzothiazole derivatives to give the final compounds. The resulting
compounds form two groups: thiazole carriers (5a-5g) and ben-
zothiazole carriers (6a-6f). The structures of the resulting compounds,
N-(benzothiazol-2-yl)-2-[5-cyano-6-oxo-4-(pyridin-4-yl)-1,6-
dihydropyrimidin-2-yl]thio acetamide (5a-5g) and 2-{[5-cyano-6-oxo-4-

namely,

(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]thio}-N-(thiazol-2-yl)acetamide
(6a-6f) derivatives, have been confirmed by spectroscopic techniques.
Spectral analyses were carried out by proton and carbon nuclear mag-
netic resonance spectroscopy and high-resolution MS.

The antimicrobial activity of the compounds was evaluated
against various Gram-positive and Gram-negative bacteria and fungi,
and DNA gyrase inhibition was investigated for the three most active
compounds: 5a, 6b, and 6c. The compounds showed higher activity
against Gram-negative bacteria, with E. coli being the most sensitive
strain. Notably, compounds 6b and 6c demonstrated the highest
inhibition against E. coli, with MIC values of 1.95 and 0.97 ug/mL,
respectively, comparable to the standard drug azithromycin. Against
Gram-positive bacteria, E. faecalis showed the highest sensitivity,
with compound 5a exhibiting the same MIC value (<0.97 ug/mL) as
the standard. For fungi, C. albicans was the most sensitive strain, with
compounds 5c and 5d showing antifungal activity comparable to the
standard drug voriconazole, with MIC values of 3.90 pg/mL.

Additionally, thiazole-containing derivatives demonstrated superior
activity compared with benzothiazole-containing ones. Compounds 5a,
6b, and 6c effectively inhibited DNA gyrase, with in silico studies
suggesting their localization between DNA and the DNA gyrase
enzyme, stabilizing ligand-protein complexes. Molecular dynamics
simulations clarified that those interactions between ligand parts and
key residues—Arg458, Ser1084, Argl122, DG:9, and DA:13—play a
critical role in DNA gyrase inhibition.

4 | MATERIALS AND METHODS

41 | Chemistry

4.1.1 | General

All chemicals used in the syntheses were purchased either from Merck
Chemicals (Merck KGaA) or Sigma-Aldrich Chemicals (Sigma-Aldrich
Corp.). The reactions and the purities of the compounds were observed
by thin layer chromatography (TLC) on silica gel 60 F,s,4 aluminum sheets
obtained from Merck. Melting points of the synthesized compounds were
recorded by the MP90 digital melting point apparatus (Mettler Toledo)
and were presented as uncorrected. *H NMR and *C NMR spectra (see
the Supporting Information) were recorded by a Bruker 300 MHz and
75MHz digital FT-NMR spectrometer (Bruker Bioscience) in dimethyl
sulfoxide (DMSQO)-d,, respectively. In the NMR spectra, splitting patterns
were designated as follows: s: singlet; d: doublet; t: triplet; m: multiplet.

Coupling constants (J) were reported as Hertz. High-resolution mass
spectrometric (HRMS) studies were performed using an liquid chroma-
tography/mass spectrometry-ion trap-time of flight (LC/MS-IT-TOF)
system (Shimadzu). Elemental analyses were performed on a Leco 932
CHNS analyzer (Leco).

The InChl codes of the investigated compounds are provided as

Supporting Information.

4.1.2 | Synthesis of 2-mercapto-6-oxo-4-(pyridin-4-
yl)-1,6-dihydropyrimidine-5-carbonitrile (1) (Method A)

4-Pyridinecarboxaldehyde (1 equivalent), ethyl cyanoacetate (1
equivalent), and thiourea (1 equivalent) were dissolved in ethanol, and
K>CO3 (1.5 equivalent) was added. The mixture was boiled for 5-6 h
with a magnetic heater under a reversible cooler. After the reaction was
controlled by TLC, the crude product was removed by water treatment,
dried, and crystallized from ethanol, resulting in a yield of 64%.

4.1.3 | Synthesis of thiazole-2-amine derivatives (2)
(Method B)

Various a-halo ketones (1 equivalent) and thiourea (1 equivalent)
were boiled in a flask with ethanol and stirred for 3-4 h. The end of
the reaction was checked by TLC and the precipitate was filtered off,
resulting in a yield of 60%-85%.

414 | General synthesis of N-(benzothiazol-2-yl)-2-
chloroacetamide derivatives (3) and 2-chloro-N-
(thiazol-2-yl)acetamide derivatives (4) (Method C)

After dissolving benzothiazole-2-amine derivatives or thiazole-2-amine
derivatives (1 equivalent) in tetrahydrofuran, triethylamine (1.2 equiva-
lent) was added and the mixture was brought to 0-5°C in an ice bath. 2-
Chloroacetyl chloride (1.2 equivalent) diluted with tetrahydrofuran in a
dropping flask was carefully added dropwise to the mixture, the solvent
of the mixture was evaporated after stirring at room temperature for
2 h, and the raw material was washed with water and filtered, resulting
in a yield of 70%-79%.

4.1.5 | Synthesis of N-(benzothiazol-2-yl)-2-{[5-
cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-
yl]thio}acetamide (5a-5g) and 2-{[5-cyano-6-oxo-4-
(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]thio}-N-
(thiazol-2-yl)acetamide derivatives (6a-6f) (Method D)

N-(Benzothiazol-2-yl)-2-chloroacetamide derivatives (2) or 2-chloro-
N-(thiazol-2-yl)acetamide derivatives (4) (1 equivalent) were stirred in
acetone for 6 h at room temperature. K,CO3 (1.5 equivalent) was
added as a catalyst. The end of the reaction was carried out by
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controlling the TLC, and the solvent was allowed to volatilize. The
resulting products were scraped off, and the raw material (5a-5g and
6a-6f) was washed with water, filtered, and crystallized from ethanol,
resulting in a yield of 55-88%.
N-(Benzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-yl)-1,6-
dihydropyrimidin-2-yl]thio}acetamide (5a): M.P.235-236°C, vyield
68%, "H NMR (300 MHz, DMSO-ds, ppm) & 3.97 (s, 2H, S-CH,), 7.16
(t, J:7.06 Hz, 1H, benzothiazole C4-H), 7.32 (t, J:7.79 Hz, 1H, ben-
zothiazole C5-H), 7.61 (d, J: 8.04 Hz, 1H, benzothiazole C5-H), 7.68 (d,
J: 483 Hz, 2H, pyrimidine Czs-H), 7.82 (d, J:7.62Hz, 1H, ben-
zothiazole C4-H), 8.60 (d, J: 4.83 Hz, 2H, pyrimidine C,¢-H). **C NMR
(75 MHz, DMSO-dg, ppm) 6 36.59 (S-CH,), 119.83, 120.03, 121.68,
12247, 122.82, 125.72, 132.52, 145.18, 149.90, 150.18, 165.1,
158.55, 160.15, 170.31, 171.37, 172.79. HRMS (m/z): [M+1]*
calculated C19H1,Ng02S, 421.0536, found 421.0551.
N-(6-Florobenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-yl)-
1,6-dihydropyrimidin-2-yl]thio}acetamide (5b): M.P.196-197°C, yield
70%, *H NMR (300 MHz, DMSO-de, ppm) § 4.07 (s, 2H, S-CH,), 7.27
(brs, 1H, benzothiazole Cs-H), 6.66-7.88 (m, 3H, Ar-H), 8.55 (brs, 2H,
pyrimidine Cp4-H), 8.70 (brs, 1H, Ar-H), 11.79 (brs, 1H, -NH). *3C
NMR (75MHz, DMSO-ds, ppm) & 34.78 (S-CH,), 108.41, 108.76,
11445, 114.77, 118.67, 119.62, 122.00, 122.79, 133.11, 133.26,
145.04, 145.81, 150.13, 157.47, 158.55, 160.65, 162.66, 165.21,
169.29, 170.01, 171.98. HRMS (m/z): [M+1]*
C19H11NgO5FS, 439.0442, found 439.0454.
N-(6-Chlorobenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-yl)-
1,6-dihydropyrimidin-2-ylJthio}acetamide (5c): M.P.240-241°C, yield
71%, *H NMR (300 MHz, DMSO-de, ppm) & 3.93 (s, 2H, S-CH,), 7.27
(d, H.8.17Hz, 1H, benzothiazole Cs-H), 7.51 (d, J:9.19Hz, 1H,
benzothiazole C4-H), 7.69 (d, J: 4.76 Hz, 2H, pyrimidine C35-H), 7.83 (s,
1H, benzothiazole C;-H), 8.63 (d, J:4.76 Hz, 2H, pyrimidine C,¢-H). °C
NMR (75 MHz, DMSO-de, ppm) & 37.37 (S-CH,), 119.85, 120.58,
120.95, 122.83, 124.80, 125.52, 125.63, 134.55, 145.22, 149.20,
150.20, 165.14, 170.56, 172.91, 173.12, 184.03. HRMS (m/2): [M+1]*
calculated C19H11NgO,CIS, 455.0146, found 455.0157.
N-(6-Nitrobenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-yl)-
1,6-dihydropyrimidin-2-yl]thio}acetamide (5d): M.P.223-224°C, yield
79%, *H NMR (300 MHz, DMSO-ds, ppm) & 3.96 (s, 2H, S-CH,), 7.53
(d, J:8.47 Hz, 1H, Ar-H), 7.73 (s, 2H, Ar-H), 8.07-8.14 (m, 1H, Ar-H),
8.63-8.70 (m, 3H, Ar-H), 11.79 (brs, 1H, -NH). **C NMR (75 MHz,
DMSO-de, ppm) 6 38.37 (S-CHyp), 117.63, 117.76, 118.13, 119.94,
121.13, 121.29, 122.84, 133.62, 140.70, 145.27, 150.24,157.08,1
65.09,170.70, 173.32, 174.00, 175.93. HRMS (m/z): [M+1]" calcu-
lated C19H11N504S, 466.0399, found 466.0387.
N-(6-Methylbenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-
yl)-1,6-dihydropyrimidin-2-yl]thio}acetamide (5e): M.P.236-237°C,
yield 69%, *H NMR (300 MHz, DMSO-ds, ppm) & 2.36 (s, 3H, CHg),
3.90 (s, 2H, S-CHy), 7.08 (d, 1H, J: 8.12 Hz, benzothiazole Cs-H), 7.42
(d, 1H, J: 8.12 Hz, benzothiazole C4-H), 7.53 (s, 1H, benzothiazole
C,-H), 7.70 (d, J: 4.74 Hz, 2H, pyrimidine C3s-H), 8.64 (d, J: 4.74 Hz,
2H, pyrimidine Cy4-H). *3C NMR (75 MHz, DMSO-d,, ppm) & 21.47
(CH3), 3747 (S-CHy), 89.59, 119.24, 119.89, 121.25, 122.83,
126.55, 130.85, 132.96, 145.26, 148.20, 150.20, 165.12, 170.53,

calculated
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172.23, 173.23. HRMS (m/z): [M+1]* calculated CyoH14N¢O2S»
435.0692, found 435.0710.
N-(6-Methoxybenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-
4-yl)-1,6-dihydropyrimidin-2-yl]thiolacetamide (5f): M.P.240-241°C,
yield 67%, 'H NMR (300 MHz, DMSO-d,, ppm) & 3.82 (s, 3H,
OCHjs), 4.05 (s, 2H, S-CH,), 7.03 (d, J: 8.65 Hz, 1H, benzothiazole
Cs-H), 7.55-7.67 (m, 4H, benzothiazole C47-H and pyrimidine
Cs5-H), 8.55 (d, J: 5.16 Hz, 2H, pyridine C,¢-H), 12.39 (brs, 1H,
-NH). 3C NMR (75 MHz, DMSO-dg, ppm) & 34.72 (S-CH,), 56.10
(OCHg), 90.36, 105.20, 115.34, 119.63, 121.59, 122.52, 123.08,
133.26, 143.18, 145.06, 150.14, 156.44, 165.20, 168.84, 169.99,
172.00. HRMS (m/z): [M+1]" calculated CyoH14N¢O3S, 451.0642,
found 451.0661.
N-(6-Ethoxybenzothiazol-2-yl)-2-{[5-cyano-6-oxo-4-(pyridin-4-
yl)-1,6-dihydropyrimidin-2-yl]thio}acetamide (5g): M.P.201-202°C,
yield 74%, 'H NMR (300 MHz, DMSO-ds, ppm) & 1.35 (t, J:
6.73 Hz, 3H, CHy), 4.03-4.08 (m, 4H, CH;, CH; and S-CH), 7.02 (d, J:
8.64 Hz, benzothiazole Cs-H), 7.54 (s, 1H, benzothiazole Cy-H),
7.62-7.67 (m, 4H, Ar-H), 8.55 (d, J: 4.74 Hz, 2H, pyrimidine C;¢-H),
12.41 (brs, 1H, -NH). 3C NMR (75 MHz, DMSO-d,, ppm) 6 15.17
(CHa), 34.66 (S-CH,), 64.06 (OCH,), 105.86, 115.72, 119.64, 121.60,
122.80, 133.23, 143.08, 145.06, 150.13, 155.80, 156.27, 165.19,
168.76, 169.91, 171.95. HRMS (m/z2): [M+1]*
C21H16NgO3S, 465.0798, found 465.0816.
2-{[5-Cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]
thio}-N-(4-phenylthiazol-2-yl)acetamide (6a): M.P.220-221°C, vyield
76%, *H NMR (300 MHz, DMSO-d,, ppm) & 4.02 (s, 2H, S-CHy),
7.30-7.46 (m, 3H, Ar-H), 7.59 (s, 1H, thiazole Cs-H), 7.66 (d, J:
4.58 Hz, 2H, pyridine C35-H), 7.90 (d, J = 6.10 Hz, 2H, Ar-H), 8.56 (d,
J=4.58Hz, 2H, pyridine Cp¢-H), 12.44 (brs, 1H, -NH). 3C NMR
(75 MHz, DMSO-dg, ppm) 6 34.73 (S-CH,), 108.29, 119.69, 122.82,
126.13, 128.17, 128.90, 129.17, 134.85, 145.11, 149.26, 150.12,
165.12, 168.53, 169.95, 172.10. HRMS (m/z): [M+1]* calculated
Co1H14NgO5S, 447.0692, found 447.0702.
2-{[5-Cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]thio}-
N-[4-(4-cyanophenyl)thiazol-2-ylJacetamide (6b): M.P.213-214°C, yield
71%, 'H NMR (300 MHz, DMSO-ds, ppm) & 3.93 (s, 2H, S-CHy),
7.65-7.70 (m, 3H, Ar-H), 7.82-7.85 (m, 2H, thiazole Cs-H, Ar-H),
8.06-8.09 (m, 2H, Ar-H), 8.62 (d, J: 407 Hz, 2H, pyridine Cz5-H). 13C
NMR (75MHz, DMSO-ds, ppm) & 36.59 (S-CH,), 89.79, 109.58,
110.66, 119.60, 119.82, 122.83, 126.63, 133.02, 139.86, 145.21,
146.88, 150.18, 165.12, 170.42, 170.85, 172.96, 174.16. HRMS (m/z).
[M+1]* calculated Cy,H13N70,S, 472.0657, found 472.0645.
2-{[5-Cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]
thio}-N-[4-(4-nitrophenyl)thiazol-2-yl]acetamide (6c): M.P.254-255°C,
yield 75%, *H NMR (300 MHz, DMSO-d,, ppm) § 4.03 (s, 2H, S-CH,),
7.66 (d, J: 5.41 Hz, 2H, pyrimidine C35-H), 7.96 (s, H, thiazole Cs-H),
8.16 (d, J=8.65Hz, Ar-H), 8.31 (d, J=8.33Hz, Ar-H), 8.57 (d, J:
5.37Hz, 2H, pyrimidine Cy4-H), 12.63 (brs, H, -NH). *C NMR
(75 MHz, DMSO-d,, ppm) 6 34.92 (S-CH,), 107.07, 119.68, 122.83,
124.46, 124.67, 126.74, 126.96, 145.10, 146.39, 146.85, 147.05,
148.28, 150.13, 165.15, 169.06, 170.00, 172.15. HRMS (m/2): [M+1]*
calculated Cy1H13N504S, 492.0543, found 492.0546.

calculated
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2-{[5-Cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]
thio}-N-(thiazol-2-yl)acetamide (6d): M.P.190-191°C, yield 69%, *H
NMR (300 MHz, DMSO-d,, ppm) & 3.37 (s, 2H, S-CHy), 7.19 (d, J:
3.47 Hz, thiazole Cs-H), 7.47 (d, J: 3.47 Hz, thiazole C4-H), 7.65 (d, J:
4.29 Hz, 2H, pyrimidine C35-H), 8.58 (d, J: 4.29 Hz, 2H, pyrimidine
Ca6-H), 12.20 (brs, 1H, -NH). 3C NMR (75 MHz, DMSO-d,, ppm) &
34.58 (S-CH,), 90.27, 113.79, 116.73, 119.66, 122.80, 138.12,
150.16, 158.76, 165.15, 168.06, 169.99, 172.07. HRMS (m/z):
[M+1]" calculated C15H10N4O,S, 371.0379, found 371.0396.

Ethyl 2-(2-{[5-cyano-4-oxo-6-(pyridin-4-yl)-1,4-dihydropyrimidin-2-
yllthio}acetamido)-4-methylthiazol-5-carboxylate (6e): M.P.243-244°C,
yield 79%, 'H NMR (300 MHz, DMSO-d¢, ppm) & 1.23 (t, 3H, J:
740Hz, CH,CHg3), 244 (s, 3H, CH3), 3.82 (s, 2H, S-CH,), 4.13 (q,
J:6.77 Hz, 3H, CH,CHg), 7.70 (d, J: 4.54 Hz, 2H, pyrimidine C55-H), 8.67
(d, J: 4.54 Hz, 2H, pyrimidine Cp6-H). 13C NMR (75 MHz, DMSO-dq, ppm)
6 14.92 (CH3), 18.11 (CHg), 38.34 (S-CH,), 59.57 (CH,), 120.01, 122.84,
145.35, 150.22, 157.42, 163.61, 165.03, 170.60, 173.57, 174.21. HRMS
(m/2): [IM+1]" calculated C19H14sN4O4S, 457.0747, found 457.0763.

2-{[5-Cyano-6-oxo-4-(pyridin-4-yl)-1,6-dihydropyrimidin-2-yl]
thio}-N-(4-methylthiazol-2-yl)acetamide (6f): M.P.169-170°C, yield
76%, *H NMR (300 MHz, DMSO-dg, ppm) & 2.33 (s, 3H, CH3), 3.97 (s,
2H, S-CH,), 7.12 (brs, 1H, thiazole Cs-H), 7.66 (d, 2H, pyrimidine
Cs.5-H), 8.60 (brs, 2H, pyrimidine C 4-H).2*C NMR (75 MHz, DMSO-
de, ppm) & 11.61 (CHg, 34.54 (S-CHy), 119.67, 121.17, 122.80,
126.49, 135.20, 145.06, 150.18, 156.97, 165.14, 167.77, 169.98,
172.08. HRMS (m/z): [M+1]* calculated C14H12N¢O,S, 385.0536,
found 385.0540.
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4.2 | Biological activity studies

42.1 | Antimicrobial activity

The compounds were tested for antibacterial and antifungal activities
against various Gram-negative, Gram-positive, and fungal species, and
MICyo values were determined. E. coli (ATCC 25922), S. marcescens
(ATCC 8100), K. pneumoniae (ATCC 13883), P. aeruginosa (ATCC
27853), E. faecalis (ATCC 2942), B. subtilis, S. aureus (ATCC 29213),
S. epidermidis (ATCC 12228) and fungi C. albicans (ATCC 24433), C.
krusei (ATCC 6258), C. parapsilopsis (ATCC 22019), and C. glabrata
(ATCC) were used as microorganisms. The Broth Microdilution pro-
cedure specified in the Clinical and Laboratory Standards Institute
(CLSI) document MO7-A9 was applied.?® Bacterial cultures were
obtained by incubating them overnight at 37°C in a Mueller-Hinton
broth (MHB) medium. The turbidity of the inoculum (medium and
microorganism) was adjusted to a Mac-Farland value of 0.5. The ex-
periment was carried out by a twofold serial dilution technique. The
well containing only microorganisms and medium and the well con-
taining only medium were used as control wells. The presence and
absence of growth in these wells, respectively, indicate the accuracy of
the experiment and the absence of contamination. The compounds
were diluted with 2% DMSO. The compounds were first applied at
concentrations of 500 and 1.95ug/mL. After application of the

chemicals, the microplates were incubated at 37°C for 24 h. After the
end of incubation, resazurin (20 ug/mL) was added to each well and
incubated for another 2 h. At the end of the experiment, the micro-
plates were read fluorometrically at 590 nm excitation and 560 nm
emission values in a microplate reader, and MICyy values were
determined. The experiment was repeated twice for each chemical
substance. For the anticandidal activity study, MICyo values were
determined against various Candida species. These values were
obtained by performing experiments based on the EDef 7.1 document
published by EUCAST.??! Candida cultures were obtained by inocu-
lating in RPMI medium and incubating at 37°C overnight. The inocu-
lum turbidity of Candida species was adjusted to a Mac Farland value
of 0.5, and the experiment was carried out with a two-fold serial
dilution technique. The well containing only microorganisms and
medium and the well containing only medium were used as control
wells. The presence and absence of growth in these wells, respectively,
indicate the accuracy of the experiment and the absence of contami-
nation. The compounds were diluted with 2% dimethyl sulfoxide. The
compounds were diluted from 500 to 1.95 pg/mL. After the chemicals
were applied, the microplates were incubated at 37°C for 24 h. After
incubation, resazurin (20 pg/mL) was added to each well and incubated
for another 2 h. At the end of the experiment, the microplates were
read fluorometrically at 590 nm excitation and 560 nm emission values

in a microplate reader, and the MICyq value was determined.

42.2 | Enzyme inhibition studies

The method for DNA gyrase assay inhibition was performed
according to the kit protocol described by the supplier (SKU
TG2000G-3, TopoGen). The assay buffer was prepared according
to the formulation of 35 mM Tris30 Cl pH 7.5, 24 mM KCI, 4 mM
MgCl,, 2 mM dithiothreitol, 1.8 mM cypermidine, 1 mM ATP, 6.5%
glycerol, and 0.1 mg bovine serum albumin (BSA)/mL. For each
substance, 1 unit (U) DNA gyrase, five times the amount of assay
buffer (4 uL) for 1U DNA gyrase, and 1L pHOT1 (Relax DNA)
were added to the reaction medium. Finally, 10 uL of chemical
substance(s) (ciprofloxazine, antimicrobial active compounds) were
added to the experimental medium. Ciprofloxacin was used as a
reference drug. All chemicals were added to the reaction medium
according to their concentrations obtained as a result of anti-
microbial activity (MICqo), and the mixture was completed to 20 uL
with water. After the mixture was incubated at 37°C for 1 h, 5 uL
of stop buffer was added to the mixture, followed by 1puL of
proteinase K. The mixture was incubated again at 37°C for 30 min,
and then, 20 uL of chloroform:isoamyl alcohol (24:1) was added
and vortexed. Finally, the blue phase was removed and added to a
1% agarose gel with tris-acetate-EDTA buffer (TAE buffer) tetra-
hydrofuran. These procedures were followed for the three
reaction media containing chemicals as well as for the mixture
containing 1% dimethyl sulfoxide. As a positive control, media
containing relaxed DNA and supercoiled DNA (relaxed DNA+DNA
gyrase) were prepared and added to the agarose gel in the same
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way. After all experiments were added to the gel, the electro-
phoresis method was applied by applying 1.5-2 V/cm electricity to
the medium. When the mixture progressed to 80% of the gel, the
gel was imaged with a molecular imaging device. This procedure

was performed previously.m]

4.3 | In silico studies

43.1 | ADME prediction

The essential physicochemical properties and pharmacokinetics of
the final compounds (5a-5g and 6a-6f) were predicted using the
SwissADME web tool.*® HBA, HBD, TPSA (A?), Log Po/w (consen-
sus Log Po/w, the average of all five predictions), Log S (water sol-
ubility), GIA (gastrointestinal absorption), Log Kp (skin permeation
(cm/s)), RoF (V) (Rule of Five violation number), and SA (synthetic

accessibility) were predicted via in silico methods.

4.3.2 | Molecular docking studies

Molecular docking studies were performed to define the binding modes
of the active compounds within the active regions of the DNA-DNA
gyrase enzyme complex. The X-ray crystal structure (PDB ID: 2XCT)
was retrieved from the Protein Data Bank server (www.pdb.org,
accessed May 01, 2018). Schrodinger's Maestro interface and its

[31] [32])

applications (LigPrep, and Glide modules were used for the

molecular docking study. The applied procedure was performed in

accordance with previously published works.[?”]

4.3.3 | Molecular dynamics simulation studies

The MDS method is applied to predict the time-dependent stability
of the active compound-protein complex. In this study, the
methodology routine was performed as in reported studies.?”:3%
In this study, the 6c-DNA-DNA gyrase system (PDB ID: 2XCT) was
investigated through 100 ns. Desmond's application of Schrodinger's

[341 was used to achieve MDS results.
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