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Abstract—ODbjective: As a possible antitubercular agent, we disclose in this study the design and synthesis of a
novel series of benzothiazinone derivatives (Va—Vi), contributing to the worldwide fight to eradicate TB, one of
the deadliest infectious killers in the world. Methods: The newly synthesized benzothiazinone derivatives were
characterized using various spectroscopic and elemental analysis techniques. The antituberculosis activity of the
synthesized benzothiazinone derivatives was evaluated against drug-sensitive Mtb H37Rv and MDR-TB strains.
To explain their inhibitory qualities, potent compounds underwent molecular docking studies. The synthetic mole-
cules’ ability to function as lead-like molecules and the drug-likeness of the compounds were computed using the
SwissADME online tool. Results and Discussion: With a MIC of 0.01 and 0.21 uM, respectively, compound
(Vi) showed the most promising antitubercular efficacy against drug-sensitive Mtb H37Rv and MDR-TB strains.
Four of the nine studied compounds had strong DprE1 inhibitory action, with ICs, values ranging from 0.02 to
0.79 uM. The molecular docking findings indicated that these compounds had a high docking score and a strong
binding affinity to the target DprEl protein’s active pocket. Conclusions: The current study demonstrated the
potential significance of novel benzothiazinone derivatives as antitubercular prospects, and further investigation

into optimization may lead to the creation of new antitubercular medication candidates.
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INTRODUCTION

Tuberculosis (TB) is one of the most devastating
infectious diseases in the world. It is also one of the most
contagious diseases. Despite being a disease that dates
back thousands of years, significant money and effort
are still dedicated to making tuberculosis a thing of the
past [1]. About 25% of the global population is thought
to be infected with the TB bacteria [2]. An estimated
7.5 million cases of TB were recorded worldwide in
2022, with 1.3 million cases of the disease being fatal [3].
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Furthermore, surveillance data highlight the persistent
issue of multidrug-resistant tuberculosis (MDR-TB),
which can be attributed to noncompliance with treatment
regimens or comorbidities that impede immune response
[4]. The necessity to find innovative medications to
combat tuberculosis and the emergence of drug resistance
have prompted ongoing attempts to improve the efficacy
of the arduous and protracted therapy. Therefore, the
aforementioned facts underscore the need to design new
agents that surpass existing ones by increasing their
effectiveness and overcoming acquired resistance.
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Over the past few decades, numerous evaluations and
surveys have been conducted on the various scaffolds
utilized in the search for antitubercular drugs, as well
as antitubercular agents and targets [5]. Among the
many TB targets that have been explored, DprE1 stands
out as one of the most promising for developing novel
antituberculosis drugs. It has been found that DprEl is
essential for the survival of Mtb, including MDR strains
[6]. DprEl, a flavoenzyme, is crucial for the construction
of the cell walls of mycobacteria. The synthesis of
arabinogalactan and lipoarabinomannan is initiated by
the epimerization of decaprenyl-phospho-ribose (DPR)
to decaprenyl-phospho-arabinose (DPA), which is
catalyzed by DprE1 and DprE2 [7, 8]. The initial phase
of the epimerization process is initiated by DprE1, which
oxidizes DPR to decaprenylphosphoryl-2-ketoribose
(DPX), an intermediate. Afterwards, DPX is converted
into DPA by the NADH-dependent enzyme DprE2 [9].
DprEl is a target vulnerable to epimerization that occurs
in the periplasmic space [10], making it an attractive target
for the development of new treatment options for TB.

The pharmaceutical industry has extensively utilized
the bioactivity potential of heterocyclic compounds
to find novel treatment options. A wide variety of
pharmacological actions are exhibited by several
groups of heterocyclic compounds [11]. One family
of heterocyclic compounds containing sulfur that is
significant in drug development is benzothiazinones.
They exhibit a range of biological properties, including
antibacterial, antifungal, antituberculosis, anticancer, and
anti-inflammatory effects [12].

Benzothiazinones represent an intriguing class of
novel anti-TB medication options. By interfering with
the production of arabinan, 8-nitrobenzothiazinones have
proven to be a highly effective family of antimycobacterial
agents, inhibiting the growth of Mtb even at nanomolar
concentrations [13]. BTZs have recently attracted con-
siderable attention as the most sophisticated scaffold for
targeting DprE1, and several series of BTZ derivatives
have been published [14—16]. The preclinical candidate
PBTZ169, which emerged from lead modifications of
BTZ043, has shown significant potential in treating TB
and is about to enter clinical trials (Fig. 1) [13]. Therefore,
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Fig. 1. Reported BTZ type DprEl inhibitors in phase II
clinical trials.
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Fig. 2. Design rationale for DprE1 inhibitors.

benzothiazinones have demonstrated encouraging anti-
tubercular activity and provide strong support for the
development of DprE1l inhibitors for the treatment of
tuberculosis [17].

Despite progressing to clinical trials, both benzo-
thiazinones exhibited unsatisfactory drug-like characte-
ristics. Due to its high plasma protein binding fraction,
the more potent second-generation PBTZ169 is held
responsible for its poor in vivo bioavailability [18].
Nevertheless, the subpar physicochemical and pharma-
cokinetic properties of these compounds drove us to
create new ones. Furthermore, SAR studies and thorough
mechanistic investigations indicated that the nitro group
at position 8 and the sulfur atom at position 1 are crucial
for activity, while the trifluoromethyl group at position
6 is also essential for preserving BTZ’s anti-tubercular
action [19]. Considering the aforementioned information
and adhering to our research endeavors that focus on the
design and synthesis of new medicinal agents [20-32],
this study aims to design and synthesize a new range of
benzothiazinone derivatives that possess exceptional
drug-like characteristics and prove to be highly effective
and selective anti-TB agents. To increase the diversity of
BTZ compounds, we demonstrate the modification of the
side chain of the BTZ molecule through the inclusion of
a substituted phenyl ring as a lipophilic modifier (Fig. 2).
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Moreover, their interactions with the target DprE1 protein
were determined using molecular docking studies

RESULTS AND DISCUSSION

Chemical Synthesis

Medicinal chemistry relies significantly on benzo-
thiazinones as scaffolds, and the literature has documen-
ted enormous efforts made to synthesize these com-
pounds. Therefore, benzothiazinone derivatives were
produced in the current investigation. Scheme 1 shows
the synthetic pathway for the target compounds (Va—Vi).
Using di-tert-butyl dicarbonate and ammonium bicarbo-
nate, the synthesis began by forming 2-chloro-3-nitro-
5-(trifluoromethyl)benzamide (II) from 2-chloro-3-
nitro-5-(trifluoromethyl)benzoic acid (I) under moderate
conditions [33]. Mass spectroscopy and 'H and '3C NMR
spectra provided excellent structural characterizations for
all of the newly synthesized compounds. The amide proton
and the —CH protons of the phenyl ring are represented by
three singlet peaks in the "'H NMR spectrum of compound
(IT), which are located at 7.83, 8.46, and 8.70 ppm,
respectively. Furthermore, the structure of compound
(IT) was confirmed by analytical and mass spectral data.
Additionally, the reaction of compound (II) with methyl
iodide and carbon disulfide produced the key intermediate
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2-(methylthio)-8-nitro-6-(trifluoromethyl)-4H-benzo[ e]-
[1,3]thiazin-4-one (III). The synthesis of compound (III)
was confirmed by the appearance of a new methyl group
peak at 2.72 ppm and the disappearance of the amide
singlet peak at 7.83 ppm in the 'H NMR spectrum of
compound (IIT). Ultimately, the key intermediate 3 was
treated with various substituted amines (VIa—VIi) in the
presence of triethylamine in EtOH, resulting in a good
yield of 86-93% of the target products, (Va—Vi). The
emergence of a -NH peak between 4.13 and 4.29 ppm
and the elimination of the singlet peak at 2.72 ppm in the
"H NMR spectra of compounds (Va—Vi) confirmed the
synthesis of the benzothiazinone derivatives (Va—Vi). The
aromatic protons of compounds (Va—Vi) resonated within
their usual range, according to the '"H NMR spectra.
Compound (Vb) exhibited a singlet peak at 2.12 ppm,
indicating the presence of a methyl group on the phenyl
ring, whereas compound (Vc¢) had a singlet peak at
5.70 ppm, signifying the presence of a hydroxyl group.
All of the compounds’ mass spectra revealed molecular
ion peaks that matched the molecular weights of com-
pounds (Va—Vi). Moreover, there was a noteworthy degree
of concurrence between the elemental analysis results and
the values obtained from theoretical computations and
experimental measurements.
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Scheme 1. The synthetic pathway of the target compounds (Va—Vi).
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Antitubercular Activity

All of the target compounds (Va—Vi) were evaluated
for their in vitro antitubercular activity against drug-
sensitive Mtb H37Rv and MDR-TB strains once the
synthesis was completed. Table 1 presents the findings
of the anti-TB investigations. The ability of PBTZ169 to
inhibit drug-sensitive M¢h H37Rv and MDR-TB strains
was used as a control. With MIC values ranging from
0.01t09.82 and 0.21 to 18.81 uM, respectively, all of the
newly synthesized compounds demonstrated moderate
to significant inhibition against both the drug-sensitive
Mtb H37Rv and MDR-TB strains, according to the
obtained data. Among the newly synthesized com-
pounds, 8-nitro-6-(triffuoromethyl)-2-((4-(trifftuoromethyl)-
phenyl)amino)-4H-benzo[e][1,3]thiazin-4-one (Vi)
had the highest potency, exhibiting inhibition against
both drug-sensitive Mtb H37Rv and MDR-TB strains
with MIC values 0of 0.01 and 0.21 uM, respectively. This
was more potent than the corresponding compounds
(Va—Vh) and the reference drug PBTZ169. With MIC
values of 0.05 and 0.41 uM, respectively, compound
(V1) was the second most potent in this series against
both drug-sensitive Mtb H37Rv and MDR-TB strains.
Compounds (Va—Ve) showed less inhibitory effect against
drug-sensitive Mth H37Rv and MDR-TB strains, whereas
compounds (Vg) and (Vh) demonstrated moderate
inhibitory activity. These findings unequivocally indicate

Table 1. The anti-TB activity of the compounds (Va—Vi)

that, compared to the other compounds, (Vf) and (Vi)
exhibited significantly greater antitubercular activity.

Cytotoxicity

Using the MTT method, the in vitro cytotoxicity
of the newly synthesized compounds (Va-Vi) was
evaluated against the normal WI-38 cell line. Table 2
displays the observed CCs, values for these compounds.
Table 2 indicates that, even at a maximum dosage of
64 uM, none of the tested compounds exhibited lethal
effects on the WI-38 cell line, indicating that these
compounds have a significant amount of potential for
use as antitubercular drugs. With respect to Mth H37Rv,
the potent compounds (Vf) and (Vi) had SI values of
1280 and 6400, while for MDR Mtb, they were 156.10
and 304.76, respectively. Against Mtb H37Rv and MDR
Mtb, PBTZ169 demonstrated an SI of 6400 and 256,
respectively.

DprE1 Inhibition Studies

The newly synthesized compounds were assessed for
their ability to inhibit DprE1. The FPR substrate was used
for the DprE1 activity test. Table 3 presents the findings.
The strong antitubercular properties of the synthesized
compounds and their DprE1 inhibitory activities were
shown to be correlated, according to the findings. The
synthesized compounds exhibit ICs,, values between 0.12
and 6.81 pM, indicating that they inhibit DprE1. Four of
the nine compounds studied showed strong inhibitory

Table 2. In vitro cytotoxic activity against WI-38 cell line and

MIC (1M) selectivity index for the target compounds (Va—Vi)
Compound T
Mtb H37Rv MDR Mtb Compound CCsy (UM) Selectivity index (SI)
(Va) 5.26+0.72 8.18 +0.94 WI-38 Mitb H37Rv | MDR Mrb
(Vb) 8.25+0.64 12.92 + 1.03 (Va) >64 12.17 7.82
(Ve) 9.82 +0.97 15.81 +1.26 (Vb) >64 1.76 4.95
(Vd) 2.64 +0.32 4.83+0.42 (Vo) >64 6.51 4.05
(Ve) 3.19+0.81 5.04 +0.95 ((1’7")) :66;‘ ;‘0‘ 3‘6‘ B?(S)
(Vf) 0.05 £0.01 0.41+0.07 ¢ g ' ;
(Vg) 0.63 +£0.26 1.05 +0.42 ((:772) >gi 11)21?;)9 1650§§150
(Vi) 0.01 +0.003 0.21 +£0.09 (Vi) >64 6400 304.76
PBTZ169 0.01 = 0.001 0.25 +0.06 PBTZ169 >64 6400 256
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Fig. 3. SAR summary of the synthesized compounds against DprE1 inhibition.

action against DprE1, with ICs,, values ranging from 0.02
to 0.79 uM. The ICs, values of compounds (V) and (Vi)
were 0.07 and 0.02 pM, respectively, while compounds
(Vg) and (Vh) showed varying 1Cs, values of 0.79 and
0.56 uM, respectively. The reference drug PBTZ169 was
found to have an ICy, of 0.02 pM.

Relying on the DprEl inhibitory activities shown
in Table 3, the structure-activity relationship (SAR)
of the newly synthesized benzothiazinones (Va—Vi)
may be determined. The relationship between structure
and activity can be found through the SAR analysis of
benzothiazinones, which also provides suggestions for
structural changes that may enhance activity. Under-
standing the mechanisms behind DprEl inhibitory
action for benzothiazinones is facilitated by SAR analy-
sis. In-depth SAR investigations were carried out, with
particular attention to the central core of the benzo-
thiazinone scaffold and its various substitution patterns.
In this section, we examined the effects of substituents
known as electron-donating groups (EDGs) and electron-

Table 3. Inhibition of DprE1 by target compounds (Va—Vi)

Compound IC5y (UM)
(Va) 3.89+£0.94
(Vb) 5.40+1.03
(Vo) 6.81+1.15
(Vd) 1.93+£0.62
(Ve) 3.26 +£0.97
(V1) 0.07 £0.02
(Vg) 0.79+0.33
(Vh) 0.56+0.18
(Vi) 0.02 +0.004

PBTZ169 0.02 +0.007

withdrawing groups (EWGs) on the phenyl ring linked to
the benzothiazinone core by an —NH linker concerning
the SAR. These results imply that the observed varia-
tions in the DprE1 inhibitory activities were caused
by different substituents. Only a limited number of
substitution patterns on the phenyl ring connected to the
benzothiazinone core had an impact on these inhibitory
activities. The nature of the substituents had a significant
impact on the disparity in their potential (Fig. 3).

Based on the results obtained, compounds (Ve-Vi)
demonstrate an increase in DprE1 inhibitory activity when
EWG groups are present on the phenyl ring connected to
the benzothiazinone core, but compounds (Vb) and (Ve)
bearing EDG demonstrate a decrease in inhibitory acti-
vity. The compounds (Ve-Vi) possess EWGs; however,
compound (Vi) exhibits higher activity compared to
compounds (Ve—Vh). This suggests that compound (Vi)’s
electron-withdrawing trifluoromethyl group is more ef-
ficient in enhancing DprE1 inhibitory action than the
other EWGs in this series. Through bonding interactions,
trifluoromethyl groups have a great affinity for the
active site of enzymes. Furthermore, because of their
greater lipophilicity than other EWGs, trifluoromethyl
substituents are advantageous. Furthermore, the trifluoro-
methyl group enhances the acidity of the aromatic
ring and modifies its electrostatic interactions with the
substrate by decreasing its electrical density. Compound
(Vf), which has a nitro group substituted on its phenyl
ring, was shown to have greater inhibitory action than
compounds (Vd), (Ve), (Vg), and (Vh), which had
fluoro, chloro, 3,5-difluoro, and 3,4,5-trifluoro groups,
respectively. Additionally, compound (Vh) surpassed
compound (Vg) in terms of potency, mainly because it has

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 51 No. 1 2025
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a 3,4, 5-trifluoro substituent, which increases the scaffold’s
inhibitory potential in comparison to compound (Vg),
which contains a 3,5-difluoro substituent. Conversely,
compounds (Vb) and (V¢) with electron-donating methyl
and hydroxy groups on the phenyl ring, respectively,
greatly diminish the inhibitory effect when compared
to compounds containing EWGs (Vd-Vi) and an un-
substituted phenyl ring (Va). The entire work suggests
that the phenyl ring attached to benzothiazinone core
molecules with EWGs is essential for the inhibition of
DprEI.

Molecular Docking

To provide concise details for additional structural
optimization, the binding mechanism of the compounds
was clarified using molecular docking. This study
utilized molecular docking to examine potential bin-
ding mechanisms. A crucial step in the synthesis of
lipoarabinomannan and arabinogalactan, two sub-
stances required for cell wall biosynthesis, is catalyzed by
DprEl, a vital flavoenzyme in Mtb [34]. In light of this,
DprEl represents an Mtb target that may be used to de-
velop new potent drugs [35]. Consequently, the DprE1
protein (PDB ID: 4P8L) was selected as a potential
molecular docking target. The most effective compounds
(VE-Vi) in this series were chosen for the molecular
docking analysis based on in vitro studies and DprEl
inhibitory activity. Potent compounds were docked
with target proteins using AutoDock Vina, which was
implemented in UCSF Chimera. The 2D and 3D docked
interactions of these potent compounds with the target
4P8L protein are displayed in Figs. 4 and 5, respectively.
Table 4 summarizes the quantitative metrics for these
compounds, including the residue interactions, bond
distances, and docking scores. Based on the docking
data, it was shown that all the potent compounds had
good docking scores in the 4P8L protein’s active pocket.
This is because the compounds attach to the amino
acid residues of the active site via H-bonds and other
interactions that strengthen the binding. The target 4P8L
protein binding site exhibited a comparable binding
pattern for compounds (Vf-Vi) when compared to
the reference ligand PBTZ169, which had a docking

Fig. 4. Docking interactions of potent compounds with target
4P8L protein.
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Fig. 5. 2D interactions of potent compounds with target 4P8L protein.

score of —9.47 kcal/mol. The estimated docking scores
of these compounds were —9.43, —8.46, —8.95, and
—9.68 kcal/mol, respectively. The most effective molecule
in the series, compound (Vi), ranked first in the protein-
ligand interaction profile against the 4P8L protein,
showing an H-bond with Asp-31 and Thr-29, with bond
distances of 1.45 and 1.21 A, respectively. Furthermore,
this molecule established a m-alkyl connection between
the compound’s phenyl and benzothiazinone rings and
residues Leu-27, Ala-53, and Ile-183. Compound (Vf)
established a m-alkyl contact with the target protein’s
Leu-27 residue and had H-bonding interactions with the
Ala-6 and Thr-29 residues, with bond distances of 0.57
and 1.12 A, respectively. Compounds (Vg) and (Vh)
were found to interact with the Thr-29 residue through a
hydrogen bond, with bond distances of 0.95 and 1.18 A,
respectively, upon docking with the target protein. Ad-
ditionally, compounds (Vg) and (Vh) created m-alkyl
interactions with the target protein’s Leu-27 and Ile-35

residues and Ala-53 and Leu-27 residues, respectively.
The results of the docking study confirmed the main idea
of this work and demonstrated the compounds’ potent
inhibitory effects. Lastly, the experimental results from
the antitubercular investigation and the docking analysis
show a consistent correlation.

Drug-Likeness Prediction

A key criterion for determining if a molecule has the
potential to be a drug is its drug-likeness. The Lipinski
Rules of Five were used to identify the chemical des-
criptors and drug-likeness characteristics of the com-
pounds using the SwissADME program [36]. When
designing and developing new drugs, pharmaceutical
chemists use Lipinski’s Rule of Five to forecast the
oral bioavailability of potential leads or therapeutic
molecules. A molecule would not be considered orally
active by Lipinski’s Rule of Five if 2 or more of the 5
requirements were not met. The drug-like characteristics

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 51 No. 1 2025



72 RAGHU et al.

Table 4. Binding interactions of potent compounds with target protein

Docking score

Interacting residues

Compound | ™\ - /mol) | H-bond | bond length (A) hydrophobic n-alkyl
Ala-6 0.57 Gly-5, Arg-28, Pro-30, Asp-31, Val-36, Val-39,
(Vf) -9.43 ) Ala-53, Arg-54, lle-72, Asp-73, Met-74, Thr-75, Leu-27
Thr-29 112 Pro-76, Leu-77, Leu-152, Ile-183
Gly-5, Ala-6, Arg-28, Asp-31, Ala-32, Val-36,
(Vg) -8.46 Thr-29 0.95 Val-39, Ala-53, Arg-54, lle-72, Asp-73, Met-74,| Leu-27, Ile-35
Pro-76, Leu-77, Leu-152, Ile-183, Met-185
Gly-5, Ala-6, Arg-28, Pro-30, Asp-31, Val-36,
(Vh) -8.95 Thr-29 1.18 Val-39, Arg-54, lle-72, Asp-73, Met-74, Pro-76,| Leu-27, Ala-53
Leu-77, Leu-152, Ile-183, Met-185
Gly-5, Ala-6, Arg-28, Pro-30, Val-36, Val-39,
(Vi) 968 | Thr-29 1.45 Arg-54, Tle-72, Asp-T3, Met-74, Thr-75, Pro-76,| - 17 4133
Asp-31 121 Leu-77, Leu-152
Gly-5, Thr-7, Arg-28, Pro-30, Asp-31, Met-34,
PBTZ169 947 | Thr-29 1.49 Val-36, Val-39, Tle-52, Ala-53, Arg-54, Ile-72, Leu‘ﬁziﬁgﬂl
Met-74, Pro-76, Leu-152
Table 5. Predicted physicochemical parameters of the titled compounds
Compound MW Rotatable bonds | HBA | HBD | logP | Molar refractivity | logK, (cm/s) TPSA (A?)
(Va) 367.30 4 7 1 1.91 89.26 -5.76 116.05
(Vb) 381.33 4 7 1 2.13 94.22 -5.59 116.05
(Ve) 383.30 4 8 2 1.46 91.28 —6.12 127.28
(Vd) 385.29 4 8 1 2.01 89.22 -5.80 116.05
(Ve) 401.75 4 7 1 2.18 94.27 -5.53 116.05
(V1) 412.30 5 9 1 1.56 98.08 —-6.16 134.87
(Vg) 403.28 4 9 1 2.03 89.17 -5.84 116.05
(Vh) 421.27 4 10 1 1.95 89.13 -5.88 116.05
(Vi) 435.30 5 10 1 1.96 94.26 -5.55 116.05

of the newly synthesized compounds (Va—-Vi) are
displayed in Table 5. Since every metric complies with
Lipinski’s Rule of Five, it was expected that all of the
newly synthesized compounds, (Va—Vi), would have
adequate oral bioavailability. Remarkably, the newly
synthesized molecules have a molecular weight (< 500)
in the range of 367.30 to 435.30. It was determined
that the investigated compounds contained 1-2 and 7—
10 HBD, respectively. Lipophilicity (logP value) and
TPSA values are two important metrics for determining
oral bioavailability for pharmacological substances [37].

A possible drug-like candidate’s logP value should, in

general, fall between 0 and 5. The greater the lipophilicity
of the compound, the higher the logP value. The logP
values of all the compounds under investigation ranged
from 1.46 to 2.18. It is anticipated that molecules having
TPSA values of 140 A or above will have inadequate
intestinal absorption. Nine molecules examined in this
study have TPSA findings that fall within this range
(< 140 A). Additionally, the skin permeability logk,
falls between the typical range of —8.0 and —1.0. As
a result, the data suggested that all the investigated
molecules met Lipinski’s criteria, suggesting that they
all had characteristics similar to those of drugs.
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EXPERIMENTAL

Materials. All the chemicals that were purchased
commercially were utilized without further purification.
The chemical shift values were expressed in parts per
million (ppm), and the 'H (400 MHz) and '*C (100 MHz)
NMR spectra were obtained using a Bruker AM 400
spectrometer with DMSO-dg solvent and TMS as the
internal reference standard. A Perkin Elmer PE Sciex
API/65 LC-MS apparatus was used to obtain the mass
spectra of the molecules. A Perkin-Elmer 2400 Series 11
Elemental CHN analyzer was used to perform the elemen-
tal analysis.

Synthesis of 2-chloro-3-nitro-5-(trifluoromethyl)
benzamide (II). At room temperature, a stirred solution
of compound (I) (10 mmol), pyridine (6.5 mmol), and
di-tert-butyl dicarbonate (13 mmol) in 1,4-dioxane
was added to ammonium bicarbonate (13 mmol). The
reaction was stirred for 8 h at room temperature. After
the completion of the reaction, the mixture was diluted
with water and extracted with ethyl acetate. The organic
layer was washed with water, dried over anhydrous
sodium sulfate, and the solvent was evaporated to obtain
compound (II) as a white solid. Yield: 86%. mp: 112—
114°C. "HNMR (400 MHz, DMSO-d,), ppm: 7.83 (s, 2H,
—~NH,), 8.46 (s, 1H, Ar-H), 8.70 (s, IH, Ar—H). *C NMR
(100 MHz, DMSO-dy) ¢: 122.4, 122.7, 130.1, 131.0,
131.3, 133.5, 148.1, 168.2. MS: m/z 268 [M + 1]. Anal.
Calcd. for CgH,CIF;N,05: C, 35.78; H, 1.50; N, 10.43.
Found: C, 35.75; H, 1.46; N, 10.48.

Synthesis of 2-(methylthio)-8-nitro-6-(trifluoro-
methyl)-4H-benzo|e][1,3]thiazin-4-one (III). Com-
pound (IT) (5 mmol) was gradually added to the mixture
of NaOH (1.5 eq), DMSO (10 mL), and carbon disulfide
(10 mmol) after it had been cooled between 10 and
15°C. After adding 5 mmol of methyl iodide to the
resultant liquid, the reaction was stirred for 30 min.
After the reaction was completed, ethyl acetate was
used to extract the product from the reaction mixture
and dilute it with water. To obtain compound (III), a
yellow solid, the organic layer was washed with water,
dried over anhydrous sodium sulfate, and the solvent
was removed. Yield: 91%. mp.: 133-135°C. 'H NMR

(400 MHz, DMSO-dy), ppm: 2.72 (s, 3H, —CHj;), 8.21
(s, 1H, Ar-H), 8.68 (s, 1H, Ar-H). '*C NMR (100 MHz,
DMSO-d;), ppm: 14.3,122.7,127.6,129.2,132.1, 132.5,
138.4, 147.8, 162.8, 167.7. MS: m/z 323 [M + 1]. Anal.
Calcd. for C,,HsF5N,05S,: C, 37.27; H, 1.56; N, 8.69.
Found: C, 37.25; H, 1.53; N, 8.74.

General procedure for the synthesis of compounds
(Va-Vi). To a mixture of compound (III) (5 mmol) in
ethanol (10 mL) and triethylamine (5.2 mmol), different
substituted anilines (IVa—IVi) (5 mmol) were gently
added and heated at 60°C for 6 h. After the reaction, the
mixture was cooled to room temperature, diluted with
water, and extracted with ethyl acetate. The organic layer
was washed with water and dried over anhydrous sodium
sulfate. The organic phase was evaporated at reduced
pressure, and the resultant substance was recrystallized
with ethanol, yielding 85-93% of the target compounds
(Va-Vi).

8-Nitro-2-(phenylamino)-6-(trifluoromethyl)-4H-
benzo|e][1,3]thiazin-4-one (Va) [38]. Yield: 88%. mp:
167-169°C. "H NMR (400 MHz, DMSO-d), ppm: 4.15
(s, 1H, -NH), 7.21-7.30 (m, 5H, Ar—H), 8.25 (s, 1H,
Ar-H), 8.64 (s, 1H, Ar-H). 13C NMR (100 MHz,
DMSO-dy), ppm: 120.9, 122.1, 122.7, 127.6, 129.2,
129.6, 132.1, 132.6, 138.5, 139.4, 147.8, 159.3, 167.7.
MS: m/z 368 [M + 1]. Anal. Calcd. for C;sHgF;N;0;S:
C, 49.05; H, 2.20; N, 11.44. Found: C, 49.02; H, 2.16;
N, 11.49.

8-Nitro-2-(p-tolylamino)-6-(trifluoromethyl)-4 H-
benzo|e][1,3]thiazin-4-one (Vb). Yield: 91%. mp:
175-177°C. "H NMR (400 MHz, DMSO-d,), ppm: 2.12
(s,3H,—CH;),4.27 (s, 1H,-NH), 7.56 (d, 2H, /= 8.4 Hz,
Ar-H),7.75(d,2H,J=8.4 Hz, Ar—H), 8.23 (s, I|H, Ar—H),
8.65 (s, 1H, Ar-H). 3C NMR (100 MHz, DMSO-dy),
ppm: 21.5, 116.2, 122.5, 127.6, 129.1, 129.8, 1314,
132.4,132.6,136.4,138.5,147.9, 159.3, 167.7. MS: m/z
382 [M + 1]. Anal. Calcd. for C;4H,,F;N;05S: C, 50.40;
H, 2.64; N, 11.02. Found: C, 50.37; H, 2.61; N, 11.08.

2-((4-Hydroxyphenyl)amino)-8-nitro-6-(trifluoro-
methyl)-4H-benzo|e][1,3]thiazin-4-one (Vc). Yield:
86%. mp: 172-174°C. "H NMR (400 MHz, DMSO-dy),
ppm: 4.13 (s, 1H, -NH), 5.70 (s, 1H, —-OH), 6.78 (d, 2H,
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J=17.6 Hz, Ar—H), 6.88 (d, 2H, J= 8.0 Hz, Ar—H), 8.22
(s, 1H, Ar-H), 8.63 (s, 1H, Ar-H). 3C NMR (100 MHz,
DMSO-dy), ppm: 116.4,117.6,122.7,127.6,129.2,129.8,
132.3,132.6,138.5, 147.5, 148.9, 159.3, 167.5. MS: m/z
384 [M + 1]. Anal. Calcd. for C,sH3F;N50,S: C, 47.00;
H, 2.10; N, 10.96. Found: C, 46.95; H, 2.07; N, 11.02.
2-((4-Fluorophenyl)amino)-8-nitro-6-(trifluoro-
methyl)-4 H-benzo[e][1,3]thiazin-4-one (Vd). Yield:
89%. mp: 153-155°C. "H NMR (400 MHz, DMSO-dy),
ppm: 4.28 (s, 1H,—NH), 7.59 (d, 2H, J = 8.0 Hz, Ar-H),
7.83 (d, 2H, J=8.4 Hz, Ar-H), 8.23 (s, 1H, Ar-H), 8.64
(s, 1H, Ar-H). 13C NMR (100 MHz, DMSO-d,), ppm:
116.3, 120.8, 122.4, 127.3, 129.2, 132.1, 132.5, 135.2,
138.5,147.8,157.2,159.2, 167.6. MS: m/z 386 [M + 1].
Anal. Caled. for C;sH,F,N;05S: C, 46.76; H, 1.83; N,
10.91. Found: C, 46.74; H, 1.80; N, 10.95.
2-((4-Chlorophenyl)amino)-8-nitro-6-(trifluoro-
methyl)-4H-benzo|e][1,3]|thiazin-4-one (Ve). Yield:
91%. mp: 162-164°C. '"H NMR (400 MHz, DMSO-dj),
ppm: 4.25 (s, 1H,—NH), 7.21 (d, 2H, J = 8.8 Hz, Ar-H),
7.82 (d, 2H, J = 8.8 Hz, Ar—H), 8.26 (s, 1H, Ar-H), 8.67
(s, IH, Ar-H). 13C NMR (100 MHz, DMSO-d,), ppm:
120.8, 122.5, 127.4, 127.9, 129.2, 129.6, 132.3, 132.6,
137.5, 138.6, 147.8, 159.5, 167.5. MS: m/z 402 [M + 1].
Anal. Calcd. for C;sH,CIF;N;0,S: C, 44.84; H, 1.76;
N, 10.46. Found: C, 44.81; H, 1.72; N, 10.51.
8-Nitro-2-((4-nitrophenyl)amino)-6-(trifluoro-
methyl)-4H-benzo[e][1,3]thiazin-4-one (V). Yield:
93%. mp: 182-184°C. '"H NMR (400 MHz, DMSO-d),
ppm: 4.26 (s, 1H,—NH), 6.98 (d, 2H, J = 8.8 Hz, Ar-H),
7.82 (d, 2H, J=17.6 Hz, Ar-H), 8.26 (s, 1H, Ar-H), 8.67
(s, IH, Ar-H). 13C NMR (100 MHz, DMSO-d,), ppm:
114.3, 122.7, 124.7, 127.6, 129.2, 132.1, 132.6, 137.9,
138.5, 145.6, 147.8, 159.3, 167.5. MS: m/z 413 [M + 1].
Anal. Calcd. for C;sH,F;N,0sS: C, 43.70; H, 1.71;
N, 13.59. Found: C, 43.66; H, 1.69; N, 13.65.
2-((3,5-Difluorophenyl)amino)-8-nitro-6-(trifluoro-
methyl)-4 H-benzo[e][1,3]thiazin-4-one (Vg). Yield:
86%. mp: 156-158°C. "H NMR (400 MHz, DMSO-dy),
ppm: 4.29 (s, 1H,—NH), 6.57 (s, 1H, Ar—H), 7.12 (s, 2H,
Ar-H), 8.26 (s, IH, Ar-H), 8.65 (s, 1H, Ar—H). *C NMR
(100 MHz, DMSO-d;), ppm: 94.7, 106.4, 122.7,

127.6, 129.2, 132.1, 132.6, 138.5, 147.2, 147.8, 158.5,
159.3, 167.7. MS: m/z 404 [M + 1]. Anal. Calcd. for
C,sHgFsN;058S: C, 44.67; H, 1.50; N, 10.42. Found: C,
44.64; H, 1.46; N, 10.47.

8-Nitro-6-(trifluoromethyl)-2-((3,4,5-trifluoro-
phenyl)amino)-4H-benzo|e][1,3]thiazin-4-one (Vh).
Yield: 88%. mp:164-166°C. 'H NMR (400 MHz,
DMSO-d,), ppm: 4.29 (s, 1H, -NH), 6.34 (s, 2H, Ar—H),
8.23 (s, 1H, Ar—H), 8.62 (s, 1H, Ar-H). 13C NMR
(100 MHz, DMSO-dy), ppm: 102.1, 122.7, 127.6,
129.5, 130.6, 132.1, 132.5, 138.5, 143.2, 147.4, 151.9,
159.3, 167.7. MS: m/z 422 [M + 1]. Anal. Calcd. for
CysHsFgN;O5S: C, 42.77; H, 1.20; N, 9.97. Found: C,
42.74; H, 1.15; N, 10.03.

8-Nitro-6-(trifluoromethyl)-2-((4-(trifluoromethyl-
phenyl)amino)-4H-benzo[e][1,3]thiazin-4-one (Vi).
Yield: 90%. mp: 147-149°C. 'H NMR (400 MHz,
DMSO-dy), ppm: 4.25 (s, 1H, -NH), 7.21 (d, 2H, J =
8.8 Hz, Ar-H), 7.82 (d, 2H, J = 8.8 Hz, Ar-H), 8.26
(s, 1H, Ar-H), 8.63 (s, 1H, Ar—H). 3C NMR (100 MHz,
DMSO-dy), ppm: 116.5,122.4,124.1,125.9, 126.5, 127.6,
129.2, 132.3, 132.6, 138.3, 142.7, 147.8, 159.3, 167.7.
MS: m/z 436 [M + 1]. Anal. Calcd. for C;4H,FcN;0;S:
C, 44.15; H, 1.62; N, 9.65. Found: C, 44.11; H, 1.60;
N, 9.69.

Antitubercular assay. An evaluation was carried out
on the antitubercular activity of the newly synthesized
compounds (Va—Vi) against MDR-Mtb and Mtb H37Rv
strains. Mycobacterial cultures, namely Mth H37Rv
(ATCC 27294) and MDR-Mth (ATCC 35822), were
obtained from the ATCC. For this investigation, a two-
fold serial dilution from 125 to 0.1 uM was employed,
as previously reported [39—43]. The MIC was the lowest
dosage of the medication that inhibited bacterial growth.
In a single experiment, the concentration of each molecule
was measured in triplicate, and the mean £ SD was
calculated.

Cytotoxicity assay. A normal lung fibroblast cell line,
known as WI-38, was used to test the cytotoxic effects of
the synthesized compounds. The MTT assay was used to
conduct the test. The cytotoxicity assay was carried out in
accordance with our previously published work [44—46].
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DprE1 inhibition studies. As per the reported
literature [47], Mtb DprE1 was expressed and purified
in E. coli cells. The Amplex Red/peroxidase-linked
test was used to measure enzyme activity by the pub-
lished protocol [48]. In summary, DprE1 (0.5 uM) was
incubated at 30°C in 20 mM glycylglycine pH 8.5,
which also included 0.35 uM horseradish peroxidase
and 0.050 mM Amplex Red. 500 uM FPR was added to
start the reaction, and resorufin production was measured
at 572 nm. A negative control was DMSO. The ICs, value
of the enzyme inhibitory activity was determined and
contrasted with PBTZ169, a positive control.

Molecular docking. The docking investigation of
potent compounds with the target protein was carried
out using AutoDock Vina, which was expanded in UCSF
Chimera. DprE1 (PDB ID: 4P8L), a receptor from the
RCSB Protein Data Bank, was used in this instance.
AutoDock Tools were used to prepare the DprE1 protein.
Hydrogen atoms were initially added to the protein after
water molecules were eliminated. The AutoDock Vina
application is used to dock the ligands’ structures with
specific protein structures once the ligands’ pdb and
mol2 files are constructed using the ChemBioOffice
tool. Using default values for the remaining parameters,
the Lamarckian genetic algorithm calculating approach
employs the ligand molecular coordinates from the
original crystal structure as the center of the box. Only
the optimal location with a root mean square deviation of
less than one A was chosen from all the docked outcomes.
Utilizing UCSF Chimera and BIOVIA Discovery Studio
Visualization, the ideal protein-ligand posture was
illustrated. Additionally, utilizing the free web server
http://www.swissadme.ch/, the drug-likeness of the
compounds was assessed.

CONCLUSIONS

In conclusion, we report that new benzothiazinone
derivatives (Va—Vi) were successfully synthesized under
simple conditions using a multi-step methodology, and
excellent yields of these novel compounds were achieved.
Compounds (Vf-Vi) were shown to be potent when
their antitubercular activity was evaluated against drug-
sensitive Mtb H37Rv and MDR-TB strains. When SAR

was analyzed, it was shown that a modification in the
nature of the substituent had a significant influence on
antitubercular efficacy. With MIC values of 0.01 and
0.21 uM for drug-resistant MDR-TB strains and drug-
sensitive Mth H37Rv strains, respectively, compound (Vi)
was the most effective analogue. The DprEl enzyme, a
crucial enzyme for TB, is inhibited by compounds (Vf)
and (Vi), according to the enzyme inhibition data. The
ICs, values of these compounds were similar to those
of the reference drug PBTZ169, but they also had the
advantage of being active against the MDR-TB strain.
All of the newly synthesized compounds were shown
to be non-cytotoxic, even at a concentration of 64 uM,
indicating that they have great promise as candidates for
anti-infective drug development. According to molecular
docking experiments, all of the potent compounds under
investigation bind firmly to the target protein (PDB ID:
4P8L), which confirms excellent inhibitory efficacy
against the DprE1 enzyme. This work introduces novel
benzothiazinone compounds for further investigation
in our search for new antitubercular agents with lower
toxicity.
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