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Abstract

A new series of sulfonamide derivatives (6a-c), containing 1,2 4-triazole-3-thiol (5a-c) ring system,
were synthesized and their structures were identified by using ATR-FT-IR and *tHNMR spectroscopic analytical
techniques. Bacteria H. pylori is the most common etiology of gastric ulcers, and gastric cancer in humans. The
carbonic anhydrase enzyme regulates the acid-base balance and enables survival in the stomach's highly acidic
environment. This study utilized computational techniques to screen potential carbonic anhydrase inhibitors that
target H. pylori as a therapeutic approach. The synthesized compounds interact with the zinc-binding domain of
the H. pylori carbonic anhydrase (PDB: 4YGF) enzyme, causing disturbance of the acid-base equilibrium and
affecting the ability to adapt to the stomach's acidic environment. This, in turn, affects the pathogenicity and
virulence of the H. pylori. The synthesized compounds undergo in vitro evaluation to assess their antimicrobial
activity against specific strains of Gram-positive, and Gram-negative bacteria, and fungi species and compare
them with standard antimicrobial drugs such as sulfamethoxazole, sulfadiazine, and fluconazole. The results
indicate successful synthesis of the target compounds, which exhibit a high activity against, Gram-positive
bacteria (S. aureus, S. pneumonia, and B. subtilis), moderate to a high activity against Gram-negative bacteria
(P. aeruginosa, E. coli, N. gonorrhoeae and H. pylori), and highly active against fungi species (C. albicans).
Keywords: Sulfonamide, 1,2,4-triazole-3-thiol, carbonic anhydrase, computational techniques, zinc-binding domain.

Introduction
The main cause of drug resistance in the
healthcare setting is the excessive and incorrect

rely on CAs for their survival, pathogenicity, and
virulence. A lot of biologically active compounds

consumption of different antimicrobial agents.
Many strategies have been taken to find novel
antibacterial compounds capable of fighting
resistant organisms ®. These approaches include
improving existing chemical classes or discovering
new chemical scaffolds that target known or
previously identified antibacterial targets * 3,

Sulfonamides are an important class in the area of
medicinal chemistry ® due to their wide variety of
pharmacological  activities, including anti-
inflammatory ®, anti-cancer © 7, anti-glaucoma ®),
anti-diabetic ©®, and anti-microbial properties % 19,
Sulfonamide moieties act as carbonic anhydrase
inhibitors and antimicrobial agents @2 13  All
classes of carbonic anhydrases (CAs) are
metalloenzymes, meaning that their catalytic sites
contain a crucial metal ion cofactor necessary for
catalysis 4 5. Only the a-class of CAs is found in
mammals; a-, B-, y-, 8-, and 6-classes are found in
plants and algae; o- and B-CAs are encoded by
fungi; a-, B-, and 1-CAs are encoded by protozoa
(14), Several species of human pathogens, including
H. pylori @®, Vibrio cholera @, E. coli ®®, P.
aeruginosa %, and Burkholderia pseudomallei @2,

originate from heterocyclic compounds @9, Many
promising medicinal drug candidates, including
those with anti-inflammatory @2, anti-viral @),
anti-cancer ?* 2%, and antimicrobial properties @&
20, have 1,2,4-triazole ring system @ 28, To
combat the rapidly developing resistance to drugs,
new agents should possess chemical characteristics
that are distinct from existing agents ®® Among
these characteristics, the inclusion of a
sulfonamide-containing heterocyclic moiety has
proven to be particularly significant in the field of
medicinal chemistry 039,

Materials and methods
Molecular docking

The process was initiated by obtaining the
crystal structure of H. pylori (PDB code: 4ygf)
from the Protein Data Bank (PDB). To narrow our
attention to the region where the ligand interacts,
we eliminated water molecules more than 5 A
away from the binding site. To replicate
physiological settings, we conducted protein
preparation at a pH of 7. This procedure entailed
the optimization of hydrogen atoms and the
assignment of bond ordering.
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Afterward, we optimized the protein structure using
the OPLS4 force field, a widely recognized
molecular mechanics force field for biomolecular
simulations. Furthermore, the ligand was prepared
by applying the OPLS4 force field at a pH of 7 + 2.
This was done to ensure that the ligand molecule’s
shape and net charge were consistent with
physiological conditions. As well as we considered
the addition of a metal binding state of the ligands.
The grid-based method was used to define the
specific area of interest for the binding site for
conducting docking simulations. The process
entailed creating a grid using the co-crystallized
ligand, which yielded crucial information on the
suitable binding pocket for the new ligand.
Positioned the indigenous ligand at the focal point
of the grid and constructed a cuboid with
dimensions of 20 A surrounding it. This delineated

the area in which the upcoming docking simulation
would occur.

Glide, an advanced docking software program
developed by Schrédinger (version 2023) for the
docking simulation, was employed. Typical
precision docking with flexible sampling of the
ligand to thoroughly investigate the interactions
between the ligand and protein inside the specific
binding pocket was used. By employing this
method, we evaluated candidate binding positions
and anticipated the binding configurations that
would yield the highest energy stability between
the ligand and the protein target 233),

Docking validation was conducted by redocking
the reference ligand and comparing the docked
conformation with the original conformation (the
cocrystallized) 4.

Figure 1. Docking validation by redocking the co-crystallized ligand. The molecule in red is the reference
ligand from the crystal structure, while the molecule in blue is the docked ligand. The low differences in
the conformation between the red and blue ligands indicate a good docking protocol validation. RMS

value is 3.5 A.

Chemical synthesis
Materials

The solvents and chemicals utilized in the
synthesis were analytical grades obtained from
private sources and employed without additional
purification. The Thin Layer Chromatography
(TLC) technique was utilized to confirm the
reaction's success and assess the product's purity.
The Stuart SMP30 was utilized to measure the
uncorrected melting points using the capillary tube
and electronic melting point apparatus. The
University of Baghdad/College of Pharmacy
acquired the infrared spectra using an ATR FT-IR
spectrophotometer manufactured by Shimadzu,
Japan. 'HNMR spectra were acquired using a
BRUKER model Ultra Shield 300 MHz
spectrophotometer with DMSO-d6 as the solvent at
the University of Mashhad in the Islamic Republic
of Iran.
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Synthesis  of  4-acetamidobenzene
chloride (compound1)®©®

The dry conical flask that contains (2.7 g, 20
mmol) of acetanilide is immersed in a cold water
bath. Chlorosulfonic acid (8 ml, 120 mmol) was
added from the dropping funnel all at once and
immediately connected to the conical flask, which
contained some amount of water to trap the
liberated gas. The solution is rapidly stirred,
keeping the temperature below 20 °C. Then the
flask was heated in a hot water bath at 70-80 °C for
20 min, to complete the reaction after the
acetanilide had mostly dissolved and the initial
exothermic reaction had subsided. Once the flask
had cooled to room temperature, it was transferred
into a 250 ml beaker holding 100 g of crushed ice,
and stirred by glass road to prevent the formation
of large lumps. The precipitate was collected by
vacuum filtration and washed with cold distilled
water till the filtrate was neutral to PH paper. After
the product was dried, washed with toluene, and
recrystallized from chloroform to give a white to

sulfonyl
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cream-beige solid, yield 75%, melting point 143—
145 °C.

General procedure for the synthesis of methyl
esters (2a-c)©®

In a round bottom flask, carboxylic acids
1.22, 1.57, and 1.67 grams of benzoic acid, 4-
chlorobenzoic acid, and 4-nitrobenzoic acid
respectively equivalent to (10 mmol) were
dissolved in 20 ml of methanol. The flask was
down-cooled in the ice bath, and thionyl chloride
Iml equivalent to (15 mmol) was added dropwise
over 10 min. The mixture was refluxed for 3h. The
solvent was evaporated, and the solid ester was
redissolved in dichloromethane and extracted in a
separatory funnel with D.W., then with a 10%
saturated solution of sodium bicarbonate to remove
excess unreacted carboxylic acid. The drying agent
(Na2S0.) and evaporation of dichloromethane gave
the ester in pure form.

Methyl-4-nitrobenzoate, compound (2a)

Off-white crystals, yield 90%; m.p. 90-92 °C. FT-
IR (v=cm): 3113 aromatic (C-H) stretching, 2958
and 2854 asymmetric and symmetric stretching
respectively of CHs, 1716 (C=0) stretching of ester,
1608 and 1590 aromatic (C=C) stretching, 1519 and
1346 asymmetric and symmetric stretching
respectively of NO,, 1269 (C-0O) stretching of ester,
875 (C-N) stretching of nitroaromatic.

Methyl-4-chlorobenzoate, compound (2b)
White-crystals, yield 85%, m.p. 39-40 °C. FT-IR
(v=cm™): 3039 aromatic (C-H) stretching, 2954
and 2850 asymmetric and symmetric stretching
respectively of CHs, 1716 (C=0) stretching of ester,
1593 and 1489 aromatic (C=C) stretching, 1273 (C-
O) stretching of ester, 1087 (C-ClI) stretching of
chlorobenzene.

Methyl benzoate, compound (2c)

Yellow oil liquid, yield 70%, B.p. 196-198 °C. FT-
IR (v=cm™): 3032 aromatic (C-H) stretching, 2951
and 2850 asymmetric and symmetric stretching
respectively of CHs, 1716 (C=0) stretching of ester,
1600 and 1492 aromatic (C=C) stretching, 1273 (C-
0) stretching of ester.

General procedure for the synthesis of hydrazide
(3a_c)(37, 38)

Aroyl esters (10 mmol) were added to a
round-bottom flask that contained 25 ml of
absolute ethanol. Hydrazine hydrate (80%, 50
mmol) was added gradually with shaking. The
mixture was refluxed, and the progress of the
reaction  was  monitored by thin-layer
chromatography (Ethyl acetate: Hexane (2:1)) as a
mobile phase. After completion of the reaction, the
volume of ethanol was reduced by evaporation, and
then cold D.W. was added. The formed solid
precipitate was collected by filtration, washed with
cold D.W. several times, and recrystallized from
ethanol.
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4-Nitrobenzohydrazide, compound (3a)

Yellow crystals, yield 85%, m.p. 195-198 °C. FT-
IR (v= cm?): 3329 and 3255 asymmetric and
symmetric stretching respectively of NH,, 3109
aromatic (C-H) stretching, 1647 (C=0O) amide I
band, 1620 (N-H) amide II band, 1593 and 1489
aromatic (C=C) stretching, 1508 and 1338
asymmetric and symmetric stretching respectively
of NO..

4-Chlorobenzohydrazide, compound (3b)

White needle-like crystals, yield 80%, m.p. 153-
155 °C. FT-IR (v= cm?): 3309 and 3213
asymmetric and symmetric stretching respectively
of NH, 3012 aromatic (C-H) stretching, 1658
(C=0) amide I band, 1612 (N-H) amide II band,
1554 and 1481 aromatic (C=C) stretching, 1091
(C-CI) stretching of chlorobenzene.

Benzohydrazide, compound (3c)

White needle-like crystals, yield 75%, m.p. 110-
112 °C. FT-IR (v= cm?): 3298 and 3197
asymmetric and symmetric stretching respectively
of NH, 3012 aromatic (C-H) stretching, 1658
(C=0) amide I band, 1612 (N-H) amide II
band,1554 and 1485 aromatic (C=C) stretching.

General procedure for the synthesis of potassium
dithiocarbamate salt (4a-c)©”

A solution was created by dissolving (20
mmol) of potassium hydroxide in 30 ml of dry
ethanol. The solution was then cooled, and (10
mmol) of hydrazide (3a-c) was added. While
continuously stirring, (30 mmol) of carbon
disulfide was slowly added to the clear, cold
solution. The mixture was left to stir at room
temperature (25 °C) for 18 h. Once complete,
anhydrous diethyl ether was added, resulting in the
formation of a solid precipitate. This precipitate
was filtered through Whatman filter paper, and the
resulting salt was used in the next step without
further purification.

Potassium 2-(4-nitrobenzoyl)hydrazine-1-
carbodithioate, compound (4a)

Orange crystals, yield 75%, m.p. 280-282 °C
decomposed. FT-IR (v=cm™): 3402 and 3197 (N-
H) stretching of secondary amide and thioamide
respectively, 3101 aromatic (C-H) stretching, 1651
(C=0) amide I band, 1597 (N-H) amide II band,
1508 and 1342 asymmetric and symmetric
stretching respectively of NO,, 1465 aromatic
(C=C) stretching, 1060 (C=S) stretching, 651 (C-S)
stretching.

Potassium 2-(4-chlorobenzoyl)hydrazine-1-
carbodithioate, compound (4b)

Yellow crystals, yield 50%, m.p. 252-255 °C
decomposed. FT-IR (v=cm™): 3367 and 3236 (N-
H) stretching of secondary amide and thioamide
respectively, 3089 aromatic (C-H) stretching, 1620
(C=0) amide I band, 1600 (N-H) amide II band,
1519 and 1469 aromatic (C=C) stretching, 1091
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(C-CI) stretching of chlorobenzene, 1064 (C=S)
stretching, 663 (C-S) stretching.

Potassium  2-benzoylhydrazine-1-carbodithioate,
compound (4c)

off white crystals, yield 70%, m.p. 250-252 °C
decomposed. FT-IR (v= cm™): 3302 and 3248 (N-
H) stretching of secondary amide and thioamide,
3109 aromatic (C-H) stretching, 1620 (C=0) amide
I band, 1573 (N-H) amide II band, 1508 and 1481
aromatic (C=C) stretching, 1068 (C=S) stretching,
640 (C-S) stretching.

General procedure for the synthesis of 1,2,4-
triazole-3-thiol (5a-c)¢€"

Potassium dithiocarbamate salt (5 mmol)
was dissolved in a little portion of D.W. in a round-
bottom flask equipped with a condenser and an
outlet. Hydrazine hydrate (10 mmol) was added to
it. The mixture was refluxed for 10-12h, and the
progress of the reaction was monitored by the
evolution of hydrogen sulfide (H2S) gas that was
detected on lead acetate paper put on the outlet.
During reflux time, the color of the solution
changed to light green, and finally, the
homogenous solution resulted. A few drops of 35%
hydrochloric acid were added to liberate the solid
residue, filtered, and recrystallized from ethanol.

4-amino-5-(4-nitrophenyl)-4H-1,2,4-triazole-3-
thiol, compound (5a)

Yellow powder, yield 70%, m.p. 187-190 °C
decomposed. FT-IR (v= cm™): 3448 and 3352
asymmetric and symmetric stretching respectively
of NH2, 3086 aromatic (C-H) stretching, 2769 (S-
H) stretching, 1604 (C=N) stretching, 1577 and
1485 aromatic (C=C) stretching, 1172 (C=S)
stretching.

4-amino-5-(4-chlorophenyl)-4H-1,2,4-triazole-3-
thiol, compound (5b)

White powder, yield 60%, m.p. 212-214 °C
decomposed. FT-IR (v= cm™): 3356 and 3251
asymmetric and symmetric stretching respectively
of NHy, 3147 aromatic (C-H) stretching, 2758 (S-
H) stretching, 1608 (C=N) stretching, 1566 and
1477 aromatic (C=C) stretching, 1068 (C=S)
stretching.

4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol,
compound (5c¢)

White powder, yield 65%, m.p. 204-206 °C
decomposed. FT-IR (v= cm™): 3290 and 3240
asymmetric and symmetric stretching respectively
of NH,; 3109 aromatic (C-H) stretching, 2758 (S-
H) stretching, 1612 (C=N) stretching, 1573 and
1481 aromatic (C=C) stretching, 1064 (C=S)
stretching.
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General procedure for the synthesis of
sulfonamide derivatives (6a-c)®®
To the stirred ice-cold solution of

compounds (5a-c) equivalent to (1 mmol) in THF
(8ml) and pyridine (1,5 mmol), compound (1)
equivalent to (1 mmol) was added gradually. Then
the solution was left to be stirred at room
temperature, under argon gas for 24 h, the
precipitate  was formed, filtered out, and
recrystallized from ethanol.

N-(4-((3-mercapto-5-(4-nitrophenyl)-4H-1,2,4-
triazole-4-yl)sulfonyl)phenyl)acetamide,
compound (6a)

Pale yellow powder, yield 50%, m.p. 118-120 °C.
FT-IR (= cm®): 3379 (N-H) stretching of
sulfonamide, 3109 aromatic (C-H) stretching, 1693
(C=0) amide I band, 1635 (N-H) bending of
sulfonamide, 1589 (N-H) amide II band, 1527 and
1489 aromatic (C=C) stretching, 1315 and 1157
asymmetrical and  symmetrical  stretching
respectively of (O=S=0), 1257 (C-N) stretching of
amide. HNMR: (300 MHz, DMSO-d =ppm):
10.01(s, 1H, NH of triazole), 8.95(s, 1H, -NH-
S0O,), 8.61(s, 1H, -NH-C=0), 7.53-8.60(m, 8H, Ar-
), 2.06(s, 3H, CHs-).

N-(4-(N-(3-(4-chlorophenyl)-5-mercapto-4H-
1,2,4-triazole-4-yl)sulfamoyl)phenyl)acetamide,
compound (6b)

White powder, yield 60%, m.p. 116-119 °C. FT-IR
(v=cm™): 3379 (N-H) stretching of sulfonamide,
3109 aromatic (C-H) stretching, 1693 (C=0) amide
I band, 1635 (N-H) bending of sulfonamide, 1589
(N-H) amide II band, 1527 and 1489 aromatic
(C=C) stretching, 1315 and 1157 asymmetric and
symmetric stretching respectively of (O=S=0), 1257
(C-N) stretching of amide. *HNMR: 10.01(s, 1H,
NH of triazole), 8.92(s, 1H, -NH-S0,), 8.57(s, 1H,
-NH-C=0), 7.52-8.55(m, 8H, Ar-), 2.06(s, 3H,
CHgs-).

N-(4-(N-(3-mercapto-5-phenyl-4H-1,2,4-triazol-4-
yhsulfamoyl)phenyl)acetamide, compound (6c¢)
White powder, yield 70%, m.p. 120-122 °C. FT-IR
(v=cm™): 3375 (N-H) stretching of sulfonamide,
3109 aromatic (C-H) stretching, 1693 (C=0) amide
I band, 1635 (N-H) bending sulfonamide, 1589 (N-
H) amide II band, 1527 and 1489 aromatic (C=C)
stretching, 1315 and 1157 asymmetric and
symmetric stretching respectively of (O=S=0), 1257
(C-N) stretching of amide. *HNMR: 10.02(s, 1H,
NH of triazole), 8.94(s, 1H, -NH-SO), 8.56(s, 1H,
-NH-C=0), 7.53-8.07(m, 9H, Ar-), 2.06(s, 3H,
CH3-).
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Scheme 1. Synthesis of the titled compounds.

In vitro antimicrobial study “°-42)

The minimum inhibitory concentration
(MIC), alongside the agar diffusion method, was
used to assess the antimicrobial activity of the
target derivatives against various microorganisms,
including Gram-positive bacteria (S. aureus, S.
pneumonia, and B. subtilis), Gram-negative
bacteria (P. aeruginosa, E. coli, N. gonorrhoeae,
and H. pylori), and fungal species (C. albicans). At
concentrations ranging from 10-1000 mcg/ml,
several diluted solutions were created from a stock
solution (10 mg/ml) of each derivative. These
solutions were prepared on a microtiter plate. The
diluent used was Mueller-Hinton broth. Each well
was inoculated with 20 pl of a bacterial suspension
equivalent to McFarland standard no. 0.5
(1.5x108CFU/mlI), except for the negative control
wells. After that, the microtiter plates were
incubated for 18 to 20 hours at 37°C. Following the
incubation period, 20 pl of resazurin dye was
introduced into each well. The samples then
underwent incubation for 2 hours to observe color
changes. In the resazurin broth assay, the sub-MIC
concentrations were ascertained visually in broth
micro dilutions as the lowest concentrations at
which the color changed from blue to pink.
Sulfadiazine, sulfamethoxazole, and fluconazole
were utilized as reference antibiotics.
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Statistical analysis

All the experiments were performed and
reported in triplicate. The average mean values
were reported along with standard deviation values.
The T-test was conducted after verifying the
normality and homogeneity of the data to assess its
significance and compare the means (* <0.05). The
software used for statistical analysis is (R Studio
4.5 was used for the correlations).

Results and Discussion
1-Chemistry

New sulfonamide derivatives, compounds
(6a-c), were synthesized by directly substituting an
aryl sulfonyl chloride with 1,2,4-Triazole-3-thiol,
as illustrated in Scheme 1. To synthesize
compounds (2a-c), aromatic carboxylic acids were
converted into their corresponding methyl ester
compounds through a reaction with thionyl
chloride in the presence of methanol as a solvent
and reactant. Subsequently, compounds (3a-c) were
prepared by refluxing compounds (2a-c) with
hydrazine hydrate (NH2NH2.H,0), as shown in
Scheme 243, The resulting hydrazides were treated
with carbon disulfide and ethanolic potassium
hydroxide to form their dithiocarbamate salt
compounds (4a—c), as shown in Scheme 3 ©4 49,
These salts were then subjected to a reaction with
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hydrazine to produce compounds (5a—c). Finally,
compounds (6a—c) were created by
stirring compounds (5a—c) with 4-
acetamidobenzene sulfonyl chloride under argon
gas in the presence of THF as a solvent and
pyridine as a catalyst, the reaction proceeded
through the Sn-2 type mechanism, Scheme 4 9,
The newly synthesized compounds were
characterized and identified using FTIR and
IHNMR  spectrum studies. The identification
of methyl ester compounds (2a-c) relies on a
prominent, well-defined peak at 1716 cm™. The
carbonyl bands exhibit a shift towards a lower
frequency, specifically around 1650 cm™
Additionally, two new bands appeared around
3300-3200 cm?, representing the primary amine's
asymmetrical and  symmetrical  stretching
vibrations, respectively, indicating the synthesis of
hydrazide compounds (3a—c). The presence of two
additional bands around 1060 cm® and 600 cm™,
which correspond to the stretching of (C=S) and
(C-S) bonds, respectively, provides evidence for

&)

H

the successful synthesis of dithiocarbamate salts,
(compounds 4a-c). The disappearance of the
carbonyl band, the distinct appearance of two
bands of primary amine around 3400-3200 cm
(asymmetrical and  symmetrical  stretching
respectively of NH), and the rise of a new band
around 1600 cm™ for (C=N) stretching indicate the
formation of the 1,2,4-triazole-3-thiol ring system.
Identifying a single band at approximately 3370
cm?, corresponding to the (N-H) stretching
vibrations of sulfonamide groups, assures the
successful synthesis of the final compounds. The
successful chemical synthesis of the final
sulfonamide derivatives is supported by 'HNMR
spectra. All spectra show characteristic singlet
peaks around 10 ppm and 9 ppm for the (NH) of
triazole ring systems and sulfonamide groups,
respectively. Additionally, singlet peaks around 8
ppm for the (NH) of the amide group and around 2
ppm for (CHa) indicate the synthesis of new classes
of sulfonamide derivatives containing 1,2,4-
triazole-3-thiol ring system.
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Scheme 2. Mechanism of reactions for the synthesis of carboxylic acid hydrazides from carboxylic acids.
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Scheme 4. Sn-2 mechanism in synthesizing sulfonamide derivatives.
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2-In silico study

This section will emphasize the analysis of
the binding interactions and affinities of different
compounds with carbonic anhydrase, focusing on
the critical interactions within the active site of the
enzyme and their impact on the efficiency of
binding. Acetazolamide has shown high binding
affinity, reflected by a docking score of -6.5
kcal/mol. This high binding is supported by several
key interactions, including hydrogen bonds
between its amide group and the Asn 108, the
sulfonamide group and Thr 191, and an extended
coordination between the sulfonamide group and
the zinc ion Zn301. These interactions stabilize the
ligand within the enzyme's active site and enhance
its inhibitory effect. The docking score for
compound 6a is slightly lower, -5.5, reflecting its
interactions within the active site. This compound
Table 1. Docking score in (kcal/mol)

forms hydrogen bonds with Pro 193 via an amide
group, Asn 108 via a sulfonamide group, and Lys
88 via its nitro group. In addition, compound 6a
binds to the zinc ions via the sulfur substituent in
its triazole ring, which helps to explain why it has a
moderate affinity for binding. The docking score of
compound 6b was -4.6; it forms two 7m-m stacking
interactions with His 110 and His 84. It also
establishes a hydrogen bond with Trp 23 via its
amide group and coordinates via the sulfur
substituent of the triazole ring with Zn301. Similar
to compound 6b, compound 6c also showed a
docking score of -4.7, exhibiting the same
interaction pattern, including n-n stacking with His
110 and His 84, a hydrogen bond with Trp 23, and
coordination with Zn301 via the sulfur substituent
of the triazole ring.

Compounds Docking score (kcal/mol)
Compound 6a -5.5
Compound 6b -4.6
Compound 6¢ -4.7
Acetazolamide -6.2

Sulfamethoxazole -3.83

Sulfadiazine -2.5

LU
Ll

Figure 2. This figure illustrates the interaction of acetazolamide (AZM) with carbonic anhydrase,
highlighting the key binding interactions within the enzyme's active site.
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Figure 3. Molecular docking of CAs isolation from (PDB ID 4YGF) with compounds (6a,6b, and 6c).
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3-Anti-microbial study negative bacteria, and fungal species Candida
According to the minimum inhibitory albicans with low concentration as compared to
concentration results, compound (6a) can inhibit another compound (6b and 6c).

various strains of Gram-positive bacteria, Gram-
Table 2. Statistical test between the minimum inhibitory concentration (MIC) and isolations.

MIC in mcg/ml
[72] )
E s | f £ s S § 35| 5w
© < R Q = -~ ~ Q £ 5
& 3 “ § 3 © N | =& é S =
8 ¥ 2 < a S g X S | S8
S “ S 3 S, &)
6a 125 250 125 250 250 250 500 125 -
6b 500 1000 500 500 1000 1000 1000 500 -
6¢ 250 250 500 500 500 500 500 250 -
Sulfadiazine 125 125 125 125 250 125 250 - -
Sulfamethoxazole 125 250 125 125 250 125 125 - -
Fluconazole - - - - - - - 125 -
Mean +SD 187.5+ | 312.5 | 229421 | 250+20 | 3754+34 | 333+ | 396+35 | 167+ i
172 +351 5 9 4 367 7 188
SEM 70 143 88 85 141 150 145 77 -
0.08 0.07 0.08
- * * * * * -
P-value 0.04 NS 0.04 0.03 0.04 NS 0.04 NS
NS: No Significant Value (* <0.05)

Figure 4. The MIC of new sulfonamide derivatives (6a,6b, and 6c) with reference compounds
(Sulfadiazine, sulfamethoxazole, and fluconazole) on different isolation.
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Table 3. The significance between the zone of inhibition and isolations.

The zone of inhibition in (mm) depends on MIC for each compound in (mcg/ml)

Q

8 ”n © n g © — Q
g 3 S| = = gl 8| 5| g | 82
S S » E 2 o = Z = 2 S s
£ © 3 > L = S : E 3¢
S » s o 8 s| T 3 =
6a 32 32 21 8 20 33 32 -
6b 27 32 19 18 21 8 29 29
6c 30 31 22 20 23 6 28 31 -
Sulfadiazine 33 32 24 20 29 17 37 - -
Sulfamethoxazole 29 35 21 19 28 18 36 - -
Fluconazole 31
DMSO - - - - - - - - -
30.2+2. | 32.4+1 1745.0 | 24.2+4 | 12.25+ | 32.6x4 | 30.75+
Meanz SD 38 51 | 214xl811 g 08 | 613 | 03 | 1.25 -
SEM 1.06 0.67 0.81 2.28 1.82 3.06 1.805 0.62 -
9.29657 | 1.1487 | 1.23431E | 0.0017 | 1.8795 5.5320 | 1.8860
p-value E-6* | 3E-6% | -5 3 | 3gax | 002 | gEex | ypsx |

NS: No Significant Value * (P<0.05)

(-) indicates no activity, slightly active (inhibition zone between 5-10 mm), moderately active (inhibition
zone between 10-15 mm), and highly active (inhibition zone greater than 15 mm).

The results presented in Table 2, we
conducted statistical tests to examine the
significance between the minimum inhibitory
concentration (MIC) and various microbial isolates.
The T-test results revealed significant between the
MIC values and the isolates (S. aureus, B. subtilis,
E. coli, P. aeruginosa, and H. pylori), with p-
values lower than 0.05. Specifically, the strongest
significance was observed for (P. aeruginosa and
H. pylori) Mean = SD: 375 + 344;396 + 357
mcg/ml)  respectively, indicating that these
inhibitors are particularly effective against these
pathogens.

In contrast, the T-test results indicated no
significant between the MIC values of the (6a, 6b,
6c, Sulfadiazine, Sulfamethoxazole, and
Fluconazole) and the isolates S. pneumonia, N.
gonorrhoeae, and C. albicans. Additionally, there
was no observed significance for Gram-negative
isolates with the tested inhibitors, suggesting that
these inhibitors may not be effective against Gram-
negative bacteria, which typically have different
resistance mechanisms compared to Gram-positive
bacteria.

Overall, the significant correlations between
MIC values and the isolates (S. aureus, B. subtilis,
E. coli, P. aeruginosa, and H. pylori) highlight the
potential effectiveness of the tested inhibitors
against these pathogens. The particularly strong
significance for (P. aeruginosa and H. pylori)
suggests that these inhibitors could be promising
candidates for developing treatments targeting
these microorganisms. On the other hand, the lack
of significance for S. pneumonia, N. gonorrhoeae,
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and C. albicans, as well as for Gram-negative
isolates, indicates alternative treatments.

Based on the results presented in Table 3,
the mean £ SD for S. aureus is 30.2 + 2.38. The T-
test indicates a significant between the zone of
Inhibition (6a, 6b, 6c, Sulfadiazine,
Sulfamethoxazole, Fluconazole, and DMSO) and S.
aureus, with a p-value less than 0.05. Similarly, for
S. pneumonia, the mean + SD is 32.4 + 1.51, and
the T-test shows significance with the same set of
inhibitors, with a p-value less than 0.00001. H.
pylori, with a mean + SD of 32.6 + 4.03, also
shows a significant with the zone of Inhibition (6a,
6b, 6c, Sulfadiazine, Sulfamethoxazole,
Fluconazole, and DMSQ), with a p-value less than
0.05. Lastly, C. albicans, with a mean + SD of
30.75 £ 1.25, demonstrates a significance with the
same set of inhibitors, indicated by a p-value less
than 0.05. These results suggest a significant and
strong inhibitory effect of the inhibitors on these
microorganisms,  highlighting their  potential
effectiveness in controlling infections caused by S.
pneumonia, H. pylori, and C. albicans.
Additionally, B. subtilis, E. coli, P. aeruginosa,
and N. gonorrhoeae also show a significant with
the same set of inhibitors, indicated by a p-value
less than 0.05.

In summary, the T-test results across
various bacteria and fungi indicate significant
between the zone of inhibition provided by the
inhibitors (6a, 6b, 6c, Sulfadiazine,
Sulfamethoxazole, Fluconazole, and DMSO) and
the inhibition of these microorganisms, with all p-
values falling below significant thresholds,
underscoring the effectiveness of these inhibitors.
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Figure 5. The boxplot of the Zone of inhibition (6a, 6b, 6¢, Sulfadiazine, Sulfamethoxazole, Fluconazole,

and DMSO) and the isolations.

Based on Figure 5, the highest range of the
zone of inhibition was observed in H. pylori, which
exhibited a range between 30 mm and 36 mm. In
contrast, the lowest range was noted in N.
gonorrhoeae, with the zone of inhibition measuring
between 5 mm and 16 mm. The results highlight a
significant variation in the efficacy of the inhibitors
against different microorganisms. H. pylori showed
the greatest susceptibility to the inhibitors, as
evidenced by its high zone of
inhibition. This suggests that the inhibitors are
particularly effective against this bacterium,
potentially due to its specific cellular structure or
metabolic pathways that are more susceptible to the
inhibitory compounds.

On the other hand, N. gonorrhoeae
displayed the smallest zone of Inhibition, indicating
a lower susceptibility to the inhibitors. This could
be due to several factors, such as the presence of
resistance mechanisms, differences in cell wall
permeability, or variations in metabolic activity
that reduce the inhibitors' effectiveness. The
differences in the zone of inhibition among the
tested microorganisms underscore the importance
of understanding the specific interactions between
antimicrobial agents and target organisms. These
findings suggest that while some inhibitors are
broadly effective, others may need to be tailored or
combined to address less susceptible strains

effectively.
Conclusion
The synthesis of a new series of

sulfonamide derivatives was accomplished with
successful results. Their chemical structure was
determined using ART-FT-IR spectroscopy and
'HNMR spectroscopy. All synthetic compounds
can target the carbonic anhydrase enzyme of H.
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pylori (4YGF) via the sulfur atom in the triazole
ring system, leading to a reduction in the
pathogenicity and virulence of these bacteria. The
MIC results show that compound 6a can inhibit a
variety of bacterial strains at low concentrations
when compared to another synthetic compound.
Compared to fluconazole, compound 6a is more
effective against the fungus C. albicans.

Acknowledgment

The authors greatly thank the College of
Pharmacy, Department of  Pharmaceutical
Chemistry, University of Baghdad, for their
support and help.

Conflicts of Interest

The authors affirm that no conflicts of
interest or outside funding have been received for
this work.

Funding

No particular funding was received for this
research.
Ethics Statements

Do not use any animals for in vitro studies.
The study was done on microorganisms.

Author Contribution

Ali, as the first author, contributed to the
synthesis of the final compounds, analyzed the IR
and HNMR data, assessed the antibacterial
activity, and drafted the manuscript. Zainab, the
second author, approved the final version after
reviewing the results.

References

1. Hassan T, Farhan MS. Synthesis of New
Pyrimidine Derivatives From 3-
Acetylcoumarin—Chalcone Hybrid and

Evaluation Their Antimicrobial Activity. Iraqi



Iragi J Pharm Sci Vol. 33(4 SI) 2024 Synthesis of new sulfonamide derivatives containing 1,2,4-triazole-3-thiol ring system

10.

11.

Journal  of  Pharmaceutical  Sciences.
2024;33(1):33-45.

Qin H-L, Liu J, Fang W-Y, Ravindar L,
Rakesh K. Indole-based derivatives as
potential  antibacterial  activity  against
methicillin-resistance Staphylococcus aureus
(MRSA). European journal of medicinal
chemistry. 2020;194:112245.

Sahib HA, Dakhel ZA, Hadi MK. Synthesis
and Preliminary  Antimicrobial ~ Activity
Evaluation of New Amide Derivatives of 2-
aminobenzothiazole. IJDDT. 2021;11(4):1259-
61.

Alani BG, Salim KS, Mahdi AS, Al-Temimi
AA. Sulfonamide derivatives: Synthesis and
applications. Int J Front Chem Pharm Res.
2024;4:1-15.

Guo Z, Jie X, Zhu P, Sun J, Gu J, Su F, et al.

Fragmentation pathways of deprotonated
amide-sulfonamide CXCR4 inhibitors
investigated by ESI-IT-MSn, ESI-Q-TOF-

MS/MS, and DFT calculations. Journal of
mass spectrometry. 2019;54(11):869-77.

Wan Y, Fang G, Chen H, Deng X, Tang Z.
Sulfonamide derivatives as potential anti-
cancer agents and their SARs elucidation.
European Journal of Medicinal Chemistry.
2021;226:113837.

El Omari N, Bakrim S, Khalid A, Albratty M,
Abdalla AN, Lee L-H, et al. Anticancer
clinical efficiency and stochastic mechanisms
of belinostat. Biomedicine &
Pharmacotherapy. 2023;165:115212.

Hou Z, Li C, Liu Y, Zhang M, Wang Y, Fan Z,

et al. Design, synthesis, and biological
evaluation of carbohydrate-based
sulphonamide derivatives as  topical
antiglaucoma  agents  through  selective

inhibition of carbonic anhydrase Il. Journal of
enzyme inhibition and medicinal chemistry.
2020;35(1):383-90.

Naim MJ, Alam O, Alam MJ, Hassan MQ,
Siddiqui N, Naidu V, et al. Design, synthesis,
and molecular docking of thiazolidinedione-
based benzene sulphonamide derivatives
containing pyrazole core as potential anti-
diabetic agents. Bioorganic  chemistry.
2018;76:98-112.

Durgun M, Turkmen H, Zengin G, Zengin H,
Koyunsever M, Koyuncu I. Synthesis,
characterization, in vitro cytotoxicity and
antimicrobial investigation and evaluation of
physicochemical properties of novel 4-(2-
methylacetamide) benzenesulfonamide
derivatives. Bioorganic chemistry.
2017;70:163-72.

Hadi MK, Abdulkadir MQ, Abdul-Wahab A-
HH. Synthesis and Antimicrobial Evaluation
of Sulfonylhydrazide Derivatives of Etodolac.

333

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Supuran CT, Capasso C. Antibacterial
carbonic anhydrase inhibitors: an update on the
recent literature.  Expert Opinion on
Therapeutic Patents. 2020;30(12):963-82.
Supuran CT. Novel carbonic anhydrase
inhibitors for the treatment of Helicobacter
pylori  infection. Expert Opinion on
Investigational Drugs. 2024;33(5):523-32.
Supuran CT, Capasso C. An overview of the
bacterial carbonic anhydrases. Metabolites.
2017;7(4):56.

Del Prete S, De Luca V, Nocentini A, Scaloni
A, Mastrolorenzo MD, Supuran CT, et al.
Anion inhibition studies of the beta-carbonic
anhydrase from Escherichia coli. Molecules.
2020;25(11):2564.

Modak JK, Tikhomirova A, Gorrell RJ,
Rahman MM, Kotsanas D, Korman TM, et al.
Anti-Helicobacter  pylori activity  of
ethoxzolamide. Journal of enzyme inhibition
and medicinal chemistry. 2019;34(1):1660-7.
Fantacuzzi M, D’Agostino I, Carradori S,
Liguori F, Carta F, Agamennone M, et al.
Benzenesulfonamide derivatives as Vibrio
cholerae carbonic anhydrases inhibitors: a
computational-aided insight in the structural
rigidity-activity  relationships. Journal of
Enzyme Inhibition and Medicinal Chemistry.
2023;38(1):2201402.

De Luca V, Carginale V, Supuran CT, Capasso
C. The gram-negative bacterium Escherichia
coli as a model for testing the effect of
carbonic anhydrase inhibition on bacterial
growth. Journal of Enzyme Inhibition and
Medicinal Chemistry. 2022;37(1):2092-8.
Lotlikar SR, Kayastha BB, Vullo D, Khanam
SS, Braga RE, Murray AB, et al. Pseudomonas
aeruginosa B-carbonic anhydrase, psCAl, is
required for calcium deposition and contributes
to virulence. Cell Calcium. 2019;84:102080.
Di Fiore A, De Luca V, Langella E, Nocentini
A, Buonanno M, Monti SM, et al
Biochemical, structural, and computational
studies of a y-carbonic anhydrase from the
pathogenic bacterium Burkholderia
pseudomallei. Computational and Structural
Biotechnology Journal. 2022;20:4185-94.
Paprocka R, Wiese-Szadkowska M, Kotodziej
P, Kutkowska J, Balcerowska S, Bogucka-
Kocka A. Evaluation of biological activity of
new 1, 2, 4-triazole derivatives containing
propionic acid moiety. Molecules.
2023;28(9):3808.

Paprocka R, Kotodziej P, Wiese-Szadkowska
M, Helmin-Basa A, Bogucka-Kocka A.
Evaluation of anthelmintic and anti-
inflammatory activity of 1, 2, 4-triazole
derivatives. Molecules. 2022;27(14):4488.
Simurova NV, Maiboroda OIl. Antiviral
activity of 1, 2, 4-triazole derivatives



Iragi J Pharm Sci Vol. 33(4 SI) 2024 Synthesis of new sulfonamide derivatives containing 1,2,4-triazole-3-thiol ring system

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(microreview). Chemistry of heterocyclic
compounds. 2021;57:420-2.

Abbas zk, Naser nh, Atiyarn. in silico study of
novel sulfonamide derivatives bearing a 1, 2,
4-triazole moiety act as carbonic anhydrase
inhibitors with promising anti-cancer activity.
polski merkuriusz lekarski. 2023:527.

Yildinim S, Ayvaz A, Mermer A, Kocabas F.
Development of novel 1, 2, 4-triazole
containing compounds with anticancer and
potent anti-CB1  activity. Journal  of
Biomolecular ~ Structure and  Dynamics.
2024;42(8):3862-73.

Karna§ M, Rastija V, Vrande¢i¢ K, Cosi¢ J,
Kanizai Sari¢ G, Agi¢ D, et al. Synthesis,
antifungal,  antibacterial  activity, and
computational evaluations of some novel
coumarin-1, 2, 4-triazole hybrid compounds.
Journal of Taibah University for Science.
2024;18(1):2331456.

Saffour S, AL-Sharabi AA, Evren AE,
Cankili¢ MY, Yurttas L. Antimicrobial activity
of novel substituted 1, 2, 4-triazole and 1, 3-
thiazole derivatives. Journal of Molecular
Structure. 2024;1295:136675.

Sabzi N, Al-Mudhafar M. Synthesis,
characterization, and antimicrobial evaluation
of new Schiff bases derived from vanillic acid
conjugated to heterocyclic 4H-1, 2, 4-triazole-
3-thiol. Pharmacia 70 (3): 657-663. 2023.
Aliaa A-H, Farhan MS.  Synthesis,
Identification and Preliminary
Pharmacological Evaluation of  New
Hydrazone and 1, 3, 4-oxadiazole Derivatives
of Ketorolac. Iragi Journal of Pharmaceutical
Sciences. 2024;33(1):113-22.

Naaz F, Srivastava R, Singh A, Singh N,

Verma R, Singh VK, et al. Molecular
modeling,  synthesis, antibacterial and
cytotoxicity  evaluation of  sulfonamide
derivatives of benzimidazole, indazole,

benzothiazole, and thiazole. Bioorganic &
medicinal chemistry. 2018;26(12):3414-28.
Sahin I, Cesme M, Giingdér O, Ozgeris FB,
Kése M, Timer F. New sulfonamide
derivatives based on 1, 2, 3-triazoles:
synthesis, in vitro biological activities and in
silico studies. Journal of Biomolecular
Structure and Dynamics. 2024;42(9):4782-99.
Yang Y, Yao K, Repasky MP, Leswing K,
Abel R, Shoichet BK, et al. Efficient
exploration of chemical space with docking
and deep learning. Journal of Chemical Theory
and Computation. 2021;17(11):7106-19.

Lu C, Wu C, Ghoreishi D, Chen W, Wang L,
Damm W, et al. OPLS4: Improving force field
accuracy on challenging regimes of chemical
space. Journal of chemical theory and
computation. 2021;17(7):4291-300.

334

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

Wadi JS, Dunya A-D, Jabir M, Najim MA,
Jawad SF, Hamzah SS, et al. Exploring the
interaction between the 3-D structure of TLR 9
and prostaglandin analogs. Arabian Journal of
Chemistry. 2023;16(5):104692.

Salem BS, Mahdi MF, Mohammed MH.
Synthesis and Preliminary Pharmacological
Study of Sulfonamide Conjugates with
Ibuprofen and Indomethacin as New Anti-
Inflammatory Agents. Iragi J Pharm Sci.
2009;18(4).

Ram RN, Meher NK. A simple method for the
preparation of monomethyl esters of
dicarboxylic acids by selective esterification of
the nonconjugated carboxyl group in the
presence of an aromatic or conjugated
carboxyl group. Journal of Chemical Research.
2000;2000(6):282-3.

Upmanyu N, Kumar S, Kharya M-D, Shah K,
Mishra P. Synthesis and anti-microbial
evaluation of some novel 1, 2, 4-triazole
derivatives. Acta Pol Pharm. 2011;68(2):213-
21.

Gupta JK, Mishra P. Pharmacological
screening of some newly synthesized triazoles
for H 1 receptor antagonist activity. Medicinal
Chemistry Research. 2017;26:2260-71.

Dakhel ZA, Mohammed MH. Synthesis of
New Sulfonamide Derivativesphenylalanine
and Proline Ester Conjugate using Maleamide
Spacer as Anticancer Agents. Int J Pharm Sci
Rev Res. 2017;43(2):169-77.

Giovannini D, Gismondi A, Basso A, Canuti
L, Braglia R, Canini A, et al. Lavandula
angustifolia  Mill.  essential  oil  exerts
antibacterial and anti-inflammatory effects in
macrophage-mediated immune response to
Staphylococcus aureus. Immunological
investigations. 2016;45(1):11-28.

Franconi I, Lupetti A. In Vitro Susceptibility
Tests in the Context of Antifungal Resistance:
Beyond Minimum Inhibitory Concentration in

Candida spp. Journal of Fungi.
2023;9(12):1188.
Sahib HA, Hadi MK, Abdulkadir MQ.

Synthesis, and Antimicrobial Evaluation of
New Hydrazone Derivatives of (2, 4-
dinitrophenyl) hydrazine. Research Journal of
Pharmacy and Technology. 2022;15(4):1743-
8.

Galabov B, Atanasov Y, llieva S, Schaefer HF.
Mechanism of the aminolysis of methyl
benzoate: a computational study. The Journal
of Physical Chemistry A. 2005;109(50):11470-
4.

Khalili Ghomi M, Noori M, Nazari Montazer
M,  Zomorodian K, Dastyafteh N,
Yazdanpanah S, et al. [1, 2, 4] triazolo [3, 4-
b][1, 3, 4] thiadiazole derivatives as new
therapeutic candidates against urease positive



Iragi J Pharm Sci Vol. 33(4 SI) 2024 Synthesis of new sulfonamide derivatives containing 1,2,4-triazole-3-thiol ring system

microorganisms: design, synthesis, 46. Capurso M, Gette R, Radivoy G, Dorn V. The
pharmacological evaluations, and in silico Sn2 Reaction: A Theoretical-Computational
studies. Scientific Reports. 2023;13(1):10136. Analysis of a Simple and Very Interesting

45. Mahdi MF, Naser NH, Hammud NH. Mechanism. Multidisciplinary Digital
Synthesis and preliminary pharmacological Publishing Institute Proceedings.
evaluation of new naproxen analogs having 1, 2019;41(1):81.

2, 4-triazole-3-thiol. Int J Pharm Pharm Sci.
2017;9(7):66-71.
o Baada il yal il g Saall Baliaal) Alladll 3 of ankli 9 pandid ¢ 3alAS (Aaladl) A )
deQﬂ-icYc\—égwM‘
(A1 gl e il 5 el gl s e
LGlall calazy (ddlia )l dlar dsa s iy ¢ daaall 3 ) !
é\)ﬂ‘ sJ\A&._\ sJ\A&.} :iM\A ‘MM\ 4:\35 54:\.\}7.\:\.4“ ;\:\A:\SM t)S \
DAl
Uil aig (Ba-C) JefT-deibi £eY) s aUai o (g giad (Ba-C) wleisilull ciliidia (e uaa dAluls aiial &
Al Wil Gl 4 (H. pylori) LSy abliall Sl Gl Sleas ol eall il 42V Cillas aladinly 5 juaaall CilS al)
Jah lle dpmals Ay dga s Ghaall e LeiSay 5 32clally (sl G 0 alaty 51 aedV) @l s jSI 53 Bazall Gl jus g aeall
Ly e 5 ol8 Aaiiaall LS ) LS e g il 138 dsa sl Caagiusall 331 aaat] G galal) Gl Crandiu) Al )all saall
Jaly (b s e L8 58 5 Barall dpdasla Jaad o b5 o2 5,08 e ji @l g @bl jeaic ae LS Y1 @k oo a3V
Arpall s sa L (e B33me YD aia all auall 2 A il Seall sabiadll Lillad 4 o5 cdaiadll GLS el | aag]) Sleal)
S. aureus, S.) Arall s go Ly S am Alle Allad Gl L) a5 38 5 ey Adagiuall G jall aiiad 23 il jladl) § dauall Al
P. aeruginosa, E. coli, N. gonorrhea and ) dasall als b 5S4 as s gia I Ale 44leé (pneumonia, and B. subtilis
.(C. albicans) b yhé vm dlle Zlaé 4 (H. pylori
L e ol Ay T ¢ ) ag ) g S a3 W gl Yo Agila il s calad gl sAgalifal) cilalgl)

335



