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Abstract: This study reports the synthesis, characterization, and antibacterial evaluation of a series of novel
tetrazole derivatives based on 2-amino-6-methylsulfonylbenzothiazole as the core scaffold. The target
compounds were prepared through a multi-step synthetic approach, and their structures were confirmed using
Fourier Transform Infrared (FT-IR) spectroscopy, proton (*H-NMR) and carbon (**C-NMR) Nuclear
Magnetic Resonance analyses. All spectral data support the formation of the tetrazole ring and the presence
of the expected functional groups. The antibacterial activity of the synthesized derivatives was assessed against
Escherichia coli and Staphylococcus aureus using Ciprofloxacin as a reference standard. Compound AD 14
exhibited the highest inhibition against Escherichia coli (3.6 cm at 0.1 mg/mL) and notable activity against
Staphylococcus aureus (1.9 cm at 0.001 mg/mL), while ADg showed the greatest inhibition against
Staphylococcus aureus at 0.1 mg/mL (1.7 cm). The remaining derivatives displayed variable antibacterial
activity depending on the substituent type. A preliminary structure—activity relationship (SAR) analysis
suggested that electron-withdrawing substituents enhanced antibacterial activity, halogen substituents
provided moderate activity, and electron-donating groups generally showed lower potency. It should be noted
that the antibacterial assessment was limited to two bacterial strains and relied solely on the agar diffusion
method; MIC and MBC values were not determined. Therefore, comparisons with Ciprofloxacin or
generalization to other bacterial species should be interpreted cautiously. These findings indicate that the
tetrazole derivatives possess promising antibacterial potential and provide a foundation for further structural
optimization and quantitative evaluation to develop novel antimicrobial agents.
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1. Introduction

Due to the significant role played by heterocyclic compounds in pharmaceutical sciences,
considerable research interest has been directed toward this field in recent years [1, 2]. Nitrogen-
based heterocyclic structures are highly valuable frameworks with extensive applications in industrial
chemistry, organic synthesis, and medicinal chemistry [3]. In addition, modern scientific trends
encourage chemists to develop chemical methodologies that emphasize sustainability and
environmental compatibility. Among these compounds, tetrazoles constitute an important class of
five-membered heterocyclic systems composed of four nitrogen atoms and a single carbon atom
within the ring structure. These compounds exist in three distinct isomeric forms:
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Despite the continuous advancement in heterocyclic chemistry, applied research has largely
concentrated on exploring the diverse applications of tetrazole-based heterocyclic systems. The first
successful synthesis of tetrazoles was reported by Bladin in 1855, marking the beginning of extensive
scientific interest that has steadily expanded, as reflected by the increasing number of publications
addressing their preparation and practical applications [4]. Tetrazoles exhibit relatively high heats of
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formation, which can be attributed to the predominance of nitrogen—nitrogen bonds compared with
carbon—nitrogen bonds within their structures. Furthermore, the reduced presence of C—H bonds
contributes to their remarkable stability and resistance to mechanical shock, impact, and electrostatic
discharge [5]. The tetrazole ring system plays a crucial role in the design and development of
biologically active molecules targeting diseases associated with microbial and viral infections [6]. In
medicinal chemistry, tetrazoles are frequently employed as bioisosteric replacements for carboxylic
acid groups and as molecular spacers to improve pharmacological properties [7]. Additionally,
tetrazole derivatives have attracted attention in the field of energetic materials due to their favorable
structural characteristics. From a synthetic perspective, tetrazoles serve as versatile scaffolds that
facilitate the construction of diverse heterocyclic frameworks. Compounds incorporating five-
membered tetrazole rings have also become important components in drug-delivery systems and have
shown promise in the development of potential anticancer agents. Numerous coordination complexes
and naturally derived compounds containing tetrazole moieties have demonstrated significant
potential across various applications [8]. Previous investigations have further confirmed the strong
antibacterial activity associated with tetrazole-containing compounds [9, 10]. Accordingly, the
current study focuses on the preparation and characterization of tetrazole derivatives using
spectroscopic methods, followed by an evaluation of their antibacterial activity against
Staphylococcus aureus and Escherichia coli.

2. Experimental part

2.1. Materials. All chemical reagents and compounds were obtained from Aldrich, Fluka, and
BDH and were used as received without further purification.

2.2. Synthesis of tetrazol derivatives [AD9-AD14]. A mixture of hydrazone derivatives
(ADs—ADg) (0.001 mol) was dissolved in 30 mL of tetrahydrofuran (THF). Triethylamine (0.001 mol,
0.202 g) was added gradually under continuous stirring to ensure homogeneity, followed by the slow
addition of sodium azide (0.001 mol). The reaction mixture was refluxed in a water bath for 8 hours,
and then left at room temperature for 18 hours to ensure complete conversion to the target tetrazole
derivatives. Afterward, the solution was poured onto crushed ice, and the resulting precipitate was
collected by filtration. The obtained solid was purified by recrystallization from ethanol to ensure
adequate purity. The physical properties of the synthesized compounds are presented in Table 1.

Table 1. Some physical properties of the synthesized compounds [ADg-AD14]

Cé?l\rlr(IJF) R M.p. (°C) \E:)/eol)d Colour Formula
ADg 4-NO> 240-243 70 Yellow C23H16N40O7S2
AD10 4-Cl 237-240 75 White C23H16CIN3OsS2
AD11 4-OCH3s 220-223 50 White C24H19N306S,
AD12 4-OH 241-244 78 White C23H17N306S2
AD13 CH34- 226-229 66 White C25H22N405S;
AD14 4-Br 198-201 77 White C23H16BrN3OsS2

2.3. Evaluation of bacterial bioactivity. The antimicrobial potency of the investigated
compounds was evaluated using serial twofold dilutions prepared in normal saline solution. Potency
was primarily assessed qualitatively using the agar well diffusion method, and the inhibition zones
were measured in centimeters. It should be noted that MIC and MBC values were not determined,
and only two bacterial strains were tested, limiting the generalization of the results. The assessment
was carried out using the agar well diffusion (Wells) method [11-14]. Test bacterial strains were
initially cultured in nutrient broth and incubated at 37 °C for approximately two hours to obtain active
growth. Subsequently, 0.1 mL of the bacterial suspension was evenly distributed onto the surface of
agar plates using a sterile spreader to ensure uniform inoculation [15-17]. The inoculated plates were
allowed to stand at 37 °C for about 10 minutes to facilitate bacterial absorption into the medium. Each



synthesized compound was then prepared in a series of three concentrations (0.1, 0.01, and 0.001
mg/mL) through serial dilution. Wells were carefully formed in the agar plates, and 0.2 mL of each
prepared dilution was introduced into the corresponding wells. The plates were subsequently
incubated at 37 °C for 24 hours, after which the inhibition zones were measured to evaluate
antibacterial activity and compared with the standard antibiotic, Ciprofloxacin.

3. Results and discussion

The series of compounds was synthesized following the reaction scheme illustrated in Scheme
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Scheme 1. Path of the Ready Compounds

3.1. Characterization of Tetrazole derivatives (AD9-AD14). The infrared (FT-IR) spectra of
the synthesized compounds (ADs-AD14) confirmed the formation of tetrazole rings, as evidenced by
the disappearance of the C=N stretching bands, which were previously observed in the range of 1624—
1617 cm™'. New absorption bands appeared at 3263—3247 cm™ and 3196-3182 cm™', corresponding
to the NH stretching vibrations inside and outside the ring, respectively. Additionally, the spectrum
showed an absorption band at 3068-3005 cm™, attributed to aromatic C—H stretching. Aliphatic C—
H stretching vibrations were observed at 2881-2852 cm™ (symmetric) and 2976-2920 cm™!
(asymmetric). A C=N stretching band was detected at 1604-1601 cm™. Aromatic C=C stretching
vibrations appeared at 1581-1548 cm™ and 1487-1467 cm™!, while an N=N stretching band was
observed at 1434-1421 cm™'. Furthermore, the spectra displayed a C—N stretching band at 1224-1195
cm! and a C-S stretching band at 796-733 cm™! [18-20]. These spectral features, consistent with
previously reported tetrazole derivatives, provide strong evidence for the successful synthesis of the
target compounds. The detailed data are summarized in Table 2 and illustrated in Fig.s 1 and 2.

Table 2. FT-IR absorption results for Tetrazole derivatives (ADg-AD14)

IR (KBr) cm-1
Comp. vC-H
R vC-H v vC=C Y vC-
No. v NH Arom.| & =N Arom. | N=N vC-N S Others
sym.
vNO>
ADs | NO, | 3247 | 3058 | 2995 1603|1576 1483|1431 | 1221 |783| asy. 1514
3182 2874
Sym.1376
3263 2976
ADwo | CI 3186 3061 2860 1601 |1548 1471|1425 | 1213 |736| vC-Cl 675
3255 2957
AD11 | OCHs 2196 3060 2881 1601 |1578 1479|1428 | 1219 | 743
3253 2948
AD12 | OH 3189 3068 2873 1603 |1581 1487|1434 (1224 |733| v OH 3615
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Fig. 1. FT-IR spectrum for AD1o Fig. 2. FT-IR spectrum for AD13

The 'H-NMR spectrum of compound (ADio), recorded using DMSO-ds as the solvent,
exhibited a singlet at & 9.03 ppm, attributed to the proton of the NH group. Multiplet signals were
observed in the range of 6 7.54-8.07 ppm, corresponding to the aromatic ring protons. A singlet at &
4.87 ppm was assigned to the CH proton within the tetrazole ring, while another singlet at 6 3.22 ppm
corresponded to the methyl (CHs) protons. Additionally, a singlet at 6 2.07 ppm was attributed to the
NH proton in the tetrazole ring. These chemical shifts are consistent with the formation of the
tetrazole ring and confirm the presence of the expected functional groups. The residual solvent signal
of DMSO-ds appeared at & 2.50 ppm. These observations are illustrated in Fig. 3.
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Fig. 3. 'H-NMR spectrum for AD1o Fig. 4. tH-NMR spectrum AD1;

The *H-NMR spectrum of compound (AD11), recorded in DMSO-ds, showed a singlet at § 8.86
ppm, attributed to the NH proton. Multiplet signals were observed in the range 6 7.18—7.97 ppm,
corresponding to the aromatic ring protons. A singlet at 6 5.22 ppm was assigned to the CH proton
within the tetrazole ring. The spectrum also displayed a singlet at 6 3.92 ppm corresponding to the
OCHs protons, and another singlet at 6 3.26 ppm attributed to the CHs protons. A singlet at 6 2.04
ppm was assigned to the NH proton in the tetrazole ring. These spectral features support the formation



of the tetrazole ring and confirm the integrity of the substituted functional groups. The residual
solvent signal of DMSO-ds appeared at 6 2.55 ppm. These assignments are illustrated in Fig. 4.

The 3C-NMR spectrum of compound (ADao), recorded in DMSO-ds, exhibited a signal at &
170.88 ppm, attributed to the azomethine carbon (C=N) within the thiazole ring. Signals in the range
0 122.36-148.15 ppm corresponded to the carbons of the aromatic rings. A signal at 8 103.40 ppm
was assigned to the CH carbon in the tetrazole ring, while the signal at 8 47.71 ppm was attributed to
the methyl (CHs) carbon. Signals appearing at & 39.34—40.59 ppm were assigned to the solvent carbon
(DMSO-ds). These chemical shifts are consistent with the proposed structure and confirm the
incorporation of the tetrazole moiety into the molecule. These assignments are illustrated in Fig. 5.
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Fig. 5. *C-NMR spectrum of AD1o Fig. 6. *C-NMR spectrum of AD1;

The C-NMR spectrum of compound (AD11), recorded in DMSO-ds, showed a signal at &
170.26 ppm, assigned to the azomethine carbon (C=N) within the thiazole ring. Signals in the range
& 118.09-159.88 ppm corresponded to the carbons of the aromatic rings. A signal at & 100.73 ppm
was attributed to the CH carbon in the tetrazole ring. The spectrum also displayed signals at & 67.48
ppm and & 44.66 ppm, assigned to the CHs carbons. Signals at 6 39.30—40.56 ppm were attributed to
the solvent carbon (DMSO-ds). These spectral data confirm the successful incorporation of the
tetrazole ring and support the proposed molecular structure. These assignments are illustrated in Fig.
6.

Fig. 7. Inhibitory activity of the ADg and AD14 compounds against Staphylococcus aureus

3.2. Evaluation of the antibactericidal activity. The antibacterial activity of the synthesized
compounds was assessed using Ciprofloxacin as a reference standard against two bacterial species,
Escherichia coli and Staphylococcus aureus. The agar well diffusion method was employed, and the



inhibition zones were measured in centimeters. It should be noted that MIC and MBC values were
not determined, and only two bacterial strains were tested; therefore, comparisons regarding the
superiority over Ciprofloxacin should be interpreted with caution. Compound AD14 exhibited the
highest inhibitory effect against E. coli, with a growth inhibition zone measuring 3.6 cm at a
concentration of 0.1 mg/mL. Similarly, at a lower concentration of 0.001 mg/mL, AD14 demonstrated
notable inhibitory activity against S. aureus, producing an inhibition diameter of 1.9 cm [21-23].
Additionally, compound AD9 showed maximum inhibition of S. aureus at 0.1 mg/mL, with a zone
diameter of 1.7 cm. While these results indicate promising antibacterial potential, they reflect activity
under the specific experimental conditions and should not be generalized to other bacterial species
[24-28].

A preliminary structure—activity relationship (SAR) analysis suggests that electron-
withdrawing substituents (e.g., NO2 in ADg) enhanced activity against S. aureus, whereas halogen
substituents (Cl in ADio; Br in AD14) exhibited moderate activity, potentially due to increased
lipophilicity facilitating cell membrane penetration. Electron-donating groups (OCHs in AD11; OH in
AD12; CHs in AD13) generally showed lower activity at the tested concentrations. The antibacterial
effectiveness of the remaining compounds varied, as summarized in Table 3 and Fig.s 7 and 8. These
findings provide a preliminary basis for further optimization and quantitative evaluation of these
tetrazole derivatives as potential antibacterial agents.

Table 3. Antibacterial activity of the synthesized compounds (inhibition zone in cm)

Comp E.coli mg/ml | Staph. aureus mg/ml
No. 0.1/0.01/0.001]| 0.1 | 0.01 | 0.001
ADg 10} 21 | 05 1.7 | 15 15

AD1o 10/ 15| 20 |05 ] 05 1.0
AD1 0.8] 1.0 15 1.5 1.0 15
AD13 0610 10 |10 | 13 1.7
ADyy 36|18 | 10 | 10| 04 1.9
Ciprofloxacin | 40| 35| 33 | 35| 35 2.2

Fig. 8. Inhibitory activity of the ADg and AD14 compounds against Escherichia coli

4. Conclusions

The present study successfully synthesized a series of tetrazole derivatives based on 2-amino-
6-methylsulfonylbenzothiazole, and their structures were confirmed by FT-IR, *H-NMR, and *C-
NMR analyses. All spectral data support the successful formation of the tetrazole ring and the
presence of the expected functional groups. The synthesized compounds demonstrated significant
antibacterial activity against Escherichia coli and Staphylococcus aureus. Compound AD14 showed
the highest inhibition against E. coli (3.6 cm at 0.1 mg/mL) and notable activity against S. aureus (1.9
cm at 0.001 mg/mL). Compound AD?9 exhibited the greatest inhibition against S. aureus at 0.1 mg/mL
(1.7 cm). Ciprofloxacin, used as the reference, produced inhibition zones of 4.0, 3.5, and 3.3 cm



against E. coliat 0.1, 0.01, and 0.001 mg/mL, respectively, and 3.5, 3.5, and 2.2 cm against S. aureus.
A preliminary structure—activity relationship (SAR) analysis indicated that electron-withdrawing
substituents (e.g., NO2 in AD9) enhanced activity against S. aureus, halogen substituents (Cl in AD10,
Br in AD14) showed moderate activity, and electron-donating groups (OCHs in AD11, OH in AD12,
CHs in AD13) generally exhibited lower antibacterial potency at the tested concentrations. It should
be emphasized that these results are based on the agar diffusion method with only two bacterial
strains, and MIC/MBC values were not determined. Therefore, comparisons with Ciprofloxacin or
generalization to other bacterial species should be interpreted cautiously. Overall, these findings
demonstrate the potential of tetrazole derivatives as antibacterial agents and provide a foundation for
further structural optimization, expanded biological evaluation, and quantitative activity
determination to develop novel antimicrobial compounds.
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