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Abstract: A novel class of hybrid compounds, such as thiadiazolyl-pyrazoles (14a-e) and 

benzothiazolyl-pyrazoles (15a-d), has been successfully synthesized via a simple condensation 

reaction. Newly synthesized compounds have been characterized by mass, 1H, and 13C NMR spectral 

analysis. The target compounds have been studied for their DFT docking, antibacterial, antioxidant, and 

cytotoxicity properties. Among the target compounds, heterocycle 14e showed significant binding with 

penicillin G acyl-Penicillin (1MWT) and Escherichia coli DNA gyrase B (6KZX) protein target, with 

binding scores -6.5 and -8.2 kcal/mol, respectively. In addition, the compounds 14c and 14e showed 

superior activity against both the microbes at different concentrations, whereas compounds 14a and 14e 

showed excellent antioxidant activity at 100 µg/mL concentration. Among the selected compounds, 

heterocycle 14e exhibited significant anticancer activity against both triple-negative breast cancer 

(MDA-MB-231) and oestrogen receptor-positive breast cancer (MCF-7) cell lines, with 68.49 and 

57.38% of inhibition, respectively.  

Keywords: pyrazole; thiadiazole; benzothiazole; docking studies; antimicrobial; anticancer.  
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1. Introduction 

Heterocycles have been reported in both commercial medications and drug discovery 

targets. Nitrogen-containing rings are particularly significant in the development of new drugs 

due to their diverse therapeutic and pharmacological activities [1]. Pyrazoles and their 

derivatives have significant interest due to their diverse biological actions, and the pyrazole 

ring is a crucial structural component in a number of marketed medications [2]. Certain 

pyrazole derivatives showed cytotoxicity in numerous human cell lines [3,4]. These are 

licensed for the treatment of various cancers, such as crizotinib (pyrazole-pyridine analog), 
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ruxolitinib (pyrazole-pyrrolo[2,3-d]pyrimidine analog), and erdafitinib (pyrazole-quinoxaline 

analog), which have already been approved for cancer therapy [5]. In the previous three decades 

(between 1990 and 2021), 50% deaths decreased among children and 80% increased among 

adults and older adults due to AMR, and 1.27 million deaths were caused all over the world in 

2019. In the coming year 2050, researchers estimated the deaths of ten million people by AMR 

[6]. Norfloxacin, Amoxicillin, Ciprofloxacin, and Chloramphenicol are the most common 

drugs used for bacterial infections, but are linked with serious side effects [7]. Pyrazole 

derivatives have been found to possess considerable biological activities, such as antimicrobial, 

anti‐inflammatory [8], anticancer [9], antiamoebic [10], antinociceptive [11], antidepressant 

[12], anti‐fungal [13], antihypertensive [14], anti‐HIV [15], and anticonvulsant activities [16]. 

Thus, heterocyclic derivatives containing the pyrazole moiety seem to be a possible 

pharmacophore in various pharmacologically active agents. We have found a few drugs, such 

as Remifenazone (Figure 1A), Butazolidine (Figure 1B), Mepirizole (Figure 1C), Antipyrazine 

(Figure 1D), and Celecoxib (Figure 1E), containing the same pyrazole moiety in core structure, 

and hence we planned to incorporate the pyrazole heterocycle with 1,3,4-thiadiazole and 

benzothiazole moieties.  

 
Figure 1. Biologically active compounds containing a pyrazole nucleus.  

Thiadiazole derivatives are significant five-membered heterocyclic compounds in 

medicinal chemistry, valued for their stability and diverse pharmacological uses [17]. 

Modifications to the thiadiazole ring with various functional groups can enhance their 

biological potential, leading to potent and less toxic drug candidates [18]. Research highlights 

their robust anticancer and antitumor effects, often involving mechanisms such as inducing 

apoptosis and inhibiting cancer cell enzymes [19]. Studies also document their efficacy as 

antimicrobial, anti-inflammatory, and antiviral agents against targets including multidrug-

resistant bacteria and HIV. Further therapeutic explorations include applications as 

antidiabetic, anticonvulsant, and antileishmanial agents, underscoring the thiadiazole 

scaffold’s versatility in drug development [20]. Benzothiazole is a privileged bicyclic 

heterocyclic scaffold, formed by the fusion of a benzene ring and a five-membered thiazole 

ring containing nitrogen and sulfur atoms [21]. This unique structure is widely prevalent in 

natural products and synthetic therapeutic agents, making it a critical framework in modern 

medicinal chemistry. Derivatives of benzothiazole exhibit remarkable structural diversity, 

which allows them to interact with a broad array of biological targets and display a wide range 

of pharmacological activities [22]. Notable applications include significant anticancer 

properties, as they can target various cellular processes and receptors, such as kinases and 

tubulin polymerization [23]. They also serve as potent antimicrobial agents against bacteria, 

fungi, and viruses [24], including drug-resistant strains. Furthermore, benzothiazole derivatives 

are developed as effective anti-inflammatory, antidiabetic [25], and neuroprotective agents. 

Clinically approved drugs such as the ALS treatment riluzole [26], the Parkinson's disease 
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medication pramipexole [27], and the Alzheimer's disease imaging agent flutemetamol [28] all 

incorporate the benzothiazole core, demonstrating its substantial therapeutic potential. 

Another class of biologically significant compounds with pharmaceutical applications 

is Schiff bases. These compounds, also known as imines or azomethines, are formed by 

condensation of primary amines with aldehydes or ketones, a reaction first described by Hugo 

Schiff in 1864 [29, 30]. Bifunctional Schiff bases have been the subject of considerable 

investigation due to their structural diversity and ease of synthesis, making them valuable as 

intermediates in organic synthesis, as luminescent chemosensors, for corrosion inhibition, and 

for polymer stabilization [31]. Furthermore, Schiff bases exhibit a broad spectrum of 

pharmacological activities, including anticancer, antioxidant, antifungal, antibacterial, anti-

inflammatory, antiviral [32], antimalarial, anti-HIV, and antipyretic properties [33], and the 

presence of the azomethine bond is believed to be essential for biological activity [34].  

In addition, hybrid compounds containing pyrazole, thiadiazole, and benzothiozole 

have been reported as a potent scaffold for Pyrazole–Thiadiazole-based inhibitors that showed 

inhibitor activity against the human cell line [35], antifungal activity [36], herbicidal activity 

[36], and antitumor activity [37]. The pyrazole–benzothiazole–based compound showed 

antiproliferative [38], antimicrobial, antioxidant, anti-TB activities [39], and antibacterial and 

antifungal activities [40]. 

The above observations motivated us to synthesize bifunctional heterocycles linked via 

an imine bond, with the aim of targeting pharmacological activities. 

2. Materials and Methods 

2.1. Chemistry. 

The Bruker AV400 spectrometer was used to obtain the 1H NMR (CDCl3) at 400 MHz 

and 13C NMR (CDCl3) spectra at 100 MHz, respectively. δ ppm is used to express chemical 

shift values. Joel’s JMS-D-300 mass spectrometer was used to obtain the mass spectra of 

synthesized compounds. Thin-layer chromatography (TLC) was used to monitor each 

reaction's progress, and column chromatography was used to purify 14(a-e) and 15(a-d) 

compounds. All analytical grade reagents (AR) were used throughout the synthesis. 

2.1.1. Synthesis of pyrazole carboxaldehydes (4 and 7). 

The method used for the synthesis of pyrazole derivatives is depicted in Scheme 1. 

Pyrazole derivative (3) was synthesized by treating acetyl acetone (2, 0.204 g, 1 mmol) with 

phenyl hydrazine (1, 0.218 g, 1 mmol) under reflux conditions at 70°C using the reported 

method [41]. NMR spectral analyses are provided in the supporting information (Figures S1 

and S2). 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4) was synthesized by treating 

compound (3) with phosphorus oxychloride (POCl3) in DMF (4 mL) using a previously 

reported method [42]. Subsequently, ethylacetoacetate (5, 5 g, 4.9 mL, 0.384 mol) was treated 

with phenyl hydrazine (1, 4 g, 3.65 mL, 0.37 mol) in the presence of a few drops of acetic acid 

to yield pyrazolone (6) [43]. In the later step, 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-

carbaldehyde (7) was synthesized by treating previously obtained compound 6 (4 g, 0.025 mol) 

with POCl3 (16.0 mL, 0.17 mol) and DMF (6.0 mL, 0.8 mol) at 0°C [44].  
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Scheme 1. Synthesis of 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4) and 5-chloro-3-methyl-1-

phenyl-1H-pyrazole-4-carbaldehyde (7). 

2.1.2. Synthesis of 5-phenyl-1,3,4-thiadiazol-2-amine (10a) and 2-amino-4-

methylbenzothiazole (12a). 

Benzoic acid (8a, 1.34 g, 10.9 mmol) and thiosemicarbazide (9, 1 g, 10.9 mmol) were 

dissolved in phosphorus oxychloride (10.25 mL, 109.7 mol) and gently refluxed for 40 minutes. 

The reaction mixture was cooled, followed by careful addition of ice-cold water drop by drop, 

and the resulting precipitate was collected after basification with saturated KOH. The solid was 

purified by recrystallization from DMF-EtOH (9:1) to yield compound 10a, as previously 

reported in the literature [45]. Following the same procedure, the compounds 10(b-e) were 

synthesized (Scheme 2), and the LC-MS spectral analysis of compound 10(a-c) was supported 

by supporting information (Figure S3-S7).  

A mixture of 4-methylaniline (11a, 1 g, 9.3 mmol) and potassium thiocyanate (13, 0.99 

g, 10.0 mmol) in acetic acid (37 mL) was stirred for 30 minutes, followed by the addition of a 

solution of bromine (0.48 mL, 10.0 mmol) in acetic acid, which was added dropwise over 30-

35°C. The resulting slurry was swirled at room temperature, and the precipitate of 2-amino-4-

methylbenzothiazole (12a) was filtered, washed with ammonia solution and finally with water. 

After that, the crude solid was recrystallized from aqueous ethanol. Followed, the same 

procedure [46] is used to synthesize 12(b-d) (Scheme 2). 

 
Scheme 2. General scheme for the synthesis of substituted thiadiazole and benzothiazole amine derivatives. 
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2.1.3. Synthesis of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-phenyl-

1,3,4-thiadiazol-2-amine (14a). 

A mixture of 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4, 0.140 g, 0.69 

mmol) and 5-phenyl-1,3,4-thiadiazol-2-amine (10a, 0.123 g, 0.69 mmol) was added to a clean 

25 mL round-bottom flask containing 15 mL of dry ethanol and glacial acetic acid (0.420g, 6.9 

mmol). The reaction mixture was refluxed for 14 hours at 80°C, and the progress was 

monitored using thin-layer chromatography (TLC) (hexane/ethyl acetate, 7:3). After 

completion, the reaction mixture was cooled to room temperature, and the precipitated product 

was filtered to obtain the target compound 14a. The compound was further purified by 

recrystallization from ethanol and by column chromatography. 1H NMR, 13C NMR, FTIR and 

MS spectral analysis of compound 10(a-c) proved by supporting information’s (Figure S8-

S29).Yield: 91% (0.228 g, yellow colour); IR (ν, cm-¹): 1619 (-CH=N-), 1596 (C=C), 1560 

(C=N), 691 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 9.97 (s, CH=N, 1H), 7.55–7.45 (m, Ar-H, 

9H), 2.53 (s, 2CH₃, 6H); 13C NMR (CDCl₃, 100 MHz, δ ppm): 183.89, 161.30, 152.71, 151.80, 

138.31, 137.66, 136.99, 129.30, 129.30, 129.22, 129.20, 128.91, 126.57, 125.21, 124.49, 

121.12, 117.44, 109.53, 13.84, 12.92; MS (m/z): 359.45; Anal. Calcd. for C20H17N5S: C, 66.85; 

H, 4.73; N, 19.49; Found: C, 66.66; H, 4.72; N, 19.44%. This method was used to synthesize 

all the target compounds 14(b-e) and 15(a-d) (Scheme 2). 

2.1.4. (5-(4-bromophenyl)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-1,3,4-

thiadiazol-2-amine (14b). 

Obtained from the reaction of 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4, 

0.140 g, 0.69 mmol), 5-(4-bromophenyl)-1,3,4-thiadiazol-2-amine (10b, 0.179 g, 0.69 mmol). 

Yield: 83% (0.249 g, brown colour); IR (ν, cm-¹): 1615 (-CH=N-), 1598 (C=C), 1564 (C=N), 

1060 (C-Br), 696 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 9.03 (s, CH=N, 1H), 7.86–7.48 (m, 

Ar-H, 9H), 2.65-2.59 (s, 2CH₃, 6H). 13C NMR (CDCl₃, 100 MHz, δ ppm): 175.42, 165.24, 

159.67, 152.11, 144.37, 138.42, 132.34, 132.33, 132.20, 129.78, 129.37, 129.36, 128.83, 

128.74, 125.34, 125.20, 115.98, 29.70, 13.14, 12.21; MS (m/z): 439.45; Anal. Calcd. for 

C20H16N5S: C, 54.79; H, 3.65; N, 15.98; Found: C, 54.61; H, 3.64; N, 15.92%. 

2.1.5. N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-fluorophenyl)-1,3,4-

thiadiazol-2-amine (14c). 

Obtained from the 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4, 0.140 g, 

0.69 mmol), 5-(4-fluorophenyl)-1,3,4-thiadiazol-2-amine (10c, 0.136 g, 0.69 mmol). Yield: 

94% (0.247 g, White colour); IR (ν, cm-¹): 1624 (-CH=N-), 1603 (C=C), 1567 (C=N), 1260 

(C-F), 698 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 9.03 (s, CH=N, 1H), 7.99–7.20 (m, Ar-H, 

9H), 2.65 (s, CH₃, 3H), 2.59 (s, CH₃, 3H). 13C NMR (CDCl₃, 100 MHz, δ ppm): 175.24, 165.50, 

165.20, 163.00, 159.58, 152.07, 144.32, 138.42, 129.50, 129.42, 129.37, 128.73, 127.13, 

125.34, 116.41, 116.19, 116.03, 115.96, 13.15, 12.22; MS (m/z): 378.19; Anal. Calcd. for 

C20H16FN5S: C, 63.46; H, 4.24; N, 18.56; Found: C, 63.46; H, 4.23; N, 18.50%. 

2.1.6. N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-nitrophenyl)-1,3,4-

thiadiazol-2-amine (14d). 

Obtained from the 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4, 0.140 g, 

0.69 mmol), 5-(4-nitrophenyl)-1,3,4-thiadiazol-2-amine (10d, 0.155 g, 0.69 mmol). Yield: 
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44% (0.124 g, brown colour); IR (ν, cm-¹): 1625 (-CH=N-), 1601 (C=C), 1564 (C=N), 1345 

(C-NO2), 693 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 9.03 (s, CH=N, 1H), 8.38–7.46 (m, Ar-

H, 9H), 2.66 (s, CH₃, 3H), 2.55 (s, CH₃, 3H). 13C NMR (CDCl₃, 100 MHz, δ ppm): 175.42, 

165.24, 159.67, 152.11, 144.37, 139.7, 138.42, 132.34, 129.78, 129.37, 129.30, 128.83, 128.74, 

125.34, 125.30, 125.20, 115.98, 29.70, 13.14, 12.21; MS (m/z): 405.53; Anal. Calcd. for 

C20H16N6O2S: C, 59.38; H, 3.95; N, 20.78; Found: C, 59.18; H, 3.94; N, 20.71%. 

2.1.7. N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(2-fluorophenyl)-1,3,4-

thiadiazol-2-amine (14e). 

Obtained from the 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde (4, 0.140 g, 

0.69 mmol), 5-(2-fluorophenyl)-1,3,4-thiadiazol-2-amine (10e, 0.136 g, 0.69 mmol). Yield: 

87% (0.228 g, white colour); IR (ν, cm-¹): 1620 (-CH=N-), 1598 (C=C), 1567 (C=N), 1263 (C-

F), 696 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 10.01 (s, CH=N, 1H), 7.59–7.49 (m, Ar-H, 

9H), 2.59 (s, CH₃, 3H), 2.57 (s, CH₃, 3H). 13C NMR (CDCl₃, 100 MHz, δ ppm): 184.00, 161.38, 

152.80, 151.89, 138.42, 137.73, 137.06, 133.58, 129.39, 129.33, 129.31, 129.00, 126.66, 

125.30, 125.27, 121.22, 117.51, 109.62, 13.93, 13.02; MS (m/z): 378.53; Anal. Calcd. for 

C20H16FN5S: C, 63.64; H, 4.24; N, 18.56; Found: C, 63.40; H, 4.22; N, 18.49%. 

2.1.8. N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methylbenzo[d]thiazol-

2-amine (15a). 

Obtained from the 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7, 0.100 

g, 0.45 mmol), 4-methylbenzo[d]thiazol-2-amine (12a, 0.073 g, 0.45 mmol). Yield: 89% 

(0.145 g, brown colour); IR (ν, cm-¹): 1623 (-CH=N-), 1595 (C=C), 1560 (C=N), 763 (C-Cl), 

698 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 10.01 (s, CH=N, 1H), 7.57–7.53 (m, Ar-H, 8H), 

2.57 (s, 2CH₃, 6H); 13C NMR (CDCl₃, 100 MHz, δ ppm): 175.43, 165.23, 159.70, 152.12, 

144.39, 138.41, 135.02, 133.30, 132.35, 129.77, 129.39, 128.83, 128.75, 126.62, 125.34, 

125.21, 115.98, 13.18, 12.24; MS (m/z): 367.49; Anal. Calcd. for C19H15ClN4S: C, 62.28; H, 

4.09; N, 15.29; Found: C, 62.04; H, 4.08; N, 15.23%. 

2.1.9. N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-methylbenzo[d]thiazol-

2-amine (15b). 

Obtained from the 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7, 0.100 

g, 0.45 mmol) and 6-methylbenzo[d]thiazol-2-amine (12b, 0.074 g, 0.45 mmol). Yield: 63% 

(0.100 g, brown colour); IR (ν, cm-¹): 1622 (-CH=N-), 1600 (C=C), 1565 (C=N), 765 (C-Cl), 

696 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 10.00 (s, CH=N, 1H), 7.58–7.44 (m, Ar-H, 8H), 

2.53 (s, 2 x -CH₃, 6H); 13C NMR (CDCl₃, 100 MHz, δ ppm): 175.41, 165.19, 159.74, 152.10, 

144.41, 138.43, 136.22, 132.33, 130.20, 129.75, 129.37, 128.80, 128.75, 125.31, 125.20, 

124.80, 115.99, 13.16, 12.21; MS (m/z): 366.06; Anal. Calcd. for C19H15ClN4S: C, 62.28; H, 

4.09; N, 15.29; Found: C, 62.28; H, 4.09; N, 15.29%. 

2.1.10. (N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-7-fluorobenzo[d] 

thiazol-2-amine (15c). 

Obtained from the 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7, 0.100 

g, 0.45 mmol) and 7-fluorobenzo[d]thiazol-2-amine (12c, 0.076 g, 0.45 mmol). Yield: 51% 

(0.085 g, pale yellow colour); IR (ν, cm-¹): 1621 (-CH=N-), 1598 (C=C), 1566 (C=N), 768 (C-
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Cl), 695 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 10.00 (s, CH=N, 1H), 7.93–7.29 (m, Ar-H, 

8H), 2.20 (s, -CH₃, 3H), 2.19 (s, -CH₃, 3H); 13C NMR (CDCl₃, 100 MHz, δ ppm): 174.6, 160.0, 

154.8, 149.2, 140.4, 137.2, 136.7, 133.3, 129.3, 129.3, 127.6, 126.2, 124.8, 124.8, 117.4, 114.6, 

113.9, 13.7; MS (m/z): 370.05; Anal. Calcd. for C18H12ClFN4S: C, 58.37; H, 3.24; N, 15.13; 

Found: C, 58.37; H, 3.24; N, 15.13%. 

2.1.11. N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-ethoxybenzo[d] 

thiazol-2-amine (15d). 

Obtained from the 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7, 0.100 

g, 0.45 mmol) and 6-ethoxybenzo[d]thiazol-2-amine (12d, 0.088 g, 0.45 mmol). Yield: 88% 

(0.158 g, salmon colour); IR (ν, cm-¹): 1674 (-CH=N-), 1597 (C=C), 1525 (C=N), 1004 (C-O), 

762 (C-Cl), 696 (C-S); 1H NMR (CDCl₃, 400 MHz): δ = 8.98 (s, CH=N, 1H), 7.88–7.06 (m, 

Ar-H, 8H), 4.15 (q, -OCH2-, 2H), 2.71 (s, -CH₃, 3H), 1.50 ( t, -CH₃, 3H); 13C NMR (CDCl₃, 

100 MHz, δ ppm): 170.07, 156.93, 156.29, 151.80, 146.08, 137.35, 135.59, 132.22, 129.25, 

128.96, 125.03, 124.80, 123.56, 115.91, 115.22, 105.19, 64.11, 29.71, 14.96, 14.86; MS (m/z): 

398.13; Anal. Calcd. for C20H17ClN4OS: C, 60.59; H, 4.29; N, 14.13; Found: C, 60.28; H, 4.26; 

N, 14.06%. 

2.2. Biology and molecular docking studies. 

2.2.1. ADMET studies. 

Two Important computational web-based applications, SwissADME and pkCSM, were 

used to systematically evaluate the pharmacokinetic properties and drug-likeness profiles of 

the synthesized compounds. These tools provide a quick and effective method for predicting 

important ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) 

parameters in the initial stages of drug discovery. Drug-likeness parameters, such as the boiled-

egg model and the bioavailability radar, visually represent the pharmacokinetic behaviour of 

substances. It further carefully examined if the compounds satisfied standard drug-likeness 

rules, such as the Lipinski, Ghose, Veber, Egan, and Muegge filters. Initially, the SMILES 

(Simplified Molecular-Input Line-Entry System) notation was generated from the chemical 

structures of the compounds using ChemDraw Professional 16.0.1.4 (77) software. The pkCSM 

and SwissADME tools were then used to predict and analyze the compound’s pharmacokinetic 

and drug-likeness properties using these SMILES strings as input [47, 48]. 

2.2.2. Molecular docking studies. 

Using AutoDock Vina, molecular docking was performed to determine the binding 

affinity of the protein-ligand complexes, with binding energies reported in kcal/mol. The 

docking process includes developing a grid box that completely covers the target protein's 

active site, with grid dimensions set to (x=40, y=40, z=40) and the grid center coordinates 

placed at (x=-1.7890, y=37.6273, z=66.2371 and x=27.582, y=5.2871, z=-8.073 of PDB 

ID:1MWT and 6KZX respectively). The virtual molecular docking was carried out using 

AutoDock Vina version 1.5.7. Biovia Discovery Studio Visualizer 2021 was used to visualize 

and analyze protein-ligand interactions, showing each ligand accurately docked into the 

designated active site of the protein (1MWT, 6KZX). The compounds with the strongest 
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interactions with the target protein were those with favorable binding scores, as indicated by 

the lowest (most negative) binding energies [49]. 

2.2.3. In vitro antibacterial screening. 

The antibacterial screening for newly prepared compounds was determined by the disc 

diffusion method [50] using Mueller–Hinton Agar (MHA) medium. The synthesized 

compounds were evaluated against Gram-negative bacteria of E. coli and Gram-positive 

bacteria of S. aureus. Synthesized compounds were initially screened at different 

concentrations (50, 40, 30, 20, and 10 µg/mL) in DMSO. The zone of inhibition was measured 

after 24h incubation at 37°C [51]. Antibiotic discs ampicillin (5 µg/mL) and ciprofloxacin (10 

µg/mL) were used as positive controls for S. aureus and E. coli. Experiments were performed 

in triplicate (n = 3), and values given are the mean of triplicates ± standard error. 

2.3. Antioxidant activity. 

2.3.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. 

The DPPH radical scavenging activity of the synthesized compounds was evaluated 

following the method described by Aksoy et al. [52]. In this in vitro assay, a 140 µL solution 

of DPPH (6.2 mg dissolved in 100 mL ethanol) was incubated with varying concentrations of 

the test compounds for 30 minutes in the dark. It is based on the reduction of the stable DPPH 

radical to its non-radical form (DPPH-H) upon interaction with an antioxidant, resulting in a 

decrease in absorbance at 536 nm measured with a UV-visible spectrophotometer. Vitamin C 

was used as the standard antioxidant for comparison (Supporting information Table S3.1-

S3.10).  

The percentage of free radical scavenging activity (%RSA) was calculated using the 

following formula: 

DPPH radical scavenging activity =  
[A𝑜−A1]

A𝑜
× 100          (1) 

 

Where: A₀ = Optical density (OD) of the DPPH solution incubated with solvent (blank 

control). And A₁ = OD of the DPPH solution incubated with the test compound [53]. 

2.3.2. Ferric reducing antioxidant power (FRAP) assay. 

The FRAP assay was conducted according to the method outlined by Benzie et al. [54] 

(1999). This method measures the reduction of the ferric-tripyridyltriazine (Fe3+-TPTZ)  

complex to the ferrous form (Fe2+-TPTZ), which results in the formation of a blue-colored 

complex with an absorbance maximum at 593 nm. The FRAP reagent containing 2.5mL of 

10mM TPTZ (2,4,6- trypyridyl-s-triazine), 2.5mL of 20mM FeCl3 and 25mL of 300mM 

acetate buffer, pH = 3.6, was prepared by warming at 37°C. 190µL FRAP reagent was 

incubated with a suitably diluted solution by total phenol content and FeSO4 (standard: 200-

1800µM) in the dark for 30 min, and the absorbance was measured at 593 nm (Supporting 

information Table S4.1-S4.8). FRAP units (equivalent amount of ferrous sulfate) were 

calculated, and the data are plotted against the concentration of extract. All antioxidant assays 

were performed in triplicate, and the results are presented as mean ± standard error (SE) [55]. 

Reference sample was prepared (ascorbic acid, 1 mg/mL) [56].  
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2.4. Cytotoxicity. 

2.4.1. Cytotoxicity against breast cancer cell lines. 

Cell viability assessment using Sulforhodamine B (SRB) Assay. The cytotoxic 

potential of the synthesized compounds was evaluated using the Sulforhodamine B (SRB) 

assay, which quantifies cell viability based on the ability of SRB dye to bind to basic amino 

acid residues in trichloroacetic acid (TCA)-fixed cells in a pH-dependent manner. 

2.4.2. Cell culture and treatment. 

Human breast cancer cell lines, MCF-7 (ER/PR-positive) and MDA-MB-231 

(ER/PR/HER2-negative), were utilized for the cytotoxicity assay. Cells were seeded at a 

density of 1 × 10⁴ cells/well in a 96-well plate containing DMEM supplemented (Dulbecco’s 

modified Eagle’s medium) with 10% fetal bovine serum (FBS) and incubated at 37°C in a CO₂ 

incubator for 36 hours [57]. After reaching the exponential growth phase, cells were treated 

with increasing concentrations of the compounds 14a, 14c, 14d, 14e, 15c, and 15d, 200 µM 

cisplatin (positive control), and 1% DMSO (vehicle control). The compounds 14a, 14c, 14d, 

14e, 15c, and 15d were dissolved in dimethyl sulfoxide (DMSO) to achieve a stock 

concentration of 5 mM and subsequently stored at -20°C for 5 days before use. For cell culture 

treatments, the 5 mM stock solutions were diluted to final concentrations of 1 μM, 500 μM, 

and 1000 μM using respective supplemented cell culture media. The percentage inhibition (%I) 

was determined after 48 hours of exposure. Cell viability was assessed by SRB staining, and 

absorbance was measured to evaluate the cytotoxic effects of the test compounds. 

3. Results and Discussion 

3.1. Chemistry. 

The synthesis method of novel pyrazole bearing thiadiazole and benzothiazole 

derivatives is shown in Scheme 2. The 3,5-dimethyl-1-phenyl-1H-pyrazole-4-carbaldehyde 

and 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7) were synthesized by treating 

with phenyl hydrazine, acetyl acetone (2), and ethylacetoacetate (5) via the intermediates 3,5-

dimethyl-1-phenyl-1H-pyrazole (3) and 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (6) by 

Vilsmeier reagent, respectively. The target compounds Schiff base-functionalized pyrazole-

thiadiazole (14a–e) and pyrazole-benzothiazole (15a–d) were successfully synthesized by 

treating the pyrazole aldehydes 4 and 7 with thiadiazole amine (10a-e) and benzothiazole amine 

(12a-d) derivatives in ethanol as a solvent through a condensation reaction in the presence of 

acetic acid as a catalyst. The structures of all final compounds were confirmed by IR, NMR, 

and MS analyses. The appearance of molecular ion peaks at 378.19, 405.53, 366.04, 370.05, 

and 398.13 in mass spectra corresponding to their molecular mass indicated the formation of 

compounds 14c, 14d, 15b, 15c, and 15d, respectively. In the IR spectra the appearance of 

absorption bands at 1619 cm-1, 1596 cm-1, 1560 cm-1 and 691 cm-1 corresponding to -CH=N-, 

-C=C-, -C=N- and -C-S stretching for 14a, an absorption band 1674 cm-1, 1597 cm-1, 1525 cm-

1, 1004 cm-1, 762 cm-1 and 696 cm-1 corresponding to -CH=N-, -C=C-, -C=N-, -C-O-, -C-Cl 

and -C-S- stretching for 15d supported the structures of the corresponding final compounds. In 

the 1H NMR spectra, the appearance of a singlet δ = 9.97 due to the -CH=N- and a sharp singlet 

δ = 2.53 due to -CH₃ groups and a singlet δ = 10.01 due to the -CH=N-, a sharp singlet δ = 2.57 
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due to CH₃ groups confirmed the structure of compounds 14a and 15a, respectively. In the 13C 

NMR spectra, the appearance of a signal at δ = 13.14 and 12.21 due to the two-CH3 group, and 

at δ = 161.30 due to the -CH=N- group. δ = 13.93 and13.02 due to the two -CH3 groups, at δ = 

161.38 due to the -CH=N- group supported the structure assigned to compounds 14a and 15a, 

respectively. The spectral study of all other derivatives also confirmed the structures assigned 

to the respective compounds.  

3.2. ADMET and docking studies. 

3.2.1. ADME and toxicity parameters. 

In order to anticipate oral bioavailability and drug-like behavior, the given compounds 

(14a, 14c, 14d, 14e, and 15d) were evaluated for druglikeness using widely accepted 

pharmacokinetic and structural filters. This study shows that these compounds have good 

permeability and metabolism (see Table 1) and adhere to Lipinski’s Rule of Five, with no 

violations (see Table 2). The compound’s suitability as a possible drug candidate is further 

confirmed by its successful compatibility with the Ghose, Veber, Egan, and Muegge filters. 

The compounds have beneficial pharmacokinetic properties for further pharmaceutical 

research, as indicated by a bioavailability score of 0.55, suggesting a moderate probability of 

oral bioavailability. Since they meet important requirements for increasing bioavailability, 

absorption, and overall therapeutic efficacy, these properties collectively support the potential 

of the compounds 14a, 14c, 14d, 14e, and 15d for drug development. The drug-likeness 

parameters, such as the boiled-egg model and bioavailability radar, which visually represent 

the pharmacokinetic behaviour of the substances, are shown in Figures 2, 3, and 4. The 

compounds show good intestinal absorption and moderate CaCO₂ permeability; water 

solubility is low across the series. Most molecules act as P-gp I/II inhibitors, aiding 

permeability but potentially causing drug–drug interactions. Distribution profiles indicate 

moderate VDss, limited BBB penetration for most, and all are CYP3A4 substrates with broad 

CYP inhibition tendencies. Toxicity results show no major hERG I risk, though some 

compounds exhibit AMES positivity and hepatotoxicity, requiring caution. Overall, 

compounds 14c and 14d appear more favorable in absorption. 

Table 1. ADME and toxicity parameters results for target compounds. 

Parameters Model Name 14a 14b 14c 14d 14e 15a 15b 15c 15d 

Absorption 

Water solubility -4.218 -4.48 -4.902 -4.584 -5.113 -5.589 -5.702 -5.593 -5.507 

CaCO2 permeability 1.046 1.035 1.064 1.364 1.063 1.067 1.073 1.05 1.068 

Intestinal absorption (human) 95.856 94.272 96.386 100 95.531 94.757 94.901 94.203 94.956 

Skin permeability -2.719 -2.718 -2.631 -2.733 -2.617 -2.557 -2.543 -2.62 -2.625 

P-glycoprotein substrate No No No No No No No Yes No 

P-glycoprotein I inhibitor Yes Yes Yes Yes Yes No Yes Yes Yes 

P-glycoprotein II inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Distribution 

VDss (human) 0.245 0.341 0.222 0.084 0.086 0.35 0.309 -0.026 0.364 

Fraction unbound (human) 0.147 0.149 0.178 0.119 0.157 0.147 0.136 0.155 0.132 

BBB permeability 0.359 0.31 0.53 -1.178 0.571 0.449 0.467 0.309 0.192 

CNS permeability -1.858 -1.717 -1.859 -2.028 -1.821 -1.323 -1.327 -1.334 -1.764 

Metabolism 

CYP2D6 substrate No No No No No No No No No 

CYP3A4 substrate Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP1A2 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP2C19 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP2C9 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP2D6 inhibitor No No No No No No No No No 

CYP3A4 inhibitor Yes Yes Yes Yes Yes Yes Yes No Yes 

Excretion 
Total clearance 0.359 0.206 0.106 0.262 0.215 0.383 0.318 0.396 0.463 

Renal OCT2 substrate Yes Yes Yes No Yes Yes Yes No Yes 
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Parameters Model Name 14a 14b 14c 14d 14e 15a 15b 15c 15d 

Toxicity 

AMES toxicity No No No Yes No Yes Yes No No 

Max. tolerated dose (human) 0.707 0.617 0.148 0.532 -0.108 -0.04 -0.197 -0.231 0.071 

hERG I inhibitor No No No No No No No No No 

hERG II inhibitor Yes Yes No Yes Yes No No No No 

Oral rat acute toxicity (LD50) 2.394 2.415 2.171 3.039 2.168 2.128 2.11 1.932 2.327 

Oral rat chronic toxicity (LOAEL) 0.843 0.66 0.99 0.785 1.021 0.864 0.992 0.713 0.882 

Hepatotoxicity No No Yes Yes Yes No Yes No Yes 

Skin sensitisation No No No No No No No No No 

T. pyriformis toxicity 0.294 0.295 0.323 0.288 0.355 0.451 0.519 0.541 0.377 

Minnow toxicity -1.84 -2.655 -2.516 -3.236 -2.476 -2.385 -1.899 -1.729 -2.439 

Table 2. Druglikeness results. 

Druglikeness 

14a, 14c, 14d, 14e and 15d compounds 15a, 15b and 15c compounds 

Lipinski Yes; 0 violations Lipinski Yes; 1 violation: MLOGP>4.15 

Ghose Yes Ghose Yes 

Veber Yes Veber Yes 

Egan Yes Egan Yes 

Muegge Yes Muegge No; 1 violation: XLOGP3>5 

Bioavailability score 0.55 Bioavailability score 0.55 

 
Figure 2. Bioavailability radar of 14a, 14c, 14d, 14e, and 15d. 

 
Figure 3. Bioavailability radar of 14b, 15a, 15b, and 15c. 

 
Figure 4. Boiled-egg model of compounds of 14(a-e) and 15(a-d). 
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3.2.2. Druglikeness studies by using the Swiss-ADME tool. 

In order to determine the synthesized compound’s appropriateness as a potential drug 

candidate, the druglikeness evaluation of the compounds 15a, 15b, and 15c was evaluated 

utilizing a variety of pharmacokinetic and structural filters. With one exception (MLOGP > 

4.15), the compounds satisfy Lipinski’s rule of five, suggesting a slightly higher lipophilicity 

that may impact permeability and solubility. Additionally, it also meets the criteria set by 

Ghose, Veber, and Egan filters, suggesting favorable physicochemical properties for oral 

bioavailability. However, the compounds with one violation (XLOGP3 > 5) are displayed in 

Table 2, which causes them to fail the Muegge filter; this indicates that lipophilicity may be 

higher than ideal for drug-likeness according to this criterion. But still, a moderate likelihood 

of effective oral bioavailability is indicated by the bioavailability score of 0.55. Given the 

compound’s generally encouraging drug-like properties, the observed violations indicate that 

additional tuning would be necessary to improve its pharmacokinetic profile and increase 

solubility and absorption. 

3.2.3. Binding scores of target compounds with proteins 1MWT and 6KZX. 

The molecular docking scores of several compounds with two protein targets, 1MWT 

and 6KZX, are depicted. The compounds, labelled 14a to 15d, have distinct chemical structures 

and functional groups that vary significantly. Several amino acid residues in the binding pocket 

of the active site of the proteins of the bacterium E. coli and S. aureus, 1MWT and 6KZX, 

respectively, bind all analogues. Two proteins, 1MWT and 6KZX, were studied for their 

interactions with various compounds (14a to 15d) and are displayed in Table 3 below. With 

binding scores of -6.5 kcal/mol for 1MWT and -8.2 kcal/mol for 6KZX, the compound 14e had 

the highest binding affinity for both proteins among all studied substances. In comparison to 

the other compounds, these values indicate that compound 14e forms the most stable contact 

with both proteins (1MWT and 6KZX). While the compounds 14b and 14c (-8.1 kcal/mol each) 

exhibited significant binding for 6KZX, the compounds 14c and 14d had the second-best 

binding affinity for 1MWT (-6.3 kcal/mol each). According to these binding data, the 

compound 14e might have the best structural features, improving its ability to interact with 

both proteins’ binding sites. 

Table 3. Binding scores of compounds. 

Compound Structure 
Binding score (kcal/mol) 

1MWT 6KZX 

14a 

 

-5.9 -8.0 

14b 

 

-6.2 -8.1 

14c 

 

-6.3 -8.1 

14d 

 

-6.3 -7.8 
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Compound Structure 
Binding score (kcal/mol) 

1MWT 6KZX 

14e 

 

-6.5 -8.2 

15a 

 

-6.1 -8.0 

15b 

 

-6.0 -7.9 

15c 

 

-6.1 -7.9 

15d 

 

-5.9 -7.8 

Ciprofloxacin 

 

- -7.1 

Vancomycin 

 

-8.1 - 

3.2.4. Interaction of 14a to 15d with the targeted proteins. 

The PDB IDs of two distinct proteins, 1MWT and 6KZX, are used to identify the 

interactions between different compounds and protein residues, as mentioned in Table 5. Every 

compound, including the compounds 14a, 14b, 14c, 14d, 14e, 15a, 15b, 15c, and 15d, interacts 

in a different way with particular protein residues. The type of molecular interaction, the ligand 

(atom or functional group) that participates, the residue involved, and the bond distance in 

angstroms (Å) are the characteristics that identify the interactions. Different compounds form 

interactions with residues for PDB ID: 1MWT, including GLU 539, ASN 540, GLN 353, LYS 

334, and VAL 160. Hydrogen bonds, halogen interactions, pi-anion, pi-cation, pi-sigma, and 

pi-alkyl interactions are the most often reported interaction types. In compound 14a, for 

example, GLU 539 exhibits a π-anion contact with the π-ring of pyrazole at a bond distance of 

3.52 Å. With a bond distance of 1.97 Å, the compound 14e also shows a conventional hydrogen 

bond between LYS 334 and the nitrogen in the thiadiazole ring, demonstrating a strong 

hydrogen bond. A variety of interactions are observed with other compounds, such as fluorine-

based halogen bonding (14c, 15c) and alkyl interactions with bromine (14b), as shown in Table 

4. Molecular docking 3D interaction of protein (1MWT and 6KZX, respectively)-ligand with 

synthesized compounds as shown in Figure 5, respectively. Molecular docking studies were 

performed using the standard drugs vancomycin and Ciprofloxacin against the target proteins 

1MWT and 6KZX. The obtained binding scores were –8.1 and –7.1, respectively. 
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Figure 5. Molecular docking of 14e with 1MWT and 6KZX proteins (a, b) protein ligand complex of the 

compound 14e with the active site of 1MWT and 6KZX, respectively; (c, d) Interaction inside the binding 

pocket of 1MWT and 6KZX; (e, f) 2D interaction of 14e with 1MWT and 6KZX. 

Table 4. Profiling the binding characteristics of target compounds with the proteins. 

Protein PDB ID Compound Residue involved Ligand Interaction type Bond dis.(Å) 

1MWT 

14a 

GLU:539 Carbon Hydrogen bond 3.38 

GLU:539 𝜋-ring of pyrazole Pi-Anion 3.52 

ASN:540 Nitrogen in Thiadiazole Hydrogen Bond 3.57 

GLN:353 𝜋-ring of benzene Pi-Sigma 3.96 

14b 

GLU:539 𝜋-ring of benzene Pi-Anion 3.93 

GLU:539 𝜋-ring of thiadiazole Pi-anion 4.05 

ILE:568 Bromine Alkyl 4.15 

LYS:565 Bromine Alkyl 4.23 

14c 

LYS:334 𝜋-ring of thiadiazole Pi-cation 2.34 

GLU:655 Fluorine Halogen 3.08 

VAL:160 𝜋-ring of pyrazole Pi-sigma 3.51 

LYS:331 𝜋-ring of benzene Pi-alkyl 3.84 

14d GLU:539 𝜋-ring of benzene Pi-anion 3.39 

14e 

LYS:334 Nitrogen in the thiadiazole ring Hydrogen bond 1.97 

LYS:334 𝜋-ring of thiadiazole Pi-cation 2.61 

LYS:331 Fluorine Halogen 3.24 

VAL:160 𝜋-ring of pyrazole Pi-sigma 3.49 

LYS:331 𝜋-ring of benzene Pi-alkyl 3.69 

15a 

GLU:539 Carbon Hydrogen bond 3.49 

PRO:625 𝜋-aromatic Pi-alkyl 4.15 

ILE:568 Methyl group Alkyl 4.23 

GLU:539 𝜋-aromatic Pi-anion 4.45 

LYS:565 𝜋-aromatic Pi-alkyl 4.99 

15b 

LYS:334 Nitrogen Hydrogen bond 2.23 

VAL:160 𝜋-aromatic Pi-sigma 3.46 

LYS:331 𝜋-aromatic Pi-alkyl 3.84 

LYS:331 Methyl group Alkyl 4.36 

LYS:331 𝜋-aromatic Pi-alkyl 4.66 

15c 

GLU:539 Carbon Hydrogen bond 3.22 

ASN:569 Fluorine Halogen 3.26 

PRO:625 𝜋-aromatic Pi-alkyl 4.15 

GLU:539 𝜋-ring of thiadiazole Pi-anion 4.27 

LYS:565 𝜋-aromatic Pi-alkyl 4.81 

ILE:568 𝜋-aromatic Pi-alkyl 4.81 

15d GLU:539 𝜋-aromatic Pi-anion 3.35 

GLU:539 𝜋-ring of thiazole Pi-anion 3.73 

 Vancomycin 

ASP:623 NH group Hydrogen bond 1.79 

GLU:539 Oxygen-hydrogen bond Hydrogen bond 2.28 

GLU:539 Oxygen-hydrogen bond Hydrogen bond 2.46 

LYS:622 Hydrogen bond donor Hydrogen bond 2.91 

ASN:541 Oxygen-hydrogen bond Hydrogen bond 2.94 

ASP:665 
Oxygen atoms in the ligand 

ring 
Attractive charge 4.16 

ASP:665 
Oxygen atoms in the ligand 

ring 
Attractive charge 4.59 
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Protein PDB ID Compound Residue involved Ligand Interaction type Bond dis.(Å) 

ASP:665 
Oxygen atoms in the ligand 

ring 
Attractive charge 4.92 

LYS:663 Alkyl interaction Alkyl 5.09 

6KZX 

14a 

ARG:76 Nitrogen Hydrogen bond 2.29 

GLU:50 Carbon Hydrogen bond 2.90 

THR:165 Nitrogen Hydrogen bond 3.13 

ARG:76 𝜋-ring of thiazole Pi-Anion 3.37 

GLU:50 𝜋-ring of thiazole Pi-Anion 3.65 

ALA:53 𝜋-ring of benzene Pi-Sigma 3.78 

ASP:73 𝜋-aromatic Pi-cation 4.35 

ILE:78 𝜋-aromatic Pi-alkyl 4.62 

ILE:78 Methyl group Alkyl 4.95 

VAL:120 𝜋-ring of benzene Pi-alkyl 5.01 

14b 

ARG:76 Nitrogen in thiadiazole Hydrogen bond 2.30 

GLU:50 Carbon Hydrogen bond 2.93 

ARG:76 𝜋-ring of thiadiazole Pi-cation 3.42 

GLU:50 𝜋-ring of thiadiazole Pi-cation 3.65 

ALA:53 𝜋-ring of benzene Pi-sigma 3.70 

ASP:73 𝜋-ring of pyrazole Pi-cation 4.40 

ILE:78 𝜋-ring of pyrazole Pi-alkyl 4.58 

ILE:78 Methyl group Alkyl 4.89 

VAL:120 𝜋-ring of benzene Pi-alkyl 4.94 

14c 

GLU:50 Nitrogen Hydrogen bond 3.31 

ARG:76 𝜋-aromatic Pi-cation 3.72 

ILE:78 𝜋-ring of Thiadiazole Pi-alkyl 4.33 

PRO:79 𝜋-aromatic Pi-alkyl 4.39 

GLU:50 𝜋-aromatic Pi-anion 4.48 

VAL:167 𝜋-aromatic Pi-alkyl 4.89 

VAL:120 𝜋-aromatic Pi-alkyl 4.90 

14d 

ARG:76 Nitrogen Hydrogen bond 2.29 

GLU:50 Carbon Carbon hydrogen bond 2.94 

ARG:76 𝜋-aromatic Pi-anion 3.41 

GLU:50 𝜋-aromatic Pi-cation 3.65 

ALA:53 𝜋-aromatic Pi-sigma 3.70 

ASP:73 𝜋-aromatic Pi-anion 4.42 

ILE:78 𝜋-aromatic Pi-alkyl 4.58 

ILE:78 Methyl group Alkyl 4.90 

VAL:120 𝜋-aromatic Pi-alkyl 4.92 

14e 

ASP:73 Fluorine Halogen 2.96 

VAL:167 𝜋-aromatic Pi-sigma 3.99 

ARG:76 Methyl group Alkyl 4.03 

ILE:78 𝜋-aromatic Pi-alkyl 4.35 

PRO:79 𝜋-aromatic Pi-alkyl 4.42 

GLU:50 𝜋-aromatic Pi-anion 4.47 

PRO:79 Methyl group Alkyl 4.81 

VAL:120 𝜋-aromatic Pi-alkyl 4.90 

15a 

GLU:50 Carbon Carbon hydrogen bond 3.15 

ASP:73 Nitrogen Hydrogen bond 3.38 

ARG:76 𝜋-aromatic Pi-anion 3.65 

ARG:76 𝜋-aromatic Pi-cation 3.66 

ALA:53 Methyl group Alkyl 3.85 

ILE:78 𝜋-aromatic Pi-alkyl 4.59 

ILE:78 Methyl group Alkyl 4.99 

GLU:50 Carbon Carbon hydrogen bond 3.15 

15b 

GLU:50 Carbon atom Carbon hydrogen bond 3.23 

ASP:73 Nitrogen Hydrogen bond 3.36 

ARG:76 𝜋-aromatic Pi-anion 3.68 

ARG:76 𝜋-aromatic Pi-cation 3.69 

GLU:50 𝜋-aromatic Pi-cation 4.13 

ILE:78 𝜋-aromatic PI-alkyl 4.56 

ILE:78 Methyl group Alkyl 4.99 

15c 

THR:165 Nitrogen Hydrogen bond 2.97 

GLU:50 Carbon Hydrogen bond 3.21 

ASP:73 Nitrogen Hydrogen bond 3.34 

ARG:76 𝜋-aromatic Pi-anion 3.67 

ARG:76 𝜋-aromatic Pi-cation 3.68 
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Protein PDB ID Compound Residue involved Ligand Interaction type Bond dis.(Å) 

GLU:50 𝜋-aromatic Pi-cation 4.16 

ILE:78 𝜋-aromatic Pi-alkyl 4.57 

ILE:78 Methyl group Alkyl 5.01 

15d 

ALA:47 Methyl group Alkyl 3.74 

VAL:71 Methyl group Alkyl 4.17 

ARG:76 Methyl group Alkyl 4.17 

GLU:50 𝜋-aromatic Pi-anion 4.42 

PRO:79 𝜋-aromatic Pi-alkyl 4.45 

ILE:78 𝜋-ring of thiadiazole Pi-alkyl 4.68 

PRO:79 Methyl group Alkyl 4.98 

 Ciprofloxacin 

GLY:77 Carbonyl oxygen (C=O) Hydrogen bond 2.31 

THR:165 Carbonyl oxygen (C=O) Hydrogen bond 2.44 

PRO:79 Carbonyl oxygen (C=O) Carbon-hydrogen bond 3.62 

ILE:78 Aromatic π-ring Pi-alkyl interaction 4.41 

ILE:94 Aromatic π-ring Pi-alkyl interaction 4.59 

ILE:94 Aromatic π-ring Alkyl interaction 4.89 

For PDB ID: 6KZX, interactions occur with residues such as ALA 53, ARG 76, GLU 

50, ASP 73, and ILE 78. Pi-sigma, pi-anion, pi-cation, conventional hydrogen bonding, and 

alkyl interactions are the most common kinds of interactions. For example, the compound 14a 

interacts with the π-ring of benzene at ALA 53 (3.78 Å) through a pi-sigma interaction and 

with ARG 76 (2.29 Å) via a conventional hydrogen bond. The compound 15a interacts with 

THR 165 by a conventional hydrogen bond (2.98 Å) and interacts with other residues in a 

number of pi-alkyl and pi-anion interactions. Remarkably, the compound 15d has a number of 

methyl-group alkyl interactions, including those with ALA 47, VAL 71, and ARG 76. These 

interactions typically promote hydrophobic interactions that stabilize the ligand-protein 

binding. 

3.3. Antibacterial activity. 

The antibacterial activity of all synthesized pyrazole derivatives was tested against 

gram-negative and gram-positive bacteria, as shown in Table 5, with zone of inhibition (in mm) 

measured using Ampicillin (5 µg/mL) and Ciprofloxacin (10 µg/mL) as standard drugs.  

Table 5. Antibacterial profiling of compounds 14(a-e) and 15(a-d) against pathogenic E. coli and S. aureus 

based on three biological replicates (n = 3). 

The zone of inhibition measured in mm 

Compounds 

Concentration in µg/mL 

E. coli S. aureus 

50 40 30 20 10 50 40 30 20 10 

14a 13±0.22 11±0.20 10±0.18 08±0.08 R 13±0.21 11±0.13 10±0.12 08±0.31 07±0.33 

14b 14±0.09 12±0.20 10±0.15 08±0.21 07±0.19 15±0.33 13±0.13 10±0.16 08±0.15 07±0.20 

14c 17±0.10 15±0.15 12±0.19 09±0.13 08±0.15 19±0.16 17±0.10 14±0.21 09±0.12 07±0.16 

14d 15±0.33 11±0.21 10±0.16 09±0.10 07±0.17 16±0.28 14±0.15 11±0.18 10±0.21 7±0.21 

14e 19±0.18 16±0.13 13±0.33 10±0.14 09±0.14 22±0.10 18±0.23 15±0.12 11±0.16 09±0.12 

15a 15±0.27 13±0.34 10±0.23 09±0.11 08±0.13 14±0.09 12±0.21 09±0.19 08±0.12 07±0.28 

15b 12±0.25 10±0.19 09±0.11 07±0.10 R 11±0.25 09±0.32 07±0.14 R R 

15c 14±0.22 11±0.20 10±0.18 08±0.08 R 13±0.27 11±0.34 10±0.11 08±0.14 07±0.10 

15d 11±0.26 10±0.17 09±0.14 R R 10±0.18 08±0.17 07±0.8 R R 

Ampicillin (5 µg/mL) 19 Ampicillin (5 µg/mL) 23 

Ciprofloxacin (10 µg/mL) 25 Ciprofloxacin (10 µg/mL) 21 

Values are means of triplicate ± standard error, R: resistant. 

 

Compounds 14c and 14e showed significant activity against E. coli, with inhibition 

zones of 17±0.10 and 19±0.18 mm, and against S. aureus, with inhibition zones of 19±0.16 and 

22±0.10 mm, at the highest concentration of 50 µg/mL, respectively. Compounds 14a, 14b, 

14d, 15a, and 15c showed moderate inhibition at 50 µg/mL concentration against both bacteria. 
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Compounds 14c and 14e also showed moderate activity with inhibition zone 15±0.15 mm, 

16±0.13 mm for E. coli and 17±0.10 mm, 18±0.23 mm against S. aureus at mild concentrations 

at 40 µg/mL. The compound 15b was found to be inactive at 10 µg/mL against both 

microorganisms, while the compound 15c was inactive at 10 µg/mL against only E. coli, and 

the compound 15d was inactive at 20 µg/mL and 10 µg/mL for both organisms, respectively. 

The trend of activity was observed as follows: R = 2F (14e) > 4F (14c) > 4Me (15a) > 4NO2 

(14d) > 4Br (14b) > 7F (15c) > H (14a). It is obvious that the presence of a pharmacophore, 

such as a fluoro substituent with lipophilic and permeability properties, increases the 

antimicrobial activity.  

3.4. Antioxidant activity. 

3.4.1. DPPH activity. 

The synthesized compounds were evaluated as antioxidants by the DPPH assay at 

different concentrations. Vitamin C was used as a drug reference. The antioxidant activity was 

tested using “1,1-diphenyl-2-picrylhydrazyl radical (DPPH●)” as a stable radical compound. 

Its oxidation process is widely used to assess the free radical scavenging or hydrogen-donating 

capacity after an in vitro test. Based on the provided DPPH data, a clear structure-activity 

relationship is evident, with the unsubstituted phenyl derivative (14a) exhibiting the highest 

percentage of radical scavenging (70.29%). The introduction of substituents on the phenyl ring 

generally reduces antioxidant activity, with the ortho-fluoro group (14e, 65.67%) being less 

detrimental than the para-fluoro (14c, 55.96%) and notably less than the para-bromo (14b, 

49.13%) and para-nitro (14d, 52.60%) groups. This suggests that the strong electron-

withdrawing nature of the nitro and bromo groups, particularly in the para position, 

significantly decreases the molecule’s ability to donate electrons and scavenge free radicals. 

The benzothiazole-based derivatives exhibited a broader range of activity, generally lower than 

the phenyl compounds, with the 6-ethoxy derivative (15d, 55.96%) showing the highest 

activity among its pyrazole-benzothiazole analogs. Its activity was comparable to the para-

fluoro phenyl derivative, suggesting that the ethoxy group enhances scavenging potential 

within the benzothiazole scaffold. Conversely, the methyl groups in the 4-position (15a, 

45.58%) and 6-position (15b, 43.17%), and the 7-fluoro group (15c, 48.75%), yielded lower 

activity, demonstrating that the nature and position of the substituent are critical determinants 

of the final antioxidant efficacy, as shown in Table 6. The compound 14e showed significant 

activity across all concentrations compared to the other synthesized compounds. The DPPH 

activity of the tested compounds can be ordered as follows: Vitamin C > 14e > 14a > 14c-15d 

> 14d > 14b > 15c > 15a > 15b, as shown in Figure 6.  

Table 6. In vitro evaluation of the radical scavenging activity of 14(a-e) and 15(a-d) 

Compounds 
Percentage of inhibition (%I) 

Blank 20 µg/mL 40 µg/mL 60 µg/mL 80 µg/mL 100 µg/mL 

14a 0.00 14.33 29.42 52.21 59.23 70.29 

14b 0.00 4.52 16.35 21.15 32.60 49.13 

14c 0.00 7.50 28.08 35.67 46.73 55.96 

14d 0.00 10.00 17.88 27.79 40.19 52.60 

14e 0.00 11.35 16.92 33.08 50.10 65.67 

15a 0.00 1.73 10.58 21.83 35.48 45.58 

15b 0.00 2.21 10.29 20.58 32.12 43.17 

15c 0.00 3.08 12.12 25.58 37.88 48.75 

15d 0.00 8.27 29.33 36.25 48.17 55.96 

Vitamin-C 0.00 5.29 45.98 79.20 84.94 86.90 
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Figure 6. Comparison of DPPH Activity of synthesized compounds with reference drug. 

3.4.2. FRAP activity. 

All synthesized compounds showed more potent FRAP activity than the standard, 

ascorbic acid, at all concentrations, as shown in Table 7. Based on the FRAP data, which shows 

that a higher net OD corresponds to greater antioxidant activity, clear substituent effects are 

observed across the derivatives. For the substituted phenyl compounds, the position and 

electronic nature of the group significantly alter the activity, with the ortho-fluoro derivative 

(14e) displaying the highest activity (OD 0.46), surpassing both the para-fluoro (14c, OD 0.37) 

and the unsubstituted (14a, OD 0.33) phenyl derivatives. This indicates that the ortho position 

is particularly favorable for enhancing FRAP activity, possibly due to intramolecular effects. 

Conversely, the strong electron-withdrawing para-nitro group (14d) resulted in the lowest 

activity among the phenyl derivatives (OD 0.31), showing the effect of electron-withdrawing 

character. When comparing the benzothiazole derivatives, the 7-fluoro-substituted compound 

(15c, OD 0.29) exhibited a slightly higher antioxidant capacity than the 6-ethoxy derivative 

(15d, OD 0.25). However, both were less active than the pyrazole-thiadiazole derivatives, with 

15d being the least active overall, as shown in Figure 7. These results collectively demonstrate 

that both the electronic properties and the precise location of the substituents are critical 

determinants of the antioxidant potency in these molecular scaffolds. 

Table 7. A comparative ferric-reducing antioxidant potential of target compounds with vitamin C. 

Compounds 
Net OD at 593 nm 

Blank 20 µg/mL 40 µg/mL 60 µg/mL 80 µg/mL 100 µg/mL 

14a 0 0.96 0.69 0.57 0.51 0.33 

14c 0 1.07 0.74 0.61 0.52 0.37 

14d 0 0.88 0.66 0.55 0.48 0.31 

14e 0 1.17 0.77 0.64 0.55 0.46 

15c 0 0.81 0.62 0.52 0.43 0.29 

15d 0 0.73 0.55 0.43 0.36 0.25 

Vitamin-C 0 0.67 0.52 0.39 0.27 0.15 
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Figure 7. Comparison of the FRAP activity of novel compounds and a reference. 

3.5. Anticancer activity. 

The cytotoxic activity of newly synthesized heterocycles (14a, 14c, 14d, 14e, 15c, and 

15d) was evaluated against two breast cancer cell lines, MDA-MB-231 and MCF-7. The results 

obtained are summarized in Table 8. Among the tested derivatives, the compound 14e exhibited 

the highest cytotoxicity, with a percentage inhibition of 68.49 and 57.38 at 1000 µg/mL against 

both MCF-7 and MDA-MB-231, respectively. In comparison, the compound 14c displayed 

slightly lower cytotoxic activity than the compound 14e against both cell lines. Furthermore, 

the compounds 14e and 14c showed marked sensitivity to MDA-MB-231 cells with %PI 50.04 

and 41.01 at 1 µM, respectively, as shown in Figure 8. Conversely, compounds 14e and 14c 

exhibited higher sensitivity to MCF-7 cells, indicating that structural variations in pyrazole 

derivatives influence their selectivity between these two breast cancer cell lines. Overall, the 

derivatives containing fluoro at the 2nd and 4th positions (14e and 14c) demonstrated the highest 

sensitivity at 1000 µM against both tested cell lines, warranting further investigation of their 

antitumor potential among the tested pyrazole derivatives. These studies have established that 

the anticancer properties of pyrazole Schiff bases are closely linked to the presence of electron-

withdrawing groups. Consistently, in this study, compounds containing electron-withdrawing 

substituents, such as 14e and 14c, exhibited superior cytotoxicity against breast cancer cell 

lines, reinforcing their potential as promising anticancer agents. 

Table 8. Assessing the cytotoxic potential of compound series 14(a, c, d, and e) and 15 (c and d) via percentage 

inhibition. 

Compounds 

% Inhibition 

Vehicle 

control* 

Positive 

control** 

At different concentrations 

against MDA-MB-231 
Vehicle 

control* 

Positive 

control** 

At different concentrations 

against MCF-7 

1 µM 500 µM 1000 µM 1 µM 500 µM 1000 µM 

14a 0.79 75.30 3.80 16.62 30.40 3.63 61.04 3.4 13.54 19.55 

14c 0.79 75.30 41.01 49.88 59.22 3.63 61.04 39.03 48.29 51.22 

14d 0.79 75.30 3.72 18.69 28.74 3.63 61.04 2.75 12.56 17.91 

14e 0.79 75.30 50.04 53.84 68.49 3.63 61.04 41.17 53.03 57.38 

15c 0.79 75.30 7.68 23.04 36.03 3.63 61.04 34.44 40.42 48.78 

15d 0.79 75.30 2.85 14.17 27.63 3.63 61.04 7.16 10.44 14.63 

*DMSO **Cisplatin 
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Figure 8. Comparison of cytotoxicity assessment of the target compounds. 

3.6. Structure–activity relationship (SAR) of pyrazole–thiadiazole derivatives. 

The structure-activity relationship (SAR) of newly synthesized compounds 14(a-e) and 

15(a-d) has been depicted in Figure 9. In the antioxidant assays (DPPH and FRAP), the 

unsubstituted phenyl derivative consistently shows the highest activity, suggesting that the core 

structure is inherently potent for scavenging radicals and that most substituents reduce this 

effect. Electron-withdrawing groups (EWGs) generally decrease antioxidant activity, as seen 

with the para-bromo and para-nitro groups, which destabilize the radical intermediate. 

However, the substituent position is also crucial, as the ortho-fluoro group shows significantly 

higher activity than its para-fluoro counterpart, suggesting a potential intramolecular effect that 

enhances its scavenging capacity.  

 
Figure 9. SAR of substituted pyrazole-thiadiazole derivatives. 

The benzothiazole derivatives generally exhibit lower antioxidant activity, with the 

electron-donating ethoxy group providing a notable increase in activity compared to the 

methyl-substituted and fluoro-substituted derivatives, highlighting the positive influence of 

EDGs in this scaffold. For cytotoxicity against MDA-MB-231 and MCF-7 cell lines, the SAR 

shifts, with EWGs often increasing potency. The ortho-fluoro derivative shows the highest 

inhibition for both MDA-MB-231 and MCF-7 cells, surpassing the unsubstituted derivative. 

The para-fluoro derivative also shows enhanced cytotoxicity compared to the unsubstituted 

one. The lower cytotoxicity of the para-nitro and para-bromo derivatives compared to the 

fluoro-substituted ones suggests that an optimal balance of electronic and steric factors, rather 

than just the presence of EWGs, is critical for modulating anticancer activity in these cell lines. 

Furthermore, the 7-fluorobenzothiazole shows modest activity, suggesting that cytotoxicity is 

highly dependent on the specific molecular framework and substituent combination. This 

comparative analysis across assays reveals that the electronic and positional effects of 

substituents yield distinct SARs for distinct biological activities, underscoring the need for 

targeted design to optimize specific pharmacological profiles. 
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4. Conclusions 

A novel series of pyrazole-containing 1,3,4-thiadiazole (14a-e) and benzothiazole (15a-

d) Schiff base heterocycles was successfully synthesized and characterized. The structural 

novelty lies in the fusion of the pyrazole core with both thiadiazole and benzothiazole moieties 

via a Schiff base linkage; synthetic strategies were confirmed by spectroscopic analysis. 

Molecular docking studies validated the high potential of compound 14e, revealing its strong 

binding affinity and favorable interactions with key target proteins, positioning it as a 

promising multi-target inhibitor. The in silico ADMET analysis confirmed the drug-likeness 

of the most active compounds, including 14e, indicating their potential for oral bioavailability 

and overall therapeutic efficacy. This multi-pronged investigation, integrating innovative 

synthetic chemistry with rigorous pharmacological and computational analysis, provides a 

strong basis for further optimization. The findings underscore the translational potential of 

these pyrazole derivatives as promising lead compounds for developing new therapeutic 

agents, particularly in the fight against breast cancer and microbial infections, by leveraging 

their distinct SAR profiles.  

The compound 14e, containing a specific ortho-fluoro substituent, emerged as a 

multifaceted lead, exhibiting potent antibacterial activity against E. coli and S. aureus, 

significant antioxidant activity, and the highest cytotoxicity against both breast cancer cell 

lines. Comprehensive pharmacological evaluation revealed that the biological activity of target 

compounds is strongly influenced by specific substituents, as established through structure-

activity relationship (SAR) studies. For antioxidant activity, the unsubstituted phenyl 

derivative (14a) demonstrated the highest potency in the DPPH assay, suggesting that the 

pyrazole–thiadiazole scaffold is inherently a potent radical scavenger. In contrast, for 

cytotoxicity against triple-negative (MDA-MB-231) and estrogen receptor-positive (MCF-7) 

breast cancer cell lines, electron-withdrawing groups (EWGs), particularly the ortho-fluoro 

group, were associated with increased potency, highlighting distinct SARs for different 

biological targets. 
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ADMET Absorption, Distribution, Metabolism, Excretion, Toxicity 

AMR Antimicrobial resistance  

ALS Amyotrophic Lateral Sclerosis 

DPPH 2,2-Diphenyl-1-picrylhydrazyl 

E. coli Escherichia coli 

S. aureus Staphylococcus aureus 

FRAP Ferric Reducing Antioxidant Power 

Fe²⁺-TPTZ Ferrous-2,4,6-tripyridyl-s-triazine 

MCF-7 Michigan Cancer Foundation-7 

MDA-MB-231 M D Anderson - Metastatic Breast - 231 
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Supplementary Materials 

 

Figure S1. 1H NMR Spectra of the compound 3,5-Dimethyl-1-phenyl-1H-pyrazole-4-carboxaldehyde (5). 

 

Figure S2. 1H NMR Spectra of the compound 5-Chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde (7). 

 

Figure S3. LC Spectra of the compound 5-phenyl-1,3,4-thiadiazol-2-amine (10a). 
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Figure S4. Mass Spectra of the compound 5-phenyl-1,3,4-thiadiazol-2-amine (10a). 

 

Figure S5. LC Spectra of the compound 5-(4-bromophenyl)-1,3,4-thiadiazol-2-amine (10b). 

 

Figure S6. Mass Spectra of the compound 5-(4-bromophenyl)-1,3,4-thiadiazol-2-amine) (10b). 
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Figure S7. Mass Spectra of the compound 5-(2-fluorophenyl)-1,3,4-thiadiazol-2-amine (10e). 

          

Figure S8. 1H NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

phenyl-1,3,4-thiadiazol-2-amine (14a). 

        

Figure S9. 13C NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

phenyl-1,3,4-thiadiazol-2-amine (14a). 
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Figure S10. 1H NMR Spectra of the compound (E)-5-(4-bromophenyl)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-

4-yl)methylene)-1,3,4-thiadiazol-2-amine (14b). 

          

Figure S11. 13C NMR Spectra of the compound (E)-5-(4-bromophenyl)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-

4-yl)methylene)-1,3,4-thiadiazol-2-amine (14b). 

 

Figure S12. Mass Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-

fluorophenyl)-1,3,4-thiadiazol-2-amine (14c) 
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Figure S13. 1H NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(4-fluorophenyl)-1,3,4-thiadiazol-2-amine (14c). 

 

Figure S14. 13C NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(4-fluorophenyl)-1,3,4-thiadiazol-2-amine (14c). 

 

Figure S15. Mass Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-

nitrophenyl)-1,3,4-thiadiazol-2-amine (14d). 
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Figure S16. 1H NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(4-nitrophenyl)-1,3,4-thiadiazol-2-amine (14d). 

 

Figure S17. 13C NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(4-nitrophenyl)-1,3,4-thiadiazol-2-amine (14d). 

 

Figure S18. 1H NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(2-fluorophenyl)-1,3,4-thiadiazol-2-amine (14e). 
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Figure S19. 13C NMR Spectra of the compound (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-

(2-fluorophenyl)-1,3,4-thiadiazol-2-amine (14e). 

 

Figure S20. 1H NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-4-methylbenzo[d]thiazol-2-amine (15a). 

 

Figure S21. 1H NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-4-methylbenzo[d]thiazol-2-amine (15a). 
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Figure S22. Mass Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-

6-methylbenzo[d]thiazol-2-amine (15b) 

 

Figure S23. 1H NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-6-methylbenzo[d]thiazol-2-amine (15b). 

 

Figure S24. Mass Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-

7-fluorobenzo[d]thiazol-2-amine (15c). 
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Figure S25. 1H NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-7-fluorobenzo[d]thiazol-2-amine (15c). 

 

Figure S26. Mass Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-

6-ethoxybenzo[d]thiazol-2-amine (15d). 

 

Figure S27. 1H NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-6-ethoxybenzo[d]thiazol-2-amine (15d). 
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Figure S28. 13C NMR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-6-ethoxybenzo[d]thiazol-2-amine (15d). 

 

Figure S29. IR Spectra of the compound (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-

ethoxybenzo[d]thiazol-2-amine (15d). 

Molecular Docking studies 

 

 

Figure S2.1. Visualization and interpretation of protein-ligand binding forces via 2D diagrams (1MWT-ligand 

interactions). 

https://doi.org/10.33263/BRIAC161.027


https://doi.org/10.33263/BRIAC161.027  

 https://biointerfaceresearch.com/   37 of 40 

 

 

 

 

Figure S2.2. Molecular docking 2D interaction of protein (6KZX)-ligand interactions. 

Antioxidant activity (DPPH Assay) 

Table S3.1. Antioxidant activity of Reference. 

 
Table S3.2. Antioxidant activity of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-phenyl-1,3,4-

thiadiazol-2-amine (14a). 

 
Table S3.3. Antioxidant activity of (E)-5-(4-bromophenyl)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-

yl)methylene)-1,3,4-thiadiazol-2-amine (14b). 
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Table S3.4. Antioxidant activity of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-

fluorophenyl)-1,3,4-thiadiazol-2-amine (14c). 

 
Table S3.5. Antioxidant activity of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-

nitrophenyl)-1,3,4-thiadiazol-2-amine (14d). 

 
Table S3.6. Antioxidant activity of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(2-

fluorophenyl)-1,3,4-thiadiazol-2-amine (14e). 

 
Table S3.7. Antioxidant activity of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-4-

methylbenzo[d]thiazol-2-amine (15a). 

 
Table S3.8. Antioxidant activity of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-

methylbenzo[d]thiazol-2-amine (15b). 
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Table S3.9. Antioxidant activity of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-7-

fluorobenzo[d]thiazol-2-amine (15c). 

  
Table S3.10. Antioxidant activity of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-

ethoxybenzo[d]thiazol-2-amine (15d). 

 
Antioxidant activity (FRAP assay) 

Table S4.1. FRAP Assay of Reference. 

 
Table S4.2. FRAP Assay of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-phenyl-1,3,4-

thiadiazol-2-amine (14a). 

    

Table S4.3. FRAP Assay of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-fluorophenyl)-

1,3,4-thiadiazol-2-amine (14c). 
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Table S4.4. FRAP Assay of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(4-nitrophenyl)-

1,3,4-thiadiazol-2-amine (14d). 

 

Table S4.5. FRAP Assay of (E)-N-((3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)methylene)-5-(2-fluorophenyl)-

1,3,4-thiadiazol-2-amine (14e). 

 

Table S4.7. FRAP Assay of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-7-

fluorobenzo[d]thiazol-2-amine) (15c). 

 

Table S4.8. FRAP Assay of (E)-N-((5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-6-

ethoxybenzo[d]thiazol-2-amine (15d). 
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