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Abstract 

In our quest for potent antimicrobial agents, we have developed a series of 3,5-diamino-4-(2'-nitrophenylazo)-

1-aryl/heteroarylpyrazoles 5(a-g) by refluxing aryl/heteroarylhydrazines 4(a-g) with 2-[(2'-

nitrophenyl)hydrazono]malononitrile 3 in ethanol. The structural elucidation of all compounds was 

accomplished using IR, NMR (1H and 13C) and mass spectrometry analyses. Subsequently, these synthesized 

compounds were screened for their antimicrobial activity against two bacterial strains and one fungal strain. 

Remarkably, all compounds exhibited significant activity against the tested strains, displaying MIC values 

either better than or comparable to those of reference drugs. To further elucidate these findings, docking 

studies were conducted, reinforcing the substantial antibacterial and antifungal potential of the synthesized 

compounds, which in many instances surpassed that of the reference drugs. 
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Introduction 

 

Antimicrobial drugs are fundamental to contemporary healthcare. The hike and dissemination of drug-

resistant pathogens jeopardize our ability to treat frequent infections and conduct vital protocols such as 

anticancer therapy, abdominal deliveries, hip prostheses, organ replacements, and other surgical operations. 

A study indicates that by 2050, antibiotic-resistant infections could lead to 10 million fatalities each year and 

inflict economic harm similar to the 2008-2009 global financial crisis1.  

In the realm of medicinal chemistry, the pursuit of novel compounds with potent antimicrobial properties 

remains paramount in combating the ever-evolving threat of microbial infections. Pyrazole derivatives have 

garnered significant attention due to variety of pharmacological activities including anti-inflammatory2-5, 

antimicrobial6-9, anticancer10-11, antipyretic12, antidepressant13-14, protein kinase inhibitors15 etc. prompting 

researchers to explore their synthesis and biological potential extensively. Among these derivatives, 3,5-

diamino-1-aryl/heteroarylpyrazoles emerged as a promising class, exhibiting notable antimicrobial 

properties16-17 that warrant thorough investigation. The amalgamation of 3,5-diamino and 2'-nitrophenylazo 

functionalities within the pyrazole scaffold offers a unique molecular framework ripe for pharmacological 

exploration4. Such structural intricacies often confer desirable bioactivities, motivating synthetic chemists to 

devise efficient routes for their synthesis. Furthermore, the introduction of varied aryl and heteroaryl 

substituents at the 1-position of the pyrazole moiety introduces further structural diversity, potentially 

influencing both the physicochemical and biological properties of these compounds18-19. 

The present study demonstrates the synthesis, antimicrobial screening, and docking studies of a series of 

new 3,5-diamino-4-(2'-nitrophenylazo)-1-aryl/heteroarylpyrazoles. Our synthetic approach aimed at the facile 

assembly of these compounds while maintaining synthetic accessibility and structural diversity. Subsequently, 

the synthesized compounds were subjected to comprehensive antimicrobial assays to elucidate their efficacy 

against a panel of pathogenic microorganisms. Moreover, molecular docking studies were conducted to gain 

insights into the potential binding interactions between the synthesized pyrazoles and their putative biological 

targets. Computational docking provides invaluable information regarding the binding modes and affinities of 

the compounds within the active sites of target enzymes or receptors, aiding in rationalizing their observed 

biological activities and facilitating structure-activity relationship (SAR) studies. Through the integration of 

synthetic chemistry, antimicrobial evaluation, and computational docking studies, this work aims to elucidate 

the structure-activity relationships governing the antimicrobial properties of 3,5-diamino-4-(2'-

nitrophenylazo)-1-aryl/heteroarylpyrazoles. Furthermore, the findings of this study hold promise in guiding 

the rational design and development of potent antimicrobial agents to address the persistent challenges 

posed by infectious diseases. 

 

 

Results and Discussion 
 

The pathway for the synthesis of the desired molecules 3,5-diamino-4-(2'-nitrophenylazo)-1-

aryl/heteroarylpyrazoles 5(a-g) is summarised in Scheme 120-21. The precursor 2-[(2'-

Nitrophenyl)hydrazono]malononitrile 3 used for the synthesis of target compounds 5(a-g) was obtained by the 

diazotization of o-nitroaniline 1 followed by reaction with malanonitrile 2. Further reaction of 2-[(2'-

Nitrophenyl)hydrazono]malononitrile 3 with appropriate hydrazines 4(a-g) under reflux in ethanol with a 

catalytic quantity of glacial acetic acid, yielded desired compounds 3,5-diamino-4-(2'-nitrophenylazo)-1-

aryl/heteroarylpyrazoles 5(a-g) in 75-88% yield. The reaction demonstrated excellent functional group 
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tolerance, accommodating a wide range of electron-donating and electron-withdrawing groups on hydrazine.  

The substrate scope of the given methodology is highlighted in Figure 1.    
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Figure 1. Substrate Scope. 
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All the products were unambiguously characterized by an integrated use of IR, 1H, 13C NMR, mass spectra 

and elemental analyses.  The –NH2 group in compounds 5(a-g) was verified by IR spectroscopy, which 

displayed two distinct absorption peaks at 3250 cm-1 (symmetric) and 3400 cm-1 (asymmetric) attributed to 

NH2 stretching, along with the absence of the CN stretch absorption band at 2222 cm-1 from compound 3. 

Further, the peaks at 1550 and 1370 cm-1 in the IR spectra confirmed the existence of nitro group in the 

synthesized compounds 5(a-g). The 1H NMR spectra of all the compounds 5(a-g) displayed two broad singlets 

at δ 6.7 and δ 8.5 verifying the existence of two –NH2 substituents in the compounds.  

The singlets at δ 2.44 in 5d and at δ 3.84 in 5f integrated for three protons each and singlet due to six 

protons at δ 2.51 in 5g confirmed the presence of methyl, methoxy and two methyl groups in these 

compounds. The structures of compounds 5(a–d) were further validated by 13C NMR spectra, which displayed 

signals for C-3, C-4, and C-5 at approximately 151, 114-117, and 148-150 ppm, respectively.   

 

Biological assessment 

Antibacterial efficacy: The in vitro antibacterial efficacy of all the synthesized pyrazoles 5(a-g) was assessed 

using the agar well diffusion method. The screening was conducted against Staphylococcus aureus (MTCC 96) 

Gram-positive bacterium, and Escherichia coli (MTCC 1652), Gram-negative bacterium. The diameter of the 

growth inhibition zone and the minimum inhibitory concentration (MIC) of compounds 5(a-g) against the 

aforementioned bacterial strains are represented in Tables 1 and 2.   

 

Table 1. Antimicrobial range of synthesized pyrazoles 

Pyrazole Zone of inhibition (mm) 

 S. aureus E. coli Candida strain 

5a 32±0.00 24±0.10 15±0.35 

5b 35±0.20 29±0.30 19±0.20 

5c 36±0.25 30±0.45 20±0.15 

5d 33±0.55 28±0.20 18±0.35 

5e 38±0.00 32±0.50 22±0.60 

5f 35±0.40 26±0.65 17±0.45 

5g 33±0.15 27±0.15 16±0.80 

Ampicillin 32±0.55 25±0.50 - 

Fluconazole - - 17±0.50 
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Table 2. Minimum Inhibitory Concentration Assessment  

Pyrazole MIC (µg/ml) 

 S. aureus E. coli Candida strain 

5a 11 14 14 

5b 08 07 08 

5c 07 06 06 

5d 08 09 10 

5e 06 05 04 

5f 09 10 09 

5g 10 12 10 

Ciprofloxacin 10 08 - 

Fluconazole - - 09 

 

The antibacterial effectiveness of these compounds was evaluated against that of the reference antibiotic, 

Ampicillin. The findings revealed that all the compounds demonstrated excellent activity against both the 

tested strains, with MIC values ranging from 5 to 14 µg/ml. Compound 5e was found to be most active against 

both the tested bacterial strains with MIC values of 06 and 05 µg/ml, respectively against S. aureus and E. coli. 

Excellent activity, comparable to that of the reference drug ciprofloxacin, was also shown by all other 

compounds against both tested strains. 

It was observed that better activity was exhibited by compounds 5(b-f), containing the benzothiazole 

moiety, compared to compounds 5a and 5g, which possess 2,4-dinitrophenyl and 4,6-dimethylpyrimidin-2-yl 

moieties, respectively. Furthermore, among the compounds containing the benzothiazole ring, better results 

were shown by compounds 5c and 5e, having electron-withdrawing substituents (F and Cl), than the 

unsubstituted compound 5b, followed by compounds 5d and 5f with electron-releasing substituents.     

 

Antifungal Efficacy: The antifungal properties of all the compounds 5(a-g) were evaluated against a virulent 

fungal strain, Candida (MTCC 227). The diameter of the growth inhibition zones and the MIC values of 

compounds 5(a-g) against the tested fungal strain are shown in Tables 1 and 2 respectively. Fluconazole was 

used to assess the antifungal efficacy of these compounds. The findings in the tables revealed that excellent 

antifungal activity was exhibited by all the compounds against the candida strain having MIC values ranging 

between 04 and 14 µg/ml. Better potency, as compared to the reference drug, was shown by compounds 5b, 

5c, 5e, and 5f. Furthermore, as observed in the case of antibacterial activity, better inhibition was displayed by 

compounds 5(b-f), containing the benzothiazole moiety, compared to compounds 5a and 5g, which possess 

2,4-dinitrophenyl and 4,6-dimethylpyrimidin-2-yl moieties, respectively. 

 

Docking Studies 

Over the years, molecular modeling has been recognized as a vital tool in the realm of drug discovery and 

development. Molecular docking is used to determine how effectively a ligand interacts with a receptor 

molecule by adjusting the receptor's conformation22. In this study, all synthesized compounds 5a-g were 

docked with gram-positive bacteria S. aureus, gram-negative bacteria E.coli, and antifungal strain Candida 

albicans using Autodock Vina. The results were then visualized through Biovia Discovery Studio and compared 

with the reference drugs Ampicillin and Fluconazole. To prepare the protein receptor structures for docking, 

the X-ray crystal structures of S. aureus (PDB entry 4DXD)23, E.coli (PDB entry 1Q8I)24, and Candida albicans 
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(PDB entry 4YDO)25 were taken from the Protein Data Bank (https://www.rcsb.org/). Water molecules and co-

crystal ligands were removed, and polar hydrogens were added. Lastly, a grid box was created for the receptor 

proteins. After protein preparation, all synthesized compounds 5a-g and the reference drugs were successfully 

docked with the aforementioned strains. The results, in terms of dock score, are highlighted in Table 3.  

 

Table 3. Dock score of the synthesized compounds 5a-h and reference drug Ampicillin with S. aureus, E.coli 

and Candida albican 

Sr No. Compound Staphylococcus aureus 

(kcal/mol) 

E. coli 

(kcal/mol) 

Candida albican 

(kcal/mol) 

1. 5a -6.9 -7.8 -8.6 

2. 5b -8.2 -8.4 -8.8 

3. 5c -8.4 -8.7 -8.9 

4. 5d -8.0 -8.2 -8.0 

5. 5e -8.5 -8.8 -9.2 

6. 5f -7.8 -8.0 -7.9 

7. 5g -7.1 -7.4 -7.6 

8. Ampicillin -7.3 -7.2 - 

9. Fluconazole - - -6.9 

 

The results indicate that the pyrazole nucleus linked with a benzothiazole substituent 5b-f interacted more 

efficiently than the 2,4-dinitrophenyl 5a, and pyrimidine 5g substituents. Additionally, it was found that 

electron-withdrawing substituents on the benzothiazole ring increased the binding efficiency, whereas 

donating groups decreased it. Compound 5e was found to be the most effective among all the tested pyrazole 

derivatives, exhibiting strong interactions with all three strains under evaluation. These findings suggest that 

the synthesized compounds possess significant antibacterial and antifungal potential, outperforming the 

reference drugs in most cases. The results obtained were visualized using Biovia Discovery Studio. The 2D and 

3D poses of the most stable conformation of potential ligand 5c with S. aureus, E. coli, and Candida albicans 

are displayed in the Figure 2 given below. 
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Figure 2. 2D and 3D poses of compound 5c with Staphylococcus aureus, E. coli and Candida albican a) 3D pose 

of compound 5c with Staphylococcus aureus; b) 2D pose of compound 5c with Staphylococcus aureus; c) 3D 

pose of compound 5c with E. coli; d) 2D pose of compound 5c with E. coli; e) 3D pose of compound 5c with 

Candida albican; f) 2D pose of compound 5c with Candida albican. 

 

The docking analysis conducted using Biovia Discovery Studio revealed that the derivative 5f exhibited 

significant interactions with S. aureus, E. coli, and Candida albicans through various non-covalent interactions. 

Specifically, derivative 5f was found to interact with S. aureus via conventional hydrogen bonding, van der 

Waals forces, π-cation, π-sulfur, and π-alkyl interactions. Its interaction with E. coli involved conventional 

hydrogen bonding, van der Waals forces, π-sigma, amide-π stacking, and π-alkyl interactions. In the case of 

Candida albicans, the derivative engaged through conventional hydrogen bonding, π-donor hydrogen bonding, 

π-sigma, π-π stacking, and π-alkyl interactions. 

 

 

Conclusions 
 

Some newly biologically active 3,5-diamino-4-(2'-nitrophenylazo)-1-aryl/heteroarylpyrazoles 5(a-g) were 

synthesised by refluxing 2-[(2'-Nitrophenyl)hydrazono]malononitrile 3 with appropriate hydrazines 4(a-g) in 

a) b) 

f) 

 

c) 
d) 

e) 
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ethanol using glacial acetic acid as a catalyst. The antimicrobial potency of all the compounds was tested 

against three virulent strains namely S. aureus, E.coli, and Candida albicans respectively.  It was found that the 

compounds bearing benzothiazole moiety have displayed better activity than the compounds bearing 2,4-

dinitrophenyl and 4,6-dimethylpyrimidin-2-yl moieties. Further, in case of compounds possessing 

benzothiazole ring, the compounds having electron withdrawing substituents (F and Cl) have shown better 

results than the unsubstituted one followed by compounds having electron releasing substituents. Notably, all 

the compounds demonstrated substantial activity against the tested strains, achieving MIC values that were 

either superior to or on par with those of the reference drugs. Docking results revealed that the pyrazole 

nucleus linked with a benzothiazole substituent 5(b-f) interacts more efficiently than the 2,4-dinitrophenyl 5a 

and pyrimidine 5g substituents. Additionally, it was found that electron-withdrawing substituents on the 

benzothiazole ring enhance binding efficiency, while electron-donating groups decrease it. Among all the 

tested pyrazole derivatives, compound 5e was found to be the most effective exhibiting strong interactions 

with all three strains under evaluation. 

 

 

Experimental Section 
 

General. Melting points were recorded using an electrical apparatus with open capillaries and are reported 

without correction. The FTIR spectra of the compounds were obtained using Perkin Elmer Spectrum IR Version 

10.6.2 using KBr pellets (vmax in cm-1). 1H and 13C NMR spectra on a Avance III, Bruker instrument at 400 and 

100 MHz, respectively in DMSO-d6. HRMS values were recorded in the form of m/z on SCIEX TripleTOF 5600 

and 5600+/SCIEX spectrometer. 

Arylhydrazines 4a were purchased commercially. 2-[(2'-nitrophenyl)hydrazono]malononitrile26 3 and 

heteroarylhydrazines 4(b-g) were synthesized following the procedure described in the literature27-30. 

 

General method for preparing 2-[(2'-nitrophenyl)hydrazono]malononitrile 3. The o-nitroaniline (5 mmol) was 

dissolved in a mixture of water (30 mL) and hydrochloric acid (4.5 mL of 37% w/v soln). A solution of NaNO2 

(0.35 g, 5 mmol) in ice-cold water (5 mL) was added dropwise with stirring to the cooled amine solution (0-5 

°C). The diazonium salt solution so formed was then added dropwise to a solution of malononitrile (0.5 g, 7.5 

mmol) and NaOAc (12.5 g) in water (50 mL) with continuous stirring and cooling. After adding the diazonium 

salt, the reaction mixture was stirred and cooled for an additional 30 min before being placed in a refrigerator 

overnight. The following day, the precipitated hydrazone product was filtered, washed with water, and dried. 

Mp. 142 οC (Lit. 144-146 οC)26 

Standard procedure for synthesis of 3,5-diamino-4-(2'-nitrophenylazo)-1-aryl/heteroarylpyrazoles 5a-g. 2-

[(2'-Nitrophenyl)hydrazono]malononitrile 3 (1.08 g, 0.005 mol) was dissolved in 40 ml of ethanol, followed by 

the addition of an equivalent amount of the respective hydrazines 4(a-g) (0.005 mol) and 4-5 drops of acetic 

acid. The mixture was then refluxed for 2 hours. The resulting crude product was filtered and recrystallized 

from methanol to obtain pure compounds 5(a-g).  

3,5-Diamino-1-(2'', 4''-dinitrophenyl)-4-(2'-nitrophenylazo)pyrazole (5a). Mp 162 °C; Yield 75%; IR (KBr, cm-

1): 1492.05 (N=N), 3450.18 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ:  7.38-7.41 (m, 1H,), 7.62-7.65 (m, 1H), 

7.76 (m, 1H), 8.08-8.10 (m, 1H), 8.27-8.29 (m, 1H), 8.82 (m, 1H), 10.01 (s, 1H); 13C NMR (100 MHz, DMSO-d6) 

δ:110.18, 114.59, 115.98, 119.40, 123.89, 125.89, 125.98, 128.38, 130.08, 135.10, 135.84, 138.57, 149.27.; 

HRMS (m/z): 415.21 [M+1]+; Elemental analysis: Calcd. for C15H11N9O6: N, 30.50; Found: N, 30.47.  
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3,5-Diamino-1-(benzothiazol-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5b). Mp 332 °C, Yield 81%.; IR (KBr, cm-1): 

1488.92 (N=N), 3313.90, 3438.48 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 6.76 (bs, 2H, NH2, exchangeable 

with D2O), 7.37-7.46 (m, 1H), 7.49-7.53 (m, 2H), 7.71-7.75 (m, 1H), 7.89-7.97 (m, 2H), 8.05-8.06 (m, 2H), 8.58 

(bs, 2H, NH2, exchangeable with D2O); 13C NMR (100 MHz, DMSO-d6) δ:117.07, 117.55, 121.69, 122.55, 124.65, 

127.17, 128.09, 131.43, 133.52, 145.48, 149.90, 151.28; HRMS (m/z): 381.08 [M+1]+; Elemental analysis: Calcd. 

for C16H12N8O2S: N, 29.46; Found: N, 29.41. 

3,5-Diamino-1-(6''-chlorobenzothiazol-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5c). Mp 343 °C; Yield 83%; IR 

(KBr, cm-1): 1488.66 (N=N), 3313.06, 3438.64 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 6.76 (bs, 2H, NH2, 

exchangeable with D2O), 7.39-7.48 (m, 1H), 7.50-7.52 (m, 2H), 7.72-7.75 (m, 1H), 7.90-7.97 (m, 2H), 8.05-8.07 

(m, 1H), 8.58 (bs, 2H, NH2, exchangeable with D2O); 13C NMR (100 MHz, DMSO-d6) δ:117.56, 121.70, 122.57, 

124.67, 127.18, 128.11, 131.45, 133.49, 145. 48, 151.28, 161.18; HRMS (m/z): 415.21 [M+1]+ Elemental 

analysis: Calcd. for C16H11ClN8O2S : N, 27.01; Found: N, 26.98. 

3,5-Diamino-1-(6''-methylbenzothiazol-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5d). Mp 302 °C; Yield 82%; IR 

(KBr, cm-1): 1466.15 (N=N), 3446.80 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 2.44 (s, 3H, CH3), 6.49 (bs, 2H, 

NH2, exchangeable with D2O), 7.32-7.34 (m, 1H), 7.46-7.50 (m, 1H), 7.71-7.75 (m, 3H), 7.85-8.09 (m, 2H), 8.54 

(bs, 2H, NH2, exchangeable with D2O); 13C NMR (100 MHz, DMSO-d6) δ: 21.48, 117.54, 121.32, 122.22, 124.67, 

128.07, 128.45, 131.53, 133.54, 134.30, 135.96, 149.26. HRMS (m/z): 395.11 [M+1]+; Elemental analysis: Calcd. 

for C17H14N8O2S: N, 28.41; Found: N, 28.35.  

3,5-Diamino-1-(6''-fluorobenzothiazol-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5e). Mp 324 °C; Yield 88%; IR 

(KBr, cm-1): 1460.91 (N=N), 3452.76 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 6.75 (bs, 2H, NH2, 

exchangeable with D2O), 7.39-7.46 (m, 1H), 7.48-7.50 (m, 1H), 7.72-7.75 (m, 1H), 7.96-7.98 (m, 1H), 8.00-8.08 

(m, 3H), 8.55 (bs, 2H, NH2, exchangeable with D2O); HRMS (m/z): 399.07 [M+1]+; Elemental analysis: Calcd. for 

C16H11FN8O2S: N, 28.13; Found: N, 28.06.  

3,5-Diamino-1-(6''-methoxylbenzothiazol-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5f). Mp 288 °C; Yield 86%; IR 

(KBr, cm-1): 1474.71 (N=N), 3459.70 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 3.84 (s, 3H, OCH3), 6.46 (bs, 2H, 

NH2, exchangeable with D2O), 7.12-7.13 (m, 1H), 7.47-7.49 (m, 1H), 7.67-7.75 (m, 3H), 7.85-8.09 (m, 2H), 8.50 

(bs, 2H, NH2, exchangeable with D2O); HRMS (m/z): 411.09 [M+1]+; Elemental analysis: Calcd. for C17H14N8O3S: 

N, 27.30; Found: N, 27.23. 

3,5-Diamino-1-(4'',6''-dimethylpyrimidin-2''-yl)-4-(2'-nitrophenylazo)pyrazole (5g). Mp 352 °C; Yield 80%; IR 

(KBr, cm-1): 1464.74 (N=N), 3253.82, 3451.55 (NH2 str.); 1H NMR (400 MHz, DMSO-d6) δ: 2.51 (s, 6H, CH3), 7.06 

(s, 1H), 7.48-7.56 (m, 1H), 7.76-7.78 (m, 1H). 7.96-8.05 (m, 1H). 8.45-8.46 (m, 1H). HRMS (m/z): 354.14 [M+1]+; 

Elemental analysis: Calcd. for C15H15N9O2 : N, 35.68; Found: N, 35.59. 

Evaluation of antibacterial activity: initial screening   

The antimicrobial activity was determined using the agar well diffusion method31. A 24 h bacterial culture in 

broth was diluted with sterilized water to obtain a proportion of about 108 colony forming units (CFU/ml). Six 

to eight equidistant wells, each 7 mm wide, were punched in each plate by means of a sanitized cork borer. 

The compounds under testing were solubilized in Dimethyl Sulfoxide (DMSO) before being evaluated for their 

antimicrobial effects. Each well was injected with 1 ml of the test solution at a concentration of 1 mg/ml. The 

plates were maintained at 37 °C for 48 h. Antimicrobial efficacy was assessed by gauging the zones of bacterial 

growth inhibition around the wells following 24 and 48 hours. Ampicillin and Chloramphenicol (10 μg/ml) were 

used as positive antibacterial controls, while DMSO served as the negative control.  

Assessment of the minimum inhibitory concentration (MIC) 

The MIC of each compound, which produced a zone of antimicrobial activity at a concentration of 1 mg/ml, 

was also assessed using an adapted agar well diffusion technique32-33. Various concentrations of a single 
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compound, extending from 1000 to 1 μg/ml, were dispensed into several wells on the agar plates. 1 ml of each 

dilution was pipetted into the wells. All test plates were then maintained at 37°C for 48 hours. The 

concentration of each compound that produced a clear inhibition zone was designated as the MIC. The 

measurements were conducted in triplicate, and the outcomes were averaged.  

In-vitro antifungal screening  

Agar-well diffusion method was employed to assess the antifungal efficacy of the titled compounds34. The 

molds were cultivated on Potato Dextrose Agar (PDA) at 25°C for a week and used as inocula. Fifteen millilitres 

of molten PDA (at 45°C) were mixed with 50 µl of each compound was dispensed into sterilized petri dishes 

and allowed to solidify at room temperature. The compounds under testing as well as standards were 

solubilized in DMSO to obtain a concentration of 2000 µg/ml. Double dilutions of the compounds from this 

stock solution were applied to the corresponding wells. 8 mm fungal discs from actively growing cultures were 

placed in the centre of the solidified poisoned agar plates, which were then maintained at 25°C for 7 days. 

DMSO served as the negative control, while Fluconazole was utilized as the reference standard. The 

investigations were carried out in triplicate. 

 

 

Supplementary Material 
 

Copies of 1H, 13C NMR and HRMS of compounds 5a-g are available in the Supplementary Material file 

associated with this manuscript. 
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