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ABSTRACT 

Introduction and aim. The synthesis of heterocyclic compounds containing oxygen and nitrogen is 

profoundly intriguing due to their mechanistic implications in both research and development within 

organic chemistry and drug discovery. The primary aim of this study is to fabricate a range of 

pharmacologically active drugs containing the isoxazole moiety.  

Material and methods. The synthesis of new derivatives of isoxazole was achieved through a one-pot 

condensation reaction of 2-[(Substituted phenyl)hydrazono]malononitrile (1) and 3-[(Substituted 

phenyl)azo]-2,4-Pentanedione (2) with sodium acetate and hydroxylamine hydrochloride (1:1) in ethanol. 

All the compounds were screened for their in vitro antibacterial activity, in vitro antioxidant and anticancer 



 

 
 

activity. The synthesized compounds underwent characterization through FTIR, 1H NMR, and 13C NMR 

analyses, supported by mass spectral data and elemental analysis. 

Results. A set of novel isoxazole derivatives was synthesized with a favorable yield. Among compounds 

1d, 1e, 2c, 2d, and 2e exhibited notable antioxidant activities. Compounds 1a, 1b, and 1c demonstrated 

significant anticancer potential against prostate cancer [PC3] cell lines compared to normal HEK cell lines, 

while 2a displayed the highest inhibitory zone against Escherichia coli. 

Conclusion. Novel compounds with multifaceted biological activities have been successfully designed, and 

a synthetic route to create isoxazole derivatives has been devised and verified. 

Keywords. isoxazole, pathogenic bacterial, antibacterial, antioxidant activity and anticancer potential  

 

Introduction 

For researchers worldwide, addressing bacterial infectious diseases remains an extremely vital and 

challenging issue.1 Despite the invention of numerous novel antimicrobial drugs, their clinical efficacy 

remains limited in treating a growing number of life-threatening viral infections. This limitation arises from 

their high toxicity risk and the potential for developing drug resistance through gene sequence alterations.2-

3  

Isoxazole, along with numerous other heterocyclic compounds, holds a broad spectrum of pharmaceutical 

applications (Fig. 1).  

 

Fig. 1. Graphical abstract depicting the activity of isoxazole compounds 

 

Exploring techniques for the development and synthesis of various heterocyclic-containing isoxazole 

scaffolds and their applications holds great importance in the realm of medicinal chemistry. Heterocyclic 

compounds, including isoxazole, are meticulously examined for their pharmacological actions and have 

emerged as significant pharmacophores.4-6 These compounds exhibit a wide range of therapeutic uses, 



 

 
 

including anti-inflammatory effects, CNS depressant properties, antimicrobial activity, analgesic effects, 

anti-cancer properties, antioxidant properties, anti-tubercular activity, and various other biological activities 

such as GABA (γ-aminobutyric acid) agonistic activity, antihypertensive activity, and inhibitory activity.7-

23 Isoxazole plays a crucial role in synthesizing numerous natural and artificial compounds. Additionally, 

researchers have demonstrated various biological activities of different types of azole-based heterocyclic 

compounds, underscoring their medicinal significance (Fig. 2). The presence of diverse functional groups, 

such as amides, azoles, and alkyl groups, linked to the basic pharmacophoric unit structure, results in 

different modes of action that may be beneficial for treating microbial infections.24  

 

Fig. 2. Isoxazole contained drug 

 

Based on these observations and our work related to isoxazole synthesis, spectroscopy, and biological 

studies, this study aimed to evaluate the antioxidant, anti-cancer, and antibacterial activities of a series of 

novel isoxazole compounds.  

 

Aim 

In this research article, we conducted the synthesis of isoxazole derivatives and evaluated the antibacterial, 

antioxidant and anticancer activities of a series of novel isoxazole compounds.  

 

Material and methods 

Thin layer chromatography (TLC) was employed to ensure the completeness and purity of the reactions. 

Infrared (IR) spectra were acquired using a DRS probe on a SHIMADZU-FTIR-8400 spectrophotometer, 

covering frequencies ranging from 4000 to 400 cm⁻¹. NMR spectra were recorded on a BRUKER AVANCE 

II spectrometer at 500 MHz for both 1H and 13C nuclei, with DMSO-d6 serving as the solvent and TMS as 



 

 
 

the internal standard. Mass spectra were obtained using a direct intake probe on the mass spectrometer. 

Compounds utilized in this study were provided by Merck and Spectrochem Chemical companies, and all 

obtained compounds were of reagent grade. Additionally, all solvents were freshly distilled prior to use.  

 

Experimental section 

General protocol for the synthesis of hydrazone 2-[(Substituted Phenyl)hydrazono]malononitrile (1) (SMN) 

and 3-(substituted phenylazo)-2,4-pentanedione (2) (SPD) 

The diazotization of various -o, -m, -p-substituted anilines is followed by in situ condensation with 

malononitrile and acetylacetone in the presence of sodium acetate, yielding the intermediates 2-[(substituted 

phenyl)hydrazono]malononitrile (1) (SMN) and 3-(substituted phenylazo)-2,4-pentanedione (2) (SPD). 

Diazotization is a process wherein an amine group (-NH2) is converted into a diazonium salt by treatment 

with sodium nitrite (NaNO2). After diazotization, the diazonium salt reacts with malononitrile (cyanoacetic 

acid) within the same reaction vessel. In a separate step, the diazonium salt reacts with acetylacetone (also 

known as 2,4-pentanedione). Both end products, 2-[(substituted phenyl)hydrazono]malononitrile (1) 

(SMN) and 3-(substituted phenylazo)-2,4-pentanedione (2) (SPD), serve as versatile intermediates that can 

be utilized in other synthetic transformations to generate alternative compounds with desired properties.25 

 

Fig. 3. Synthesis of compound (1a-e) and (2a-e) 

 

General process for the synthesis of isoxazole (1a-e) and (2a-e) 

Furthermore, treatment of 2-[(substituted phenyl)hydrazono]malononitrile (SMN) (1) (0.94 g, 5 mmol) and 

3-(substituted phenylazo)-2,4-pentanedione (SPD) (2) (5 mmol) with hydroxylamine hydrochloride and 

sodium acetate (1:1) in refluxing ethanol yielded compounds (1a-e) and (2a-e) as exclusive products (Fig. 

3). The reaction mixture was stirred for 5-6 hours at 60–70°C and monitored by TLC. Upon completion, 

the reaction was quenched with ice-cold water. The crude product (15 mL) was then extracted with 

chloroform, and the organic layer was washed with water before being evaporated in a rotary evaporator to 

obtain the solid component. Subsequently, the product underwent recrystallization in ethanol for 



 

 
 

purification. The physicochemical characterization is presented in Table 1, and Figure 4 and 5 illustrate the 

synthesis mechanisms.  

 

Fig. 4. Mechanism of synthetic path of compounds (1a-e) 

Fig. 5. Mechanism of synthetic path of compounds (2a-e) 

 

3,5-Diamino-4-(4'-bromophenylazo) isoxazole (1a) (Fig. 6) 

 

Fig. 6. 3,5-Diamino-4-(4'-bromophenylazo) isoxazole (1a) 

 

Yield: 81%; IR (νmax,cm−1): 3420, 3234(NH2), 1610(C=C), 1391(N=N), 616(C-Br); (IR spectrum of 

compound in Figure S1); 1H NMR (500 MHz, DMSO-d6) δ 7.61(d, 2H), 7.72 (d,2H), 6.15(s, 2H, D2O 

exchangeable), 8.32(s, 2H, D2O exchangeable), 13C NMR (500 MHz, DMSO) δ 105.11, 120.25, 122.66, 

131.14, 131.70, 150.12, 151.86, MS (EI): [M+1]+ and [M+1+2]+ 283.96, 284.96. Anal. Calcd. For 

C9H8BrN5O: C, 38.32; H, 2.86; N, 24.83; Found: C, 38.31; H, 2.85; N, 24.79. (1H-NMR data is shown in 

Figure S11, 13C- NMR data is shown in Figure S21, D2O exchange data shown in Figure S26, mass spectrum 

in Figure S28 and elemental analysis shown in Figure S33). 



 

 
 

 

3,5-Diamino-4-(3'-chlorophenylazo) isoxazole (1b) (Fig. 7) 

 

Fig. 7. 3,5-Diamino-4-(3'-chlorophenylazo) isoxazole (1b) 

 

Yield: 85%; IR (νmax,cm−1): 3408, 3242(NH2), 1625(C=C), 1370(N=N), 631(C-Cl); (IR spectrum of 

compound in Figure S2); 1H NMR (500 MHz, DMSO-d6) δ 7.87(s,1H), 7.72  (d,1H), 7.48(d,1H), 

7.3(dd,1H), 6.25(s, 2H, D2O exchangeable), 8.41(s, 2H, D2O exchangeable), 13C NMR(500 MHz, DMSO) 

δ 107.14, 126.92, 128.81, 129.11, 130.08, 130.24, 132.24, 155.12, 161.9, MS(EI): [M+1]+ and [M+1+2]+, 

m/z, 238.95, 239.95. Anal. Calcd. For C9H8ClN5O: C, 45.49; H, 3.39; N, 29.47; Found: C, 46.12; H, 3.05; 

N, 29.14 (1H-NMR data is shown in Figure S12).  

 

3,5-Diamino-4-(4'-fluorophenylazo) isoxazole (1c) (Fig. 8) 

 

Fig. 8. 3,5-Diamino-4-(4'-fluorophenylazo) isoxazole (1c) 

 

Yield: 82%; IR (νmax,cm−1): 3420, 3242(NH2), 1610(C=C), 1395(N=N), 609(C-F); (IR spectrum of 

compound in Figure S3);  1H NMR(500 MHz, DMSO-d6) δ 7.80(d, 2H), 7.26 (d,2H), 6.11(s, 2H, D2O 

exchangeable), 8.29(s, 2H, D2O exchangeable), 13C NMR (500 MHz, DMSO) δ 107.62, 115.58, 116.10, 

116.27, 122.48, 149.55, 162.48 MS(EI):[M+1]+, m/z, 221.09. Anal. Calcd. For C9H8FN5O: C, 48.87; H, 

3.65; N, 31.66; Found: C, 48.42; H, 3.55; N, 30.92. (1H-NMR data is shown in Figure S13, 13C- NMR data 

is shown in Figure S22, D2O exchange data shown in Figure S27, mass spectrum in Figure S29). 

 

3,5-Diamino-4-(2'-bromophenylazo) isoxazole (1d) (Fig. 9) 

 



 

 
 

Fig. 9. 3,5-Diamino-4-(2'-bromophenylazo) isoxazole (1d) 

 

Yield: 78%; IR (νmax,cm−1): 3397, 3234 (NH2), 1618 (C=C), 1469(N=N), 624(C-Br); (IR spectrum of 

compound in Figure S4); 1H NMR(500 MHz, DMSO-d6) δ 7.81(d, 1H), 7.72 (dd,1H), 7.58(dd,1H), 

7.20(d,1H), 6.45(s, 2H, D2O exchangeable), 8.51(s, 2H, D2O exchangeable), 13C NMR (500 MHz, DMSO) 

δ 102.52, 117.41, 127.71, 128.12, 131.0, 131.6, 131.9, 150.21, 158.9, MS (EI): [M+1]+ and [M+1+2]+, 

283.96, 284.96. Anal. Calcd. For C9H8BrN5O: C, 38.32; H, 2.86; N, 24.83; Found: C, 38.24; H, 2.91; N, 

24.72. (1H-NMR data is shown in Figure S14 and elemental analysis shown in Figure S34). 

 

3,5-Diamino-4-(2'-chlorophenylazo) isoxazole (1e) (Fig. 10) 

 

Fig. 10. 3,5-Diamino-4-(2'-chlorophenylazo) isoxazole (1e) 

 

Yield: 81%; IR (νmax,cm−1): 3412, 3264 (NH2), 1632 (C=C), 1506(N=N), 602(C-Cl); (IR spectrum of 

compound in Figure S5);  1H NMR(500 MHz, DMSO-d6) δ 7.81(d,1H), 7.72(dd,1H), 7.57(dd,1H), 

7.28(d,1H), 6.43(s, 2H, D2Oexchangeable), 8.50(s, 2H, D2O exchangeable), 13C NMR(500 MHz, DMSO) 

δ 105.12, 126.81, 128.47, 128.88, 130.29, 130.34, 134.37, 152.21, 158.91, MS(EI): [M+1]+and [M+1+2]+, 

m/z, 238.95, 239.95. Anal. Calcd. For C9H8ClN5O: C, 45.49; H, 3.39; N, 29.47; Found: C, 45.92; H, 3.35; 

N, 29.24. (1H-NMR data is shown in Figure S15). 

 

3,5-Dimethyl-4-(2'-chloro-4'-nitrophenylazo) isoxazole (2a) (Fig. 11) 

 

Fig. 11. 3,5-Dimethyl-4-(2'-chloro-4'-nitrophenylazo) isoxazole (2a) 

 

Yield: 91%; IR (νmax,cm−1): 2915, 2896(C-H), 1610 (N=N), 1545(C=C), 1403(N-O), 672(C-Cl); (IR 

spectrum of compound in Figure S6); 1H NMR(500 MHz, DMSO-d6) δ 2.51 (s, 3H), 2.84(s,3H), 

7.88(d,1H), 8.31(d,1H), 8.53(s,1H); 13C NMR(500 MHz, DMSO) δ 11.47, 11.64, 118.05, 123.41, 125.80, 



 

 
 

133.28, 133.52, 148.35, 151.50, 152.49, 173.31, MS(EI): [M+1]+ and [M+1+2]+, m/z, 281.04, 282.04. Anal. 

Calcd. For C11H9ClN4O3: C, 47.07; H, 3.23; N, 19.96; Found: C, 47.11; H, 3.29; N, 19.94. (1H-NMR data 

is shown in Figure S16, 13C- NMR data is shown in Figure S23, and elemental analysis shown in Figure 

S35). 

 

3,5-Dimethyl-4-(3'-nitrophenylazo) isoxazole (2b) (Fig. 12) 

 

Fig. 12. 3,5-Dimethyl-4-(3'-nitrophenylazo) isoxazole 

 

Yield: 86%; IR (νmax,cm−1): 2923, 2856(C-H), 1603(N=N), 1491(C=C), 1405(N-O); (IR spectrum of 

compound in Figure S7); 1H NMR(500 MHz, DMSO-d6), δ 2.50(s, 1H), 2.82 (s,3H), 7.89(dd,1H), 

8.26(d,1H), 8.39(d,1H), 8.52(s,1H); 13C NMR(500 MHz, DMSO) 11.14, 11.43, 112.25, 123.21, 128.12, 

131.24, 134.92, 148.32, 155.50, 156.39, 163.31, MS(EI):[M+1]+, m/z, 247.05. Anal. Calcd. For 

C11H10N4O3: C, 53.66; H, 4.09; N, 22.75; Found: C, 54.19; H, 4.91; N, 22.12. (1H-NMR data is shown in 

figure-S17, mass spectrum in Figure S30). 

 

3,5-Dimethyl-4-(2'-fluoro-4'-methylphenylazo) isoxazole (2c) (Fig. 13) 

 

Fig. 13. 3,5-Dimethyl-4-(2'-fluoro-4'-methylphenylazo) isoxazole (2c) 

 

Yield: 83%; IR (νmax,cm−1): 2915, 2856(C-H), 1640(N=N), 1503(C=C), 615(C-F); (IR spectrum of 

compound in Figure S8); 1H NMR(500 MHz, DMSO-d6) δ2.40(s,3H), 2.50(s,3H), 2.75 (s,3H), 7.10(d,1H), 

7.30(d,1H), 7.6(s,1H); 13C NMR(500 MHz, DMSO) δ 11.16, 11.43, 117.10, 117.25, 125.43, 132.21, 143.99, 

152.72, 157.80, 159.83, 170.08; MS(EI):[M+1]+, m/z, 234.12. Anal. Calcd. For C12H12FN3O: C, 61.79; H, 

5.19; N, 18.02; Found: C, 61.19; H, 4.91; N, 18.11. (1H-NMR data is shown in figure-S18, 13C- NMR data 

is shown in Figure S24, mass spectrum in Figure S31 and elemental analysis shown in Figure S36). 

 

3,5-Dimethyl-4-(2'-fluoro-3'-chlorophenylazo) isoxazole (2d) (Fig. 14) 



 

 
 

 

Fig. 14. 3,5-Dimethyl-4-(2'-fluoro-3'-chlorophenylazo) isoxazole (2d) 

 

Yield: 82%; IR (νmax,cm−1): 2976, 2861(C-H), 1570 (N=N), 1488(C=C), 608(C-F), 561(C-Cl); (IR spectrum 

of compound in Figure S9); 1H NMR(500 MHz, DMSO-d6) δ2.45 (s, 3H), 2.78(s,3H), 7.35(d,1H), 

7.65(dd,1H), 7.75(d,1H); 13C NMR (500 MHz, DMSO) δ 11.35, 11.52, 117.48, 120.71, 122.91, 131.62, 

149.11, 152.62, 157.14, 159.14, 170.82; MS(EI):[M+1]+, [M+1+2]+ m/z, 254.06, 256. 06. Anal. Calcd. For 

C11H9ClFN3O: C, 52.09; H, 3.58; N, 16.57; Found: C, 51.90; H, 4.11; N, 16.12. (1H-NMR data is shown in 

Figure S19, mass spectrum in Figure S32). 

 

3,5-Dimethyl-4-(3'-chloro-4'-fluorophenylazo) isoxazole (2e) (Fig. 15) 

 

Fig. 15. 3,5-Dimethyl-4-(3'-chloro-4'-fluorophenylazo) isoxazole (2e) 

 

Yield: 88%; IR (νmax,cm−1): 2923, 2841(C-H), 1598 (N=N), 1496(C=C), 615(C-F), 578(C-Cl); (IR spectrum 

of compound in Figure S10); 1H NMR(500 MHz, DMSO-d6) δ2.47(s, 3H), 2.78(s,3H), 7.60(dd,1H), 

7.85(dd,1H), 8.0(dd,1H); 13C NMR(500 MHz, DMSO) δ 11.25, 11.54, 117.68, 120.86, 123.64, 131.62, 

149.08, 152.72, 157.34, 159.34, 170.90; MS(EI):[M+1]+, [M+1+2]+ m/z, 254.06, 256. 06. Anal. Calcd. For 

C11H9ClFN3O: C, 52.09; H, 3.58; N, 16.57; Found: C, 52.12; H, 3.51; N, 17.02. (1H-NMR data is shown in 

Figure S20, 13C- NMR data is shown in Figure S25 and elemental analysis shown in Figure S37). 

 

Table 1. Physiochemical properties of compound (1a-e) and (2a-e)  

Cod

e 

R1 

 

R2 

 

R3 

 

R4 

 

Molecular 

formula 

Molecul

ar 

weight 

Meltin

g 

point 

Color Physic

al 

State 

1a -H -H -Br -H C9H8BrN5O 282.10 152°C brown solid 



 

 
 

 

Biological evaluation  

Anti-bacterial activity 

The agar-well diffusion technique was used to evaluate the antimicrobial activity.26 The agar plates were 

used to test the antibacterial activity of isolated compounds against the tested microorganisms. By using a 

sterile cork borer, a plate was punched with a diameter of 6 to 8mm. Four pathogenic bacterial strains—

two Gram-positive [Staphylococcus aureus (MTCC 96) and Bacillus subtilis (MTCC 121)] and two Gram-

negative [Escherichia coli (MTCC 1652) and Pseudomonas fluorescens (MTCC 741)]—with a volume of 

100µl inoculum were spread over the Petri plates. The diluted compound, having a concentration of up to 

20 to 100 µM, was suspended inside the wells. In a BOD incubator, the plates were incubated for 24 hours 

at 37°C. Antibacterial activity was interpreted based on the diameter of the zone of inhibition, which was 

measured in millimeters (mm). The reference antibiotics used were bacitracin and chloramphenicol. 

 

Anti-oxidant activity by DPPH radical scavenging assay 

The in vitro antioxidant potential of synthesized compounds was evaluated using the 1,1-diphenyl-2-picryl 

hydrazide (DPPH) radical scavenging method.27 For the stock solution, a total of 24 mg of DPPH was 

dissolved in 100 ml of ethanol. Ethanol filtering of the DPPH stock solution produced an effective 

combination with an absorbance of about 0.973 at 517 nm. Used a 3 mL DPPH solution, and introduced 

100 µl of varying concentrations of the test compound (20, 40, 60, 80, and 100 µM) in ethanol. After 30 

minutes of rt incubation, the absorbance was measured at 517 nm against a blank.   

The percentage inhibitions were calculated using the following formula: DPPH scavenging activity (%)  

 

1b -H -Cl -H -H C9H8ClN5O 237.65 158°C light 

brown 

solid 

1c -H -H -F -H C9H8FN5O 221.20 156°C light 

brown 

solid 

1d -Br -H -H -H C9H8BrN5O 282.10 148°C yellow solid 

1e -Cl -H -H -H C9H8ClN5O 237.65 159°C yellow solid 

2a -Cl -H -NO2 -H C11H9ClN4O3 280.67 162°C yellow solid 

2b -H -NO2 -H -H C11H10N4O3 246.23 168°C yellow solid 

2c -F -H -CH3 -H C12H12FN3O 233.25 172°C yellow solid 

2d -F -Cl -H -H C11H9ClFN3O 253.66 178°C yellow solid 

2e -H -Cl -F -H C11H9ClFN3O 253.66 170°C yellow solid 



 

 
 

where A is the absorbance of the test compound and Acontrol is the absorbance of the control reaction (which 

contains all the reagents save the test compound). 

 

Anti-cancer activity 

Materials 

Fetal Bovine Serum (FBS), Dulbecco's Modified Eagle Medium (DMEM), Roswell Park Memorial 

Institute (RPMI)-1640 medium, and antibiotic solutions (100 units/ml penicillin and 10 µM streptomycin) 

were provided by HiMedia Laboratories Pvt. Ltd., Mumbai, India. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide] and all other chemical and reagent with analytical grade were used in 

different experiments.   

 

Cell culture 

The PC3 cell line (derived from a metastatic site: bone) representing human prostate cancer and human 

embryonic kidney (HEK-293) cells were procured from the National Centre for Cell Science (NCCS) 

located in Pune, India. PC-3 cells were nurtured in RPMI-1640 medium, while HEK-293 cells were 

cultivated in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin antibiotic solution. Cells 

were grown at 37°C in a 5% CO2 culture condition. 

 

Drug treatment 

The stock solutions of various compounds at a concentration of 1M were prepared using DMSO as the 

solvent. The initial stock was further diluted into millimolar concentrations, and the ultimately specified 

final concentration for cell treatment was directly diluted into the culture media. For vehicle control, 0.1% 

DMSO in media was used. 

 

MTT [3-(4,5-Methylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] assay 

The cytotoxicity of different substances on normal human embryonic kidney (HEK) and prostate cancer 

(PC3) cells was assessed using the MTT assay. In 96-well plates, cells were seeded at a density of 2.5×103 

for 24 hours and then left to re attach for another 24 hours. Different chemical concentrations, ranging from 

5 µM to 640 μM, were applied to the cells. The media was changed after the treatment period of 24 hours 

to new media containing 100 μg of MTT per well, and it was incubated for 4 hours at 37°C.  

After the removal of the media, to dissolve the purple formazan crystal, 100 μL of DMSO was added to 

each well. The absorbance was measured at 595 nm using an ELISA reader (Bio-Rad). Cell viability was 

calculated by using the following formula: 

 



 

 
 

Statistical analysis 

GraphPad prism 8 [GraphPad software, Inc., La Jolla. GA] was used for statistical analysis. Ordinary One-

way ANOVA [Analysis for variance] was employed for checking the statistical significance of the results. 

All sample were analyzed in triplicate and expressed as mean± SD for n=3. The p value determined the 

level of significance at different. The p<0.0001 (****) were regarded as highly significant. 

 

Results and discussion 

Chemistry 

The synthetic pathways selected for the preparation of key intermediates, 2-[(substituted 

phenyl)hydrazono]malononitrile (1) and 3-[(substituted phenyl)azo]-2,4-pentanedione (2), as well as the 

target compounds (1a-e) and (2a-e), are outlined in Figure 3, with Figures 4 and 5 illustrating the 

mechanisms of the synthetic paths. In Figure 3, the reaction of 2-[(substituted 

phenyl)hydrazono]malononitrile (1) and 3-[(substituted phenyl)azo]-2,4-pentanedione (2) with 

hydroxylamine hydrochloride and sodium acetate in a 1:1 ratio yielded isoxazoles (1a-e) and (2a-e) in good 

yields (75-91%). The infrared (IR) spectrum of the novel isoxazole analogues (1a-e) and (2a-e) revealed 

distinctive absorption bands indicative of specific functional groups. Notably, the NH2 groups exhibited 

symmetric stretching at 3397 cm-1 and asymmetric stretching at 3264 cm-1, while the CH3 groups 

demonstrated symmetric stretching at 2915 cm-1 and asymmetric stretching at 2896 cm-1. These absorption 

peaks provided valuable insights into the molecular composition and structural characteristics of the 

compounds under investigation. The stretching frequency resulting from the azo group gave rise to a 

prominent absorption band in the range of 1410 to 1490 cm-1, while absorption bands associated with C=C 

stretching manifested within the range of 1610 to 1632 cm-1.  

The disappearance of two singlet peaks in compounds (1a-e) and the emergence of two singlet peaks at δ 

6.12-8.51 ppm, corresponding to two NH2 protons, were confirmed by the 1H NMR and D2O exchangeable 

spectra of the respective isoxazoles. In the new isoxazole ring (2a-e), two substituted methyl groups 

appeared as singlet peaks, each representing three protons with intensity at δ 2.45-2.84 ppm in the 1H NMR 

spectra. All compounds exhibited a proton signal in the range of δ 7.11 to 8.52 ppm for the substituted 

phenyl ring with various functional groups. Additionally, the 13C NMR spectra of (1a-e) and (2a-e) were 

observed in the range of δ 105.12-173.12, with methyl carbon in (2a-e) appearing at δ 11.16-11.64 ppm.   

 

Antibacterial activity assessment 

The results revealed that all the compounds exhibited a moderate level of antibacterial activity against the 

four tested pathogenic bacterial strains B. subtilis (MTCC 121) and S. aureus (MTCC 96), P. fluorescens 

(MTCC 741) and E. coli (MTCC 1652). Compound 2a demonstrated the highest level of activity against E. 

coli (20 mm), compound 1d demonstrated the lowest level of activity against P. fluorescens (11 mm), and 



 

 
 

compound 1e demonstrated the least amount of activity against B. subtilis. There was no evidence of 

inhibition observed in the negative control (DMSO). All the compounds showed significant inhibition of 

growth in the tested microorganisms at a concentration of 100 µM. The potency of all compounds was 

compared with the reference drugs bacitracin and chloramphenicol. Bacitracin exhibited the largest zone of 

inhibition at 28 mm against both P. fluorescens and E. coli. Meanwhile, chloramphenicol demonstrated the 

highest zone of inhibition at 30 mm, particularly against E. coli. Table 2 indicates the zone of inhibition, 

while Figure 16 illustrates the antibacterial activity graph of compounds (1a-e) and (2a-e).  

 

Table 2. Zone of inhibition of antibacterial activity of compound (1a-e) and (2a-e) 

  Gram positive bacteria Gram negative bacteria 

  B. subtilis S. aureus P. fluorescens E. coli 

Compound 

Zone of 

inhibition 

(mm) 

Zone of 

inhibition 

(mm) 

Zone of 

inhibition 

(mm) 

Zone of 

inhibition 

(mm) 

1a 14.14±0.16 18.11±0.16 12.25±0.34 17.14±0.16 

1b 13.15±0.19 13.14±0.16 16.22±0.22 12.16±0.20 

1c 16.22±0.24 16.18±0.21 12.36±0.34 17.16±0.24 

1d 12.17±0.22 14.16±0.19 11.33±0.40 18.21±0.26 

1e 11.23±0.27 14.16±0.21 12.25±0.29 16.17±0.26 

2a 16.26±0.29 18.20±0.31 14.32±0.29 20.14±0.17 

2b 19.24±0.27 15.25±0.29 15.32±0.34 16.22±0.21 

2c 15.17±0.19 14.18±0.19 12.43±0.48 15.14±0.16 

2d 14.2±0.25 15.22±.29 14.22±0.29 18.13±0.14 

2e 16.21±0.21 14.26±0.29 16.43±0.38 19.15±0.18 

Bacitracin 25.16±0.20 26.18±.24 28.34±0.35 28.18±0.26 

Chloramphenicol 26.13±0.16 23.25±0.37 27.44±0.44 30.18±0.19 

 



 

 
 

 

Fig. 16. Antibacterial activity graph of isoxazole derivative (1a-e) & (2a-e). Data are means ± SD from 

three independent experiments 

 

Antioxidant activity 

The newly synthesized compounds were also evaluated for their antioxidant properties using 1,1-diphenyl-

2-picryl hydrazide (DPPH). All the compounds exhibited good radical-scavenging activity, but compounds 

1d, 1e, 2c, 2d, and 2e demonstrated a particularly strong range of radical scavenging activity at the 

concentration of 20, 40, 60, 80,100 µM compared to the others (Fig. 17). The percentage of DPPH activity, 

calculated using the reported formula, was 33.19%, 22.23%, 36.51%, 28.22%, and 36.04%, respectively. 

Color variations were observed in the tested compounds after a 30-minute incubation with a DPPH-

containing solution. Figure 17 illustrates the antioxidant activity graph of the isoxazole derivatives (1a-e) 

and (2a-e).  
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Fig. 17. Anti-oxidant activity graph of isoxazole derivative (1a-e) & (2a-e). Data are means ± SD from 

three independent experiments 

 

Anticancer activity 

Compounds 1a, 1b, 1c, and 1d were assessed for their anticancer activity against PC3 and HEK cell lines 

at various concentrations ranging from 10 μM to 640 μM, among all the synthesized compounds. Across 

different dosages of drug treatments, these tested compounds consistently demonstrated greater inhibition 

of cancer cell lines compared to normal cells (Figures 17-20). Notably, these compounds exhibited their 

maximum inhibitory effect on normal cells only at higher doses, specifically at 640 μM, while 

demonstrating an effect on cancer cell lines at lower doses. The IC50 values of compounds 1a, 1b, 1c, and 

1d are presented in Table 3.  

 

Fig. 17. Effect of different doses of 1a compound on cell viability of prostate cancer; and effect of different 

doses of 1a compound on cell viability of normal human embryonic kidney cells (HEK)  
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Fig. 18. Effect of different doses of 1b compound on cell viability of prostate cancer; and effect of 

different doses of 1b compound on cell viability of normal human embryonic kidney cells (HEK) 

 

Fig. 19. Effect of different doses of 1c compound on cell viability of prostate cancer; and effect of 

different doses of 1c compound on cell viability of normal human embryonic kidney cells (HEK) 

 



 

 
 

 

Fig. 20. Effect of different doses of 1d compound on cell viability of prostate cancer; and effect of different 

doses of 1d compound on cell viability of normal human embryonic kidney cells (HEK) 

 

Table 3. The IC50 value of compound 1a, 1b, 1c, and 1d 

Compound IC50 (μM) 

 PC3 HEK 

(1a) 3, 5-Diamino-4-(4'-bromophenylazo) isoxazole 

           

53.96±1.732 41.24±1.881 

(1b) 3, 5-Diamino-4-(3'-chlorophenylazo) isoxazole 

           

47.27±1.675 42.10±1.46 

(1c) 3, 5-Diamino-4-(4'-fluorophenylazo) isoxazole 

           

147.9±2.170 66.13±2.073 

(1d) 3,5-Diamino-4-(2'-bromophenylazo) isoxazole 

        

38.63±1.587 103.1±1.900 

Doxorubicin 0.09±0.014 171.65±2.65 



 

 
 

  

SAR analysis 

The isoxazole heterocycle exhibits significant pharmacological activities, particularly as an anticancer 

agent, as highlighted in recent research findings concerning this fundamental structure.28 This observation 

is corroborated by evidence that the isoxazole heterocycle serves as a crucial pharmacophore for 

antiproliferative activities. Furthermore, the effectiveness of these activities is notably enhanced when the 

phenyl ring is substituted with halogens, specifically fluorine (F), bromine (Br), and/or chlorine (Cl).29-30 In 

our study, all analogues with electron withdrawing groups such as -F, -Cl, and -Br demonstrated anticancer 

effects against experimental cancer cell lines. Among these, in the PC3 cell line, the ortho-substituted 

analogue 1d exhibited the most potent cytotoxic effects, followed by the meta-substituted 1b and then the 

para-substituted 1a and 1c. Among the para-substituted analogs, 1a and 1c, the bromine-substituted 

analogue showed greater cytotoxic effects compared to the fluorine-substituted analogue. In the HEK cell 

line, the para-substituted analogue 1a showed superior anticancer effects compared to the meta-substituted 

1b, followed by the ortho-substituted 1d. However, among the para-substituted analogs, 1a and 1c, the 

bromine-substituted analogue demonstrated greater cytotoxic effects compared to the fluorine-substituted 

analogue, similar to what was observed in the PC3 cell line. It appears that the size, position, and electronic 

effects of the substituents play an important role in determining activity. 

 

Conclusion 

In the pursuit of novel compounds with multifaceted biological activity, we have successfully devised and 

validated a synthetic route to produce isoxazole derivatives (1a-e) and (2a-e). Rigorously scrutinized 

through diverse spectral analyses, this synthetic pathway has been validated. Moving beyond synthesis, we 

embarked on a comprehensive journey to unravel the potential biological attributes of these compounds. 

Our investigations encompassed a holistic evaluation of antibacterial, antioxidant, and anticancer 

properties. In terms of antibacterial prowess, all compounds emerged as robust contenders against both 

Gram-positive and Gram-negative bacterial strains. Notably, compound 2a exhibited maximum activity 

against E. coli. Compounds 1d, 1e, 2c, 2d, and 2e demonstrated a good range of radical scavenging activity 

compared to other compounds. The percentage of DPPH activity calculated using the reported formula was 

33.19%, 22.23%, 36.51%, 28.22%, and 36.04%, respectively. Compounds 1b, 1c, and 1d exhibited greater 

anticancer potential against PC3 cell lines at a dose of 640 μM of drug treatment, with 1d also demonstrating 

excellent potential and effect against the cell viability of HEK cell lines. The synthetic route can be further 

optimized to enhance efficiency, reduce costs, or explore variations in the chemical structure to improve 

the overall synthetic process. Furthermore, we can delve deeper into the structure-activity relationship of 

these compounds to understand the specific structural features responsible for their biological activities. 

This knowledge can guide the design of new derivatives with improved efficacy. 



 

 
 

The potential of isoxazole derivatives is rich with promise, spanning a diverse array of therapeutic 

applications within medicine and beyond. The future prospects of isoxazole in the development of 

antibacterial and anticancer drugs entail further exploration of their mechanisms of action, optimization of 

their pharmacokinetic properties, and rigorous preclinical and clinical evaluations. Given the global health 

threat posed by multidrug-resistant bacteria, isoxazole derivatives could provide a new avenue for 

combating bacterial infections. Additionally, their potential as anticancer agents open doors to innovative 

and targeted cancer treatments, instilling hope for improved therapeutic outcomes in the battle against both 

infectious diseases and cancer.  
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