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ABSTRACT 
A new series of 3-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-5-arylisoxazole 5(a-h) have been synthesized and evaluated 
for their antibacterial activity against Bacillus subtilis, Staphylococcus aureus, Micrococcus luteus, Proteus vulgaris, Salmonella 
typhimurium, Escherichia coli. The antibacterial activity and the structure activity relationship revealed that, compounds 
that contain 4-methoxyphenyl (5b) and 2,6-difluorophenyl (5c) groups on isoxazole ring showed significant and equal 
activity against B. subtilis, S. aureus, M. luteus and P. vulgaris to that of standard drug. The other compounds also exhibited 
considerable antibacterial activities and therefore emerged as potential molecules. 
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1. INTRODUCTION  
Isoxazole derivatives have played a crucial role in the 
history of heterocyclic chemistry and have been used 
extensively as important pharmacophore and synthons 
in the field of organic chemistry as well as in drug 
designing. Its derivatives have been widely investigated 

for therapeutic use like antiepileptic [1], PPAR- 
agonists [2], acetylcholine stearase (AchE) inhibitory [3], 
anti-inflammatory [4], acrosin inhibitory [5], antifungal 
[6], tools for Alzheimer’s disease [7], protein tyrosine 
phosphate 1B inhibitory [8], antiviral [9], antihel- 
mintics [10], antibacterial [11], anticonvulsant [12], 
insecticidal [13], antitubercular [14], immunomodu-
latory [15] and hypolipemics [16].   
Similarly, the triazole ring is most important 
heterocycle which is most common and integral moiety 
of many natural products and medicinal agents. Its 
derivatives exhibited antitubercular [17], anti-HIV [18], 
antiallergenic [19], cytostatic [20], virostatic [21], 
anticancer [22], anticonvulsant [23], analgesic [24] and 
anti-inflammatory [25] activities. Triazoles are also 
being studied for the treatment of obesity [26] and 
osteoarthritis [27].  There are number of drugs, which 
are containing triazole nucleus, viz. Fluconazole [28], 
Isavuconazole [29], Itraconazole [30], Voriconazole [31], 

Pramiconazole [32] and Posaconazole [33], that have 
been used for the treatment of fungal infections. 
In view of biological profile exhibited by the derivatives  

of isoxazole and triazole and in continuation of our 
work on the synthesis of new heterocyclic compounds 
[34-37], we designed a set of hybrid molecules with 
different heterocyclic scaffolds such as isoxazole and 
triazole with the aim of increasing their antibacterial 
activity. In the present study we report herein the 
synthesis of new series of 3-(5-methyl-1-phenyl-1H-1, 
2,3-triazol-4-yl)-5-arylisoxazole 5(a-h) and evaluation 
of their in vitro antibacterial activities. 
 

2. MATERIALS AND METHOD 
All reagents were of commercial grade and were used as 
supplied. Reactions were monitored by thin-layer 
chromatography (TLC) on pre-coated silica gel F254 
plates from Merck, and compounds visualized by 
exposure to UV light. Chromatographic columns 70-
230 mesh silica gel for separations were used.  IR 
spectra were recorded using KBr disk on a Perkin-
Elmer FTIR spectrometer. The 1H NMR and 13C NMR 
spectra were recorded on a Varian Gemini spectrometer 
(300 MHz for 1H and 75 MHz for 13C). Chemical shifts 

are reported in δ ppm units with respect to TMS as 
internal standard and coupling constants (J) are reported 
in Hz units. Mass spectra were recorded on a VG micro 
mass 7070H spectrometer. 
 

2.1. Synthesis of 1-(5-methyl-1-phenyl-1H-1,2,3-
triazol-4-yl)-1-ethanone (3) 

To a mixture of phenylazide 1 (0.01 mol), acetylacetone  
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2 (0.02 mol) in DMF (30mL), anhydrous K2CO3 (0.06 
mol) was added and with stirring at reflux temperature 
for 6-12 hours. The reaction mixture was cooled and 
the solvent was removed, poured into ice water and 
then neutralized with 5% hydrochloric acid and 
extracted with dichloromethane followed by 
purification by chromatographic column on silica gel 
using petroleum ether/ethyl acetate (8:1-6:1), afforded 

pure compound 3. Yield 81%; IR (KBr) νmax: 3057 (CH-
Ar), 2978 (CH-Ali), 1714 (C=O), 1619 (C=N), 1548 
(N=N), 1467 (C-N) cm-1; 1H NMR (300 MHz, CDCl3): 

δ 2.32 (s, 3H, CH3), 2.50 (s, 3H, CH3), 7.40-7.50 (m, 

5H, ArH); 13C NMR (75 MHz, CDCl3): δ 14.9, 29.6, 
114.7, 128.8, 129.1, 134.3, 139.0, 139.9, 193.1; MS: 
m/z 199 (M+). 

 
2.2. General procedure for synthesis of (E)-1-(5-

methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-
aryl-2-propen-1-one 4(a-h) 

Compound 3 (0.01 mol) was dissolved in ethanol 
(20mL), to this solution an aryl aldehyde (0.01 mol) and  

potassium hydroxide (60%, 20mL) and stirred under 
room temperature for 6 hours.  The reaction mixture 
was extracted with diethyl ether (3 x 20mL), the 
aqueous layer was neutralized with dilute hydrochloric 
acid and the solid obtained was purified by 
crystallization from benzene: methanol (3: 2), afforded 
corresponding compounds 4(a-h) in  63-71% of yields. 
 

2.3. General procedure for synthesis of 3-(5-
methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-5-
arylisoxazole 5(a-h) 

To a mixture of hydroxylamine hydrochloride (0.03 
mol) in 10mL of ethanol and sodium acetate (0.06 mol) 
in 10mL of hot acetic acid, was added a solution of 
corresponding compound 4 (0.01 mol) in 10mL of 
ethanol. The reaction mixture was refluxed for 3 h. It 
was then diluted with water (100 mL) and neutralized 
with dilute NaOH solution. The product separated after 
acidification with HCl, was extracted with ether. 
Removed the solvent and purified by crystallization 
from ethanol, afforded corresponding compounds 5(a-
h) in 47-63% of yields. 
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Scheme 1: Synthetic route of title compounds 5(a-h) 
 
2.4. Antibacterial Assay 
The in vitro antibacterial activity of compounds 5(a-h) 
were evaluated against Gram +ve bacteria viz., Bacillus 
subtilis, Staphylococcus aureus, Micrococcus luteus and Gram 
-ve bacteria  viz., Proteus vulgaris, Salmonella typhimurium, 
Escherichia coli by broth dilution method. The bacteria 
were grown overnight in Luria Bertani (LB) broth at 
37˚C, harvested by centrifugation, and then washed 
twice with sterile distilled water. Stock solutions of the 
series of compounds were prepared in DMSO. Each 

stock solution was diluted with standard method broth 
(Difco) to prepare serial two-fold dilutions in the range 
of 50 to 0.8µg/mL. Ten microliters of the broth 
containing about 105 colony-forming units (cfu)/mL of 
test bacteria were added to each well of a 96-well 
microtiter plate. Culture plates were incubated for 24 h 
at 37˚C and the growth was monitored by visually and 
spectrophotometrically. The minimal inhibitory concen-
tration (MIC, µg/mL) of the compounds were 
measured and compared with standard drug. 
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3. RESULTS AND DISCUSSION 
3.1. Chemistry 
The intermediate required for the synthesis of title 
compounds has been synthesized from phenylazide 1 on 
reaction with acetylacetone 2 in the presence of 
anhydrous potassium carbonate in dimethylformamide 
under stirring at 70°C 6-12 hours to yield 1-(5-methyl-
1-phenyl-1H-1,2,3-triazol-4-yl)-1-ethanone 3 in 81% of 
yield. The condensation of compound 3 with corres-
ponding aromatic aldehyde in ethanol in the presence of 
60% aq. potassium hydroxide at 5-10°C under stirring 
at room temperature for 6 h, afforded corresponding 
(E)-1-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-aryl-
2-propen-1-one 4(a-h) in 63-71% of yields. The 
corresponding compound 4 on cyclo-condensation with 
hydroxylamine hydro- chloride in the presence of 
sodium acetate in acetic acid under reflux temperature 
for 3 hours, afforded the corresponding 3-(5-methyl-1-
phenyl-1H-1,2,3-triazol-4-yl)-5-arylisoxazole 5(a-h) in 
47-63% of yields (Scheme 1). The structure of the 
synthesized compound was confirmed by the inter-
pretation of their IR, NMR and MS spectral analyses. 
 

3.1.1. Characterization of (E)-1-(5-methyl-1-
phenyl-1H-1,2,3-triazol-4-yl)-3-aryl-2-
propen-1-one (4a): 

Yield 66%; IR (KBr) νmax: 3078 (CH-Ar), 2968 (CH-
Ali), 1702 (C=O), 1612 (C=C), 1532 (N=N) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.78 (s, 3H, CH3), 
7.30-7.40 (m, 8H, ArH), 7.60-7.70 (m, 4H, ArH, 

CH); 13C NMR (75 MHz, DMSO-d6): δ 24.3, 125.3, 
128.7, 129.4, 130.1, 130.6, 131.2, 131.9, 133.9, 
134.5, 137.9, 139.0, 145.6, 172.9; MS: m/z 289 (M+). 
 

3.1.2. Characterization of 3-(5-methyl-1-phenyl-
1H-1,2,3-triazol-4-yl)-5-phenylisoxazole (5a) 

Yield 49%; IR (KBr) νmax: 3062 (CH-Ar), 2932 (CH-
Ali), 1674 (C=N), 1538 (N=N) cm-1; 1H NMR (300 

MHz, DMSO-d6): δ 2.87 (s, 3H, CH3), 7.40-7.50 (m, 
8H, ArH), 7.60-7.65 (m, 3H, ArH); 13C NMR (75 

MHz, DMSO-d6): δ 21.4, 97.1, 126.9, 128.7, 129.3, 
131.4, 137.8, 141.6, 143.7, 159.7; MS: m/z 302 (M+). 
 
3.1.3. Characterization of 5(4-methoxyphenyl)3(5-

methyl-1-phenyl-1H-1,2,3-triazol-4-yl) 
isoxazole (5b) 

Yield 54%; IR (KBr) νmax: 3071 (CH-Ar), 2978 (CH-
Ali), 1671 (C=N), 1533 (N=N), 1030 (C-O) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.84 (s, 3H, CH3), 3.89 

(s, 3H, OCH3), 7.12 (d, J = 8.7 Hz, 2H, ArH), 7.40-

7.50 (m, 8H, ArH); 13C NMR (75 MHz, DMSO-d6): δ 
21.9, 57.6, 89.7, 116.2, 125.9, 126.2, 128.1, 128.9, 
129.9, 131.5, 137.1, 139.8, 141.0, 143.4. 160.1; MS: 
m/z 332 (M+). 
 

3.1.4. Characterization of 5(2,6-difluorophenyl)3 
(5-methyl-1-phenyl-1H-1,2,3-triazol-4-
yl)isoxazole (5c) 

Yield 63%; IR (KBr) νmax: 3057 (CH-Ar), 2944 (CH-
Ali), 1675 (C=N), 1531 (N=N), 1374 (C-F) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.84 (s, 3H, CH3), 
7.10-7.15 (m, 2H, ArH), 7.40-7.50 (m, 7H, ArH); 13C 

NMR (75 MHz, DMSO-d6): δ 21.9, 96.3, 113.4, 
114.1, 126.5, 128.6, 129.6, 129.9, 131.8, 137.1, 
141.2, 143.5. 162.6, 168.7; MS: m/z 338 (M+). 
 

3.1.5. Characterization of 5-(4-chlorophenyl)-3-(5-
methyl-1-phenyl-1H-1,2,3-triazol-4-yl) 
isoxazole (5d) 

Yield 59%; IR (KBr) νmax: 3061 (CH-Ar), 2944 (CH-
Ali), 1672 (C=N), 1535 (N=N), 689 (C-Cl) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.85 (s, 3H, CH3), 
7.40-7.50 (m, 8H, ArH), 7.75 (d, J = 8.6 Hz, 2H, 

ArH); 13C NMR (75 MHz, DMSO-d6): δ 21.7, 88.9, 
126.2, 128.6, 128.9, 129.7, 130.8, 131.5, 132.8, 
135.0, 137.2, 141.1, 143.8. 159.2; MS: m/z 336 (M+). 
 

3.1.6. Characterization of 3-(5-methyl-1-phenyl-
1H-1,2,3-triazol-4-yl)-5-(4-nitrophenyl) 
isoxazole (5e) 

Yield 55%; IR (KBr) νmax: 3047 (CH-Ar), 2979 (CH-
Ali), 1678 (C=N), 1578 (N=O), 1540 (N=N) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.83 (s, 3H, CH3), 
7.40-7.50 (m, 6H, ArH), 7.89 (d, J = 8.5 Hz, 2H, 
ArH), 8.45 (d, J = 8.5 Hz, 2H, ArH); 13C NMR (75 

MHz, DMSO-d6): δ 21.2, 89.3, 124.9, 126.7, 128.6, 
129.2, 129.8, 131.9, 134.9, 137.6, 141.7, 143.1, 
146.0, 159.8; MS: m/z 347 (M+). 
 

3.1.7. Characterization of 3-(5-methyl-1-phenyl-
1H-1,2,3-triazol-4-yl)-5-(2-nitrophenyl) 
isoxazole (5f) 

Yield 51%; IR (KBr) νmax: 3073 (CH-Ar), 2984 (CH-
Ali), 1679 (C=N), 1577 (N=O), 1538 (N=N) cm-1; 1H 

NMR (300 MHz, DMSO-d6): δ 2.84 (s, 3H, CH3), 
7.40-7.50 (m, 9H, ArH), 7.98 (d, J = 8.7 Hz, 1H, 

ArH); 13C NMR (75 MHz, DMSO-d6): δ 22.1, 94.8, 
120.8, 126.9, 127.0, 128.4, 128.9, 129.1, 130.9, 
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131.4, 134.2, 137.4, 141.3, 143.8, 147.8, 159.4; MS: 
m/z 347 (M+). 
 
3.1.8. Characterization of 5(4-methylphenyl)-3-(5-

methyl-1-phenyl-1H-1,2,3-triazol-4-yl) 
isoxazole (5g) 

Yield 49%; IR (KBr) νmax: 3084 (CH-Ar), 2982 (CH-
Ali), 1674 (C=N), 1537 (N=N), cm-1; 1H NMR (300 

MHz, DMSO-d6): δ 2.48 (s, 3H, CH3), 2.79 (s, 3H, 
CH3), 7.10-7.20 (m, 4H, ArH), (d, J = 8.7 Hz, 2H, 
ArH), 7.40-7.50 (m, 6H, ArH); 13C NMR (75 MHz, 

DMSO-d6): δ 22.1, 24.2, 90.3, 127.7, 128.5, 128.9, 
129.0, 129.6, 130.8, 131.4, 137.8, 137.4, 141.2, 
143.9. 160.7; MS: m/z 316 (M+). 
 

3.1.9. Characterization of 2-methoxy-4[3(5-methyl 
-1-phenyl-1H-1,2,3-triazolyl)5-isoxazolyl] 
phenol (5h) 

Yield 58%; IR (KBr) νmax: 3456 (O-H), 3088 (CH-Ar), 
2976 (CH-Ali), 1671 (C=N), 1537 (N=N), 1078 (C-

O)  cm-1; 1H NMR (300 MHz, DMSO-d6): δ 2.86 (s, 
3H, CH3), 3.91 (s, 3H, OCH3), 4.92 (s, 1H, OH), 7.12 
(s, 1H, ArH), 7.40-7.50 (m, 8H, ArH); 13C NMR (75 

MHz, DMSO-d6): δ 21.4, 57.8, 88.9, 112.6, 118.2, 
119.0, 126.9, 128.7, 128.9, 129.9, 131.4, 137.2, 
141.6, 143.1, 146.2, 147.7, 159.2; MS: m/z 348 (M+). 
in The IR spectrum of compound 3, the absorption 
bands due to C=O and C=N are appeared at 1714, 
1619 cm-1. Its 1H NMR spectra, the aromatic protons of 

phenyl groups were appeared as a multiple at δ 7.40-
7.50 and protons of methyl groups appeared as singlet at  

δ 2.32 and 2.50 ppm. Its 13C NMR specta, the signals of 

triazole ring appeared at δ 128.8 and 139.0 ppm.  The 
structure of was further confirmed by the mass 
spectrum, which showed a molecular ion peak at m/z 199. 

The IR spectra of compound 4a, the characteristic 
stretching frequency of the enone C=O and C=C was  

observed at 1702 and 1612 cm-1. The 1H NMR 

spectrum showed, aromatic protons and α-CH, β-CH 

proton signal at  7.30-7.40 and 7.60-7.70 ppm as 
multiplets for eight and four protons in each, the signal 

at  2.78 as singlet, integrating three protons assigned 
for methyl group. 13C NMR spectrum exhibit the signal 

at   134.5 and 133.9 for (C-5) and (C-4) carbons of 
triazole ring, the carbonyl carbon and ene carbons 

appeared at 172.9 (C=O) 130.6 (α-C) and (β-C) 145.6 
ppm. The structure of was further confirmed by the 
mass spectrum, which showed a molecular ion peak at 
m/z 289. 
The IR spectra of compound 5a, N=N of triazole and 
C=N of isoxazole absorption bands appeared at 1674 
and 1538 cm-1. Its 1H NMR spectrum showed a signal at 

 7.40-7.50 and 7.60-7.65 ppm as multiplets for eight 

and three protons in each and a signal at  2.87 as 
singlet, integrating three protons assigned for methyl 

group. Its 13C NMR spectrum exhibit the signal at   
129.3 (C-5) and 141.6 (C-4) for triazole ring carbons.  

The isoxazole ring carbons appeared at  143.7 (C-3), 
97.1 (C-4) and 159.7 (C-5) ppm.  The structure of was 
further confirmed by the mass spectrum, which showed 
a molecular ion peak at m/z 302. 
 
3.2. Antibacterial Activity 
The in vitro antibacterial activity of compounds 5(a-h) 
were evaluated against Gram +ve bacteria (Bacillus 
subtilis, Staphylococcus aureus, Micrococcus luteus) and Gram 
-ve bacteria (Proteus vulgaris, Salmonella typhimurium, 
Escherichia coli) by broth dilution method [38]. The 
lowest concentration required to arrest the growth of 
bacteria was regarded as the minimum inhibitory 
concentration (MIC, µg/mL) was determined for all the 
compounds and presented in Table 1. 

 

Table 1: Antibacterial Activity of Compounds 5(a-h) 

Compound Minimum inhibitory concentration (MIC μg/mL) 
B. subtilis S. aureus M. luteus P. vulgaris S. typhimurium E. coli 

5a 12.5 25.0 25.0 - - - 
5b 1.56 3.12 1.56 6.25 25.0 25.0 
5c 1.56 3.12 1.56 3.12 25.0 12.5 
5d 6.25 12.5 12.5 25.0 - - 
5e 12.5 25.0 12.5 25.0 50.0 - 
5f 12.5 50.0 25.0 - 12.5 12.5 
5g 6.26 25.0 12.5 12.5 25.0 — 
5h 6.25 12.5 12.5 25.0 — 50.0 

Ampicillin 1.56 1.56 1.56 3.12 3.12 12.5 

Note: - indicates, strains are resistant to the compound >50 g/mL conc. 
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All assays included the solvent and reference controls, 
Ampicillin was used as standard drug. The investigation 
of antibacterial screening data revealed that all the 
tested compounds exhibited interesting biological 
activity, however, with a degree of variation. 
The antibacterial activity and structure activity 
relationship (SAR) studies of compounds 5(a-h) 
revealed that, compounds containing 4-methoxyphenyl 
(5b) and 2,6-difluorophenyl (5c) groups on isoxazole 
ring showed significant and equal activity against B. 
subtilis, S. aureus, M. luteus and P. vulgaris to that of 
standard drug. The other compounds also exhibited 
considerable antibacterial activities and therefore 
emerged as potential molecules for their further 
development. 
 

4. CONCLUSION 
A series of new 3-(5-methyl-1-phenyl-1H-1,2,3-triazol-
4-yl)-5-arylisoxazole 5(a-h) has been synthesized and 
screened for antibacterial activity against Bacillus subtilis, 
Staphylococcus aureus, Micrococcus luteus, Proteus vulgaris, 
Salmonella typhimurium, Escherichia coli. The antibacterial 
evaluation indicates, that compounds containing 4-
methoxyphenyl (5b) and 2,6-difluorophenyl (5c) 
groups on isoxazole ring showed significant and equal 
activity against B. subtilis, S. aureus, M. luteus and P. 
vulgaris to that of standard drug. 
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