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Abstract 

A serious 1,2,3-triazole derivatives were prepared by reaction between4-azido-N-(5-methylisoxazol-3-yl)benzene 

sulfonamide with different triple bond derivatives in presence CuCl and sodium ascorbate as catalyst. FTIR, and 

NMR have established the chemical structures of the target compounds. All end derivatives were evaluated to in 

vitro antifungal testing against two types of fungi (Aspergillus niger and Candida albicans) and antibacterial 

screening against four pathogenic strains (Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus epidermidis, 

Escherichia coli). The findings indicate that the compounds being tested displayed promising activity and 

warranted further consideration as potential anti-micro bales.  
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Introduction  

Antimicrobial resistance has been designated by the World Health Organization (WHO) as one of the 

most important threats to global health today [1]. The antibiotic resistance dilemma has been blamed 

on overuse and misuse of antibiotics, as well as a lack of new medication research by the 

pharmaceutical industry due to restricted economic incentives and burdensome regulatory 

requirements [2–6].Over the last decade, several highly resistant bacterial diseases have developed 

sophisticated strategies to counteract the effects of numerous treatment medications[7]. The bacterial 

infection Staphylococcus aureus has become a big concern for healthcare workers all around the world. 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 13007-13017 
 
 

13008 
 

Antibacterial resistance has been found in isolated S. aureus strains, including – macrolides[8] , 

fluoroquinolones[9-11], lactam antibiotics[12], oxazolidinones[13] and glycopeptides [14].Enterococci 

were once assumed to be innocuous commensal bacteria with little clinical significance, but they have 

now been identified as dangerous nosocomial infections that cause endocarditis, urinary tract  

infections, bloodstream infections, meninge infections, wound infections, and infections of the biliary 

tract [15]. Only coagulase-negative Staphylococcus and Staphylococcus aureus are more frequently 

isolated nosocomial pathogens (Infections in hospitals account for 12% of all infections), according to 

recent surveillance data [16].Antibiotic resistance, which raises the risk of infection and colonization, is 

directly tied to clinical importance of the Enterococcus genus. Many routinely used antibiotic drugs 

(penicillins, ampicillins, cephalosporins, clindamycin) are intrinsically resistant to enterococci, and they 

also have native resistance to clinically attainable aminoglycoside doses. Despite the fact that E. faecalis 

is naturally resistant to dalfopristin-quinupristin, strains of E. faecalis that lack special resistance traits 

find this combination to be extremely successful. Enterococci are resistant for cell-wall active 

compounds' (usually) bactericidal action.Tolerance means that the bacteria can be inhibited by 

antibiotic concentrations that are clinically available, but only killed by concentrations that are 

substantially higher than the inhibitory concentration [17]. Multi-resistant E. faecalis strains have 

emerged, making treatment more challenging, necessitates the search for and identification of new 

treatment techniques.Triazoles are resistant toreductive/oxidative conditions in addition to acidic/basic 

hydrolysis, indicating that they have a high aromatic stability. This moiety resists metabolic breakdown 

to a large extent. The therapeutic properties of 1,2,3-triazole and its derivatives have piqued interest 

during the last two decades, with reports of a wide spectrum of biological activity. [18] antifungal, [19] 

antitubercular, [20] antiallergic, [21] anti-HIV, [22] antibacterial, [23] a-glycosidase inhibitor, [24] 

antimicrobial, [25] anticoccidiostats, [26] anticonvulsant, [27] antimalarial, [28] antiviral, [29] and 

antimycobacterial. [30]Triazole was employed to improve the intended drug's pharmacokinetic qualities. 

[31] The preparation andantimicrobial properties for certain derivatives based on 1,2,3-triazole were 

investigated in this study. As illustrated in Figure 1, the produced compounds were 1,2,3-triazoles 

coupled to sulfamethoxazole. These derivatives were made from reacting 4-azido-N-(5-methylisoxazol-

3-yl)benzenesulfonamide with various triple bond derivatives in the presence of CuCl and sodium 

ascorbate. [32] 
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Materials and Methods  

The reagents, solvents, and starting substanceswere obtained from Sigma Aldrich Chemicals, Thomas 

Baker, Merck, Fluke, and a commercial supplier, among others. TLC plates, which were supplied on a 

Merck silica gel SG-40, were used to track the development of all reactions. On the Bruker ALPHA, 

University of Kufa, Faculty of Science, FTIR spectra were recorded using Fourier transformation infrared. 

Mashhed University validated NMR spectrum on Bruker apparatus, 400MHz for 1HNMR and 100MHz for 

13CNMR. The elemental composition was determined using a Perkin-Elmer 204E instrument. 

Synthesis 4-azido-N-(5-methylisoxazol-3-yl)benzenesulfonamide (1b)  

From Sulfamethoxazole (80 mmole) was dissolved in 1.7 mL of HCl and 10mL distilled water . In an ice-

water bath, the mixture was chilled to (0-5 oC). After that, a solution of NaNO2 (0.01mol) was dissolved 

in 5 mL  distilled water, which was then chilled at (0-5 oC). This solution was then added to the mixture 

drop by drop, stirring constantly. The solution of diazonium salt was then added in portions to a solution 

of sodium azide (80 mmol) and kept at temperature (0-5oC). For 30 minutes, the mixture was stirred . 

The mixture was set aside for the night. Filtration was used to isolate the product, which was then 

washed multiple times with distilled water then recrystallized from ethanol. 

(1b): 4-azido-N-(5-methylisoxazol-3-yl)benzenesulfonamide: It was produced in yield (92%) as a white 

crystalline substance with the following chemical formula: C10H9N5O3S ; m.p. 93-95 oC; FTIR, ν (cm−1) 

3236,3057, 2978, 2171,1587, 1451, 1365, 1290,1064 ; 1H-NMR (400MHZ,DMSO-d6)δ ppm: 10.09 (s, 1H), 

7.74 – 7.66 (m, 2H), 7.36 – 7.28 (m, 2H), 6.09 (s, 1H),  2.30(s, 3H). 13C-NMR (100MHz, DMSO-d6) δ  

169.89, 155.86, 144.96, 136.62, 129.23, 118.96, 96.60, 12.26.  

Synthesis of 1,2,3-triazole derivatives (2b,3b,4b,5b)  

In DMF (20mL) , (1.1mmol) of 4-azido-N-(5-methylisoxazol-3-yl)benzenesulfonamide comp.(A) with 

(1.1mmol) from triple bond derivatives (propargyl bromide, propargyl chloride, propargyl alcohol, 

propargyl glyacine) were dissolved. CuCl (0.2 mmol) and (0.4mmol) sodium ascorbate  were added to 

this mixture . The solution then stirred at (60-70 oC) until T.L.C. confirmed that the reaction was finished 

and that the azide had been consumed. Diethyl ether and water were used to dilute the mixture. The 

water phase was extracted twice with diethyl ether after the organic phase was separated. MgSO4 was 

used to dry the organic phase. The solvent was removed and the hexanes-chloroform was used for 

recrystallization .  

(2b):4-(5-(bromomethyl)-1H-1,2,3-triazol-1-yl)-N-(5-methylisoxazol-3yl) benzene sulfonamide:  
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It was produced in yield (76%) as a white crystalline substance with the following chemical formula: 

C13H12BrN5O3S; m.p 153-155 ºC; FT-IR, ν (cm-1) 3275,3101, 2975, 2864,1599, 1461, 1301, 1290,1047; 1H-

NMR (400 MHZ, DMSO-d6)δ ppm 11.20 (s, 1H, -NH-sulfonamide),  7.51 (s, 1H, triazole ring proton), 7.98 

– 7.84 (m, Ar-H), 6.21 (s, 1H, Sulfamethoxazole ring proton), 5.17 (-CH2-triazole),  2.34(s,3H,methyl 

protons).  13C-NMR(100MHz, Chloroform-d) δ 169.75, 155.91, 143.35, 137.65, 136.03, 133.32, 128.78, 

122.81, 96.39, 50.35,44.35,35.88.  

(3b):  4-(5-(chloromethyl)-1H-1,2,3-triazol-1-yl)-N-(5-methylisoxazol-3yl) benzenesulfonamide:  It was 

prepared as a white crystalline, Chemical Formula: C13H12ClN5O3S, 80% yield; m.p 173-175 ºC; FTIR, ν 

(cm−1) 3286,3112, 2891, 1589, 1453, 1376, 1291,1114; 1H-NMR (400 MHZ, DMSO-d6)δ ppm   11.12 (s, 1H, 

-NH-sulfonamide), 7.61 (s, 1H, triazole ring proton), 7.94 – 7.84 (m, ArH), 6.17 (s, 1H, Sulfamethoxazole 

ring proton), 5.23 –(-CH2-triazole), 2.35(s,3H,methyl protons). 13C-NMR(100MHz, Chloroform-d) δ 

169.75, 155.84, 142.78, 137.61 (d, J = 6.5 Hz), 132.66, 128.75, 121.87, 96.31,50.84,46.54, 36.14.  

(4b):  4-(5-(hydroxymethyl)-1H-1,2,3-triazol-1-yl)-N-(5-methylisoxazol-3-yl) benzenesulfonamide:  It was 

produced in yield (82%) as a white crystalline substance with the following chemical formula: 

C13H13N5O4S; m.p 179-181 ºC;   FT-IR, ν (cm-1) 3301,3132, 2971, 2912,1587, 1461, 1375, 1280,1068;   1H-

NMR (400 MHZ, DMSO-d6)δ ppm 11.21 (s,1H, -NH-sulfonamide), 7.63 (s, 1H, triazole ring proton), 7.98 – 

7.84 (m, Ar-H), 6.15 (s, 1H, Sulfamethoxazole ring proton), 5.11 (s, 2H, CH2-triazole), 4.77 (s, 1H, hydroxyl 

proton ),  2.63(s, 3H,methyl protons).  13C-NMR(100MHz, Chloroform-d) δ 169.75, 155.89, 143.40, 

137.64, 135.86, 135.17, 128.75, 123.21, 96.31, 51.34 42.86, 36.24.  

(5b): 2-amino-3-(1-(4-(N(5-methylisooxazol-3yl)sulfamoyl)phenyl)-1H1,2,3-triazol-5-yl)propa- noic acid:  

It was produced in yield (78%) as a white crystalline substance with the following chemical formula: 

C15H16N6O5S; m.p 156-158 ºC;  FT-IR, ν (cm-1) 3298,3125, 2971, 2934,1599, 1451, 1365, 1286,1167;   1H-

NMR (400 MHZ, DMSO-d6)δ ppm  12.31(s,1H, carboxylic protont),  11.3 (s, 1H, -NH-sulfonamide), 7.87 (s, 

1H, triazole ring proton), 7.51-7.24 (m, Ar-H), 6.20 (s, 1H, Sulfamethoxazole ring proton), 4.75 (s, 2H, -

NH2),5.25 (q, J= 6.7 Hz,  2H CH-NH2 ),3.96 (d, J = 6.7 Hz, 2H, -CH2-triazole), 2.31 (s, 3H, methyl protons). 

13C NMR (100 MHz, Chloroform-d) δ 193.21, 169.75, 155.93, 144.1, 137.65, 129.68, 128.79, 122.45, 

96.42, 53.15,41.36, 35.97. 

Antimicrobial activity assay  

All the target compounds (2b-5b) were tested against two bacterial strains Bacteria that are Gram-

positive and Gram-negative and screening against four pathogenic strains (Pseudomonas aeruginosa, 
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Bacillus subtilis, Staphylococcus epidermidis, Escherichia coli). for its antibacterial function. The 

prepared compounds' antifungal activity had been checked against (Candida albicans and Aspergillus 

niger).The MICs for the synthesized tetrazole derivatives assays were conducted by the susceptibility 

procedure of micro dilution. Ciprofloxacin and fluconazole have been used as an antibacterial and an 

antifungal reference agent respectively. Dissolved in dimethyl sulfoxied (DMSO) atconcentration 400 

µg/mL.The research compounds ciprofloxacin and fluconazole; They were then diluted in the culture 

medium (potato dextrose agar for fungi and nutrient agar for bacteria) and prepared for dilution with a 

double-series solution (100, 50, 25, 12.5 and 6.25 µg/mL).The tubes then incubated at 36 oC for 48 hours 

for fungi and 24 hours for bacteria.The compounds' minimal inhibitory concentrations ( MICs, μg / mL) 

were reported as that the lowest concentration for each chemical  derivative in turbidity-free tubes of 

inoculated fungi / bacteria.  

Results and Discussion  

Chemistry  

Syntheticstrategies (Scheme 1) followed in order to synthesize the end compounds (2b-5b). The starting 

materials that is, azido sulfamethoxazole [25, 26] and propargyl bromide, propargyl chloride, propargyl 

alcohol, propargyl glycine [27] were synthesizerd according to the previously studies. The target 

compounds (2b,3b,4b,5b) were prepared in good yields by reaction of azido sulfamethoxazole with the 

appropriate propargyl bromide, propargyl chloride, propargyl alcohol, propargyl glycine in presence of 

Cu(I) and DMF at 60-70 ºC. 
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Scheme 1. Synthesis 1,2,3-triazole derivatives 

FTIR data  

The appearance of a distinctive band at 3101,3112, 3132, 3125 cm-1 in the FTIR analysis of synthesized 

1,2,3-triazole (2b-5b) evidenced the preparation of 1,,3-triazole compounds. The synthesized 1,2,3-

triazole derivatives (2b-5b) showed two absorption peaks in the region 3275, 3286, 33018, 3298 cm-1 

that were due to the -NH-sulfonamide stretching vibrations. On the other hand, IR spectrum of triazoles 

derivatives showed disappearance bands in the triple bond region due to propargyl componds were due 

to alkyne moiety, whereas disappearance bands at 2171 cm-1forazide group in sulfamethoxazole azides .   

1H-NMR data  

In the 1H NMR analysis of triazole derivatives (2b-5b) and b1 showed signlet signal at 

10.09,11.2,11.12,11.21,11.3 ppm due to -NH-sulfonamide protons. In (5b) compond a broad peak 

appeared at 12.31ppm, 4.74 ppm assigned carboxylic (OH) group and amine protons respecivily, 

whereas in compound (4b) a signlet signal at 4.77ppm due to (OH) group of propargyl moiety, which is 

made up of protons that can be exchanged with D2O. A new sharp peak and distinguishing signal singlet 

at 7.51, 7.61, 7.63, 7.88 ppm due to (-CH proton) were found to have 1,2,3-triazole rings proton. On the 

other hand, one sharp singlet peak of (-CH2) methylene protons (triazole-CH2-) at 5.17, 5.23, 5.11,5.25 

ppm in (2b-5b) compounds respectively, and one signlet signal at 2.34,2.35,2.36,2.31 ppm due to methyl 

attached sulfamethoxazole ring in (2b-5b) compounds respectively. 

13C NMR data  

In the 13C NMR analysis, new peaks and signals of 1C-5 and 1C-4 carbon atoms of the 1,2,3-triazole ring 

(2b-5b) appeared at 122.81,121.87,123.21,122.45 ppm and 143.35,142.78,143.40,144.01 ppm 

respectively. The peak appeared 193.21ppm was due to carbon atoms of the carbonyl carboxylic group 

in compound (5b). Whereas new peaks appeared at 12.26 ,12.88, 13.14, 12.24,12.97 ppm methyl carbon 

atoms were attached to sulfamethoxazole ring (b1-b5). On the other hand,13C NMR spectrum showed 

peaks at 50.35,50.84,51.34,53.15 ppm due to carbon atoms of sulfamethoxazole ring were attached to -

NH-sulfonamide moiety. Methylene carbons that bind to the Cl,Br,OH, glyacine showed peaks at 44.35, 

46.54,42.68,41.36 ppm of ( 2b-5b) respectively.  

Antimicrobial Activity  

In the present study, the tatrazole deivatives were examined for the antimicrobial properties against the 

Gram-negative and Gram positive bacteria screening against four pathogenic strains(Pseudomonas 
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aeruginosa, Bacillus subtilis, Staphylococcus epidermidis and Escherichia coli). The antifungal activity of 

the compounds has been tested against two types of fungus (Candida albicans and Aspergillus 

niger)using (PDA) the medium Potato dextrose agar. (MIC) was calculated by a susceptibility system for 

microdilution. Ciprofloxacin and fluconazole have been used as a common antibacterial and antifungal 

drug respectively. The obtained results of the antimicrobial properties of control medicines and 

tetrazole compounds are summarized within the Table 1. All samples' MIC values were determined as 

the lowest concentration that totally inhibited the microorganisms' growth. (fungi and bacteria) visible 

growth. Antibacterial testing investigation exposed of the target compounds showed good -to-moderate 

inhibition in DMSO solvents at 25-100µg/mL. All of the compounds that have been prepared a good 

action against B is multiplied. Subtilis and S. (MIC 25µg/mL). P. aeuroginosa aureus (MIC 50 and 25 

µg/mL) as well as mild activity against E. Coli. Compound (b) good job against B. Subtle,P. 

aeuroginosaand E. Coli, (MIC 50 µg/mL), and mild anti-S behaviors. (MIC: 100 μg / mL). The antifungal 

testing investigation exposed that the synthesized compounds showed a good -to-moderate inhibition in 

DMSO solvent at 25–50 μg / mL. The compound (a) has been found to be more active against C than 

compound (b). (MIC: 25 μg / mL) Albicans A. Niger: 50 μg / mL (MIC). Compound b, on the other hand, is 

effective against Candida Albicans (MIC 50 µg/mL) and mild anti-A behaviors. (MIC 100 μg / mL). 
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Conclusion  

In conclusion, new 1,2,3-triazole compounds have been prepared & identified by some spectra analysis. 

The antimicrobial effect of all the prepared compounds was tested in vitro with compared to control 

medications, the tested compounds (2b-5b) demonstrated considerable antifungal and antibacterial 

activity. 
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