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Abstract: We realized the highly selective synthesis of 1,4-disubstituted 1,2,3-triazoles starting from a terminal 

alkyne and arylazides, without the presence of metal catalyst, using the sequence hydroamination/1,3-dipolar 

cycloaddition reaction. The structure of synthesized products was determined by the usual spectroscopic 

methods (IR, 
1
H NMR and 

13
C NMR). The 1,2,3-triazoles obtained were tested for their antimicrobial 

properties. Most of them showed a significant antibacterial activity against Pseudomonas aeruginosa, 

Citrobacter freundii, Escherichia coli, Staphylococcus aureus, and a fungicidal activity against Aspergillus 

flavus and Aspergillus ochraceus. 
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I. Introduction 
1,2,3-triazoles are aromatic heterocycles containing three nitrogen atoms in succession on the five-

membered ring, they have been widely studied and the large number of triazole which has been synthesized 

shows that they possess applications in various fields. Indeed, 1,2,3-triazoles exhibit a broad spectrum of 

biological activity. They have been used as anti-HIV, anticancer, antiseptic, anti-inflammatory, antibacterial, 

antifungal, herbicidal agent and others [1]. In addition, these heterocycles were used as fluorescent agent and 

corrosion inhibitor. They also play a very important role in absorbing UV-radiation [2]. 

Recently, two efficient and very selective methods of obtaining 1,4-disubstituted 1,2,3-triazoles have 

been developed, starting from terminal alkynes and organic azides by 1,3-dipolar cycloaddition employs 

catalytic copper or ruthenium [3] (scheme 1). 

 

 
Scheme 1: Synthesis of 1,4-disubstituted 1,2,3-triazoles by copper-catalyzed alkyne-azide  

1,3-dipolar cycloaddition  

 

An alternative route of access to these heterocycles is the 1,3-dipolar cycloaddition between an enamine and an 

organic azide [4]. This process enables to synthesize 1,4-disubstitute1,2,3-triazoles in a highly regioselective 

manner and under ecological conditions; without the use of metal [5] (scheme 2). 

 

 
Scheme 2: Synthesis of 1,4-disubstituted 1,2,3-triazoles by enamine-azide 1,3-dipolar cycloaddition 

 

Our study focuses on the synthesis of 1,4-disubstituted 1,2,3-triazoles from a terminal alkyne and 

avoiding the use of copper catalysis. The strategy adopted is to transform this acetylenic derivative by 

hydroamination reaction in enamine [6]. This intermediate can selectively add to the azide by 1,3-dipolar 

cycloaddition reaction to form 1,4-disubstituted-1,2,3-triazole (scheme 3). 
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Scheme 3: Synthesis of 1,4-disubstituted 1,2,3-triazoles by hydroamination/1,3-dipolar cycloaddition reaction 

sequence 

 

The objective is to valorize the 1,2,3-triazoles obtained by in vitro evaluation of their antimicrobial activity on 

the growth of some pathogenic microorganisms. 

 
II. Results And Discussion 

II.1. Synthesis of enamine 1 
Addition of morpholine at room temperature to methyl propiolate in diethyl ether gives enamino-ester 1 

[6a]. It is obtained in 88% yield and is characterized by a melting point of 75 °C (scheme 4). 

 
Scheme 4: Synthesis of enamine 1 from methyl propiolate and morpholine 

 

II.2. Synthesis of triazoles 3a-d 

The reaction between enamine 1 and arylazides 2a-d [7,8,9] carried out without solvent by heating in a 

oil bath at 70°C leads to the triazoles 3a-d. The physical characteristics and yields of these heterocyclic are 

given in table I. 

Table I: Yields and melting points of triazoles 3a-d 

 

Entry Triazole Aspect Yield %
a
 mp (°C) 

1 

 

Yellow solid 81 257 

2 

 

White solid 85 200 

3 

 

Red-brick solid 70 148 

4 

 

Yellow solid 60 76 

                                 a
isolated yields 
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The enamino-ester 1 is added to arylazides 2a-d by 1,3-dipolar cycloaddition reaction giving 1,4-

disubstituted-N-aryl-1,2,3-triazoles 3a-d with good yields (table I) .  The arylazides substituted by electron-

withdrawing group (nitro) are the most reactive, they show the best results (yield = 81-85%, table I, entry 1 and 

2) compared to azide which carries an electron-donating substituent (methyl) within its structure (yield = 60%, 

table I, entry 4). 

 Chloro-nitro-phenylazide gives the corresponding triazole in a yield of 70% (table I, entry 3). This addition 

reaction is regioselective, a single triazole is obtained. This selectivity is explained by the formation of a 

proximal triazoline in which the morpholino group is closest to aryl substituent of the azide (scheme 5). 

Moreover, the hydrogen situated on the carbon C4 and in  position to the ester group is labile. The 

intermediate triazoline is unstable and removes a morpholine molecule to yield the corresponding triazole. This 

result is consistent with numerous works reported in the literature [9]. 

 

 
Scheme 5: Steps of triazole formation 

 

II.3. Biological evaluation of triazoles 3a-d 

In this study, we used four bacteria and two pathogenic fungi: Pseudomonas aeruginosa, Citrobacter 

freundii, Escherichia coli, Staphylococcus aureus, Aspergillus flavus and Aspergillus ochraceus. The bacterial 

strains of reference are taken from the Pasteur Institute of Algeria. While, both species of Aspergillus [11, 12]; 

moulds responsible for the contamination of wheat grain and coffee beans are isolated and identified in 

biological laboratory of Bechar university-Algeria [11c, 12a, d]. In vitro tests are carried out for determining the 

sensitivity of these microbial strains to synthesized triazoles compounds [10-13]. 

 

II.3.1. Antibacterial effect 

The results of biological tests on the effect of triazoles 3a-d having concentrations of 1; 0.5; 0.25; 

0.125 mg/mL on the growth of four bacterial strains used in this study are summarized in tables II. 

 

Table II: The inhibition zones diameters (D in mm) of the growth of Staphylococcus aureus (Sa), 

Pseudomonas aeruginosa (Pa), Escherichia coli (Ec) and Citrobacter freundii (Cf), registered for all 

concentrations of triazoles 3a-d. 

 3a 3b 3c 3d 

1 0.5 0.25 0.125 1 0.5 0.25 0.125 1 0.5 0.25 0.125 1 0.5 0.25 0.125 

Sa -a - - - - - - - 14 - 14 - - - - - 

Pa 9.5 - 13.5 - - - - - - - - - - - 7.5 - 

Ec - - - - - - - - 25 10  - - 16 - - - 

Cf 10 - - - - 8 - - - 7.5 7 - - - 7 - 
a
no inhibition is detected. 

To compare the antibacterial activity of triazoles 3a-d on each bacterium tested, we reported the results 

obtained in histograms (figure 1, 2, 3 and 4) permitting to represent the inhibition zones diameters of each 

bacteria growth depending on the different triazoles 3a-d concentrations used in this study. 
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Figure 1: Single and potent triazole 3c inhibitor effect on Staphylococcus aureus (Sa) growth. 

 

 

Figure 2: Pseudomonas aeruginosa (Pa) is sensitive to triazoles 3d and 3a, the latter is more effective on the 

growth inhibition of this bacterium (D = 13.5 mm, MIC = 0.25 mg/mL).  

 

 

Figure 3: Significant inhibition areas are indicated by triazoles 3c and 3d against  Escherichia coli (Ec).  
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Figure 4: All triazole derivatives exert an inhibitory effect on Citrobacter freundii (Cf) growth.  

 
The agar diffusion method [10] is employed to evaluate the antibacterial activity, using blotting paper 

disks which are impregnated by solutions with different concentrations of triazole 3a-d dissolved in DMSO and 

deposited on the bacterial strain surface. Inhibition areas of the bacterial growth was observed around the disks, 

the values of these diameters are measured (table II), they enable us to highlight the effect of different triazole 

concentrations on the bacteria used and search the small concentration beyond which no inhibition is observed 

(MIC). We notice antibacterial activity against two strains: Citrobacter freundii (Cf) and Pseudomonas 

aeruginosa (Pa) recorded by the triazole 3a which possesses in its molecular structure the nitro group in para 

position on the benzene ring (table II). 

The triazole 3b substituted by the nitro group in meta position exhibits an inhibitory effect only on the 

growth of Citrobacter freundii (Cf), with an inhibition diameter of 8.0 mm and a MIC of 0.5 mg/mL (table II). 

Chloro-nitro-phenyltriazole 3c shows a bactericidal effect on Staphylococcus aureus (Sa), Escherichia coli (Ec) 

and Citrobacter freundii (Cf) (table II). It is more effective on Escherichia coli (Ec) (25.0-10.0 mm) with a 

minimum inhibitory concentration (MIC) of 0.5 mg/mL. Triazole 3d, for its part, exerts a positive impact on 

Gram-negative bacteria: Pseudomonas aeruginosa (Pa), Escherichia coli (Ec) and Citrobacter freundii (Cf). 

This triazole having a methyl substituent on phenyl revealed the appearance of inhibition zones around the disks 

containing them with diameters varying between 7.0 and 16.0 mm (table II). 

Resistance of Staphylococcus aureus (Sa); Gram-positive bacterium is observed to against triazoles 3a, 

3b and 3d. However, only triazole 3c is active on this microorganism, showing a diameter and a MIC in the 

range of 14 mm and 0.25 mg/mL respectively (table II, figure 1). It should be noted that Citrobacter freundii 

(Cf) is most sensitive to the triazole system because all triazoles have shown activity against this Gram-positive 

pathogenic bacterium, the inhibition zones diameters are between 7.0-8.0 mm (table II, figure 4). 

 

II.3.2. Fungicidal effect 

On the other hand, the tests results of the antifungal activity of triazoles 3a-d on the growth of two strains: 

Aspergillus flavus and Aspergillus ochraceus are summarized in tables III and IV respectively. 

 

Table III: Zones diameters (I in cm) of the Aspergillus flavus growth and the inhibition rates (T%) obtained 

with different triazoles 3a-d concentrations: 1; 0.5; 0.25; 0.125 mg/mL. 

 
3a 3b 3c 3d 

I(cm) T(%) I(cm) T(%) I(cm) T(%) I(cm) T(%) 

1 5.72 12.30 6.25 3.85 3.90 40.00 6.00 7.70 

0.5 5.60 13.85 6.40 1.54 6.10 6.15 6.30 3.10 

0.25 6.11 6,15 5.25 19.23 6.40 1.54 6.40 1.54 

0.125 6.00 7.70 6.40 1.54 6.30 3.10 6.25 3.85 

 I0: growth of Aspergillus flavus in absence of triazole, I0 = 6.50 cm. 
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Table IV: Zones diameters (I in cm) of the Aspergillus ochraceus growth and the inhibition rates (T%) obtained 

with different triazoles 3a-d concentrations: 1; 0.5; 0.25; 0.125 mg/mL. 

 
3a 3b 3c 3d 

I(cm) T(%) I(cm) T(%) I(cm) T(%) I(cm) T(%) 

1 2.70 44.89 2.25 54.08 3.45 29.59 1.40 71.43 

0.5 3.20 34.69 3.30 32.65 1.30 73.47 1.35 72.45 

0.25 3.00 38.77 3.60 26.53 2.80 42.86 3.25 33.67 

0.125 3.20 34.69 2.65 45.92 3.05 37.76 3.25 33.67 

I0: growth of Aspergillus ochraceus in absence of triazole, I0 = 4.91 cm. 
 

The data given in tables III and IV are illustrated in histograms (figure 5 and 6), which express the inhibition 

rates of the fungal growth as a function of each concentration of triazoles. 

 

 

Figure 5: The triazole 3c exhibits a percentage of mycelial inhibition in the range 

of (40%) against Aspergillus flavus, so it is more active on this fungus. 

 

 
Figure 6: All triazoles show a potent antifungal effect on Aspergillus ochraceus, the best inhibition percentages 

are presented by 3c and 3d. 

 

In vitro evaluation of the antifungal potency of triazoles 3a-d was carried out by the direct contact 

method which comprises contacting the triazole with the mycelial strain of each species of phytopathogenic 

fungi used [11, 12]. To achieve this, the fungal suspension is deposited in center of Petri plates charged by 

triazole and PDA culture medium [13]. 

For all concentrations of triazoles used, the zones diameters of mycelial strains growth observed are 

measured after 7 days incubation of the plates at 25 °C (table III and IV). The control is realized under the same 

conditions in the absence of triazole. The Analysis of results obtained allows to evaluate the inhibition rate of 

mycelial growth, or the antifungal index (T%).  
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Their values are calculated according to the following formula and reported in tables III and IV. 

Indeed, the greater this inhibition percentage, the greater an antifungal power of the triazole. 

T (%) = (I0-I / I0) x 100 

T: rate of inhibition of mycelia growth, or antifungal index. 

I0: mycelial growth in the absence of triazole expressed in cm. 

I: mycelial growth in the presence of triazole expressed in cm. 

In view of the results mentioned in tables III and IV, the triazoles 3a-d show an inhibitory effect on two 

mycelium growth, it is more remarkable against Aspergillus ochraceus. In this case, the diameters of this strain 

growth in the presence of triazole are low compared to that obtained with the control, which leads to the highest 

inhibition rates and exceeds 30% for all triazole concentrations used. This fungus responsible for the coffee bean 

mildew is very sensitive to the presence of the majority of triazoles, particularly to the two triazoles 3c and 3d 

with concentrations of 1-0.5 mg/mL, this is indicated by the most important antifungal index values, that can 

reach about 74% (table IV, figure 6). 

However, Aspergillus flavus; mould contaminating the wheat grain indicated a resistance to the triazole 

system, the zones diameter values of this strain growth in the presence of triazole are important and are similar 

to the control, consequently low inhibition rates are obtained, with the exception of chloro-nitro-phenyltriazole 

3c, which indicates an interest antifungal index in the order of 40 % by using a concentration of 1 mg/mL (table 

III, figure 5). 

 

III. Conclusion 
In this study we synthesized 1,4-disubstituted-N-aryl-1,2,3-triazoles from enamine derived from methyl 

propiolate and arylazides without the use of copper catalysis. This acetylenic derivative reacted with morpholine 

by stereoselective hydroamination reaction to form exclusively enamine E in good yield. The isolated enamine 

intermediate is added to the substituted arylazides, by 1,3-dipolar cycloaddition reaction leading to 1,4-

disubstituted-N-aryl-1,2,3-triazoles in a completely regioselective manner. 

In vitro antimicrobial activity of obtained triazoles was evaluated. The testing performed by the disk 

diffusion revealed that the variously substituted triazoles 3a-d exhibited an inhibitory effect on the growth of 

most bacterial reference strains obtained from the American Type Culture Collection (ATCC): Staphylococcus 

aureus, Pseudomonas aeruginosa, Escherichia coli and Citrobacter freundii. 

The direct contact method is adopted to achieve fungicidal activity tests on the growth of Aspergillus 

flavus and Aspergillus ochraceus. The inhibition rates obtained have shown a remarkable sensitivity of 

Aspergillus ochraceus to all triazoles 3a-d. This activity carried out by these triazoles 3a-d against bacterial and 

fungal microorganisms examined in this study, depends on the nature and the position of substituents which 

these heterocycles possess within their chemical structures. 

Indeed, Chloro-nitro-phenyltriazole 3c acts effectively on the majority of pathogenic bacteria and fungi 

used with MIC ranging from 1 to 0.125 mg/mL. This triazole 3c witch have an electron-withdrawing (nitro) 

substituent and another electron-donating (chloro) substituent on the triazole aromatic system, is the most active 

as other triazoles 3a, 3b and 3d possessing a single substituent; either electron-withdrawing (nitro) or electron-

donating (methyl) substituent.  

 

IV. Experimental Section 
IV.1. Chemical part  

All employed starting materials and solvents are commercial. The chemical reactions carried out were 

followed by analytical thin-layer chromatography using 0.20 mm silica gel 60 plates. They were revealed under 

a UVP mineralight UVGL-58 lamp and with p-anisaldehyde solution. The products obtained are purified by 

column chromatography using Merck 40-63 μm particle-sized silica gel (230-400 mesh) and eluted with diethyl 

ether-petroleum ether. Melting points (mp) were determined with a Büchi Melting-point B-450 apparatus and 

were not corrected. Chemical structure of synthesized products is identified by the usual spectroscopic methods 

(IR, NMR). IR spectra were detected using a JAFCO-430 Fourier Transform Infrared Spectrometer (FTIR) in 

chloroform solution.
1
H and 

13
C NMR spectra were recorded on a Brucker AC300MHz apparatus in deuterated 

chloroform solution. The chemical shifts  are reported in parts per million (ppm). These spectra were 

referenced internally to the residual deuterated chloroform (H = 7.26 ppm and C = 77.0 ppm). The 

multiplicity of signals is indicated by the following abbreviations: s, d, t meaning singlet, doublet, and triplet, 

respectively. The coupling constant (J) is given in Hertz (Hz). 

The mono- and disubstituted aromatic azides 2a, 2b, 2c and 2d were synthesized from the corresponding 

anilines according to the procedure described by Noelting [7a] and improved by Ranu [7b] with good to 

excellent yields. 
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 (E)-methyl-3-morpholinoacrylate 1 

 
 

To a solution of morpholine (1.0 g, 0.01 mol) in diethyl ether (50 mL), a solution of methyl propiolate 

(0.88 g, 0.01 mol) in diethyl ether (15 mL) was added dropwise with stirring. The product precipitates in the 

medium. Stirring is maintained for 4 hours at room temperature. After filtration and evaporation of the solvent 

in vacuo, a white solid is obtained. 

Aspect: white solid                mp: 75 °C             Rf: 0.76 [diethylether / petroleum ether 1/1].  

IR [Cm
-1

]: 2922.80; 2871.93; 1696.58; 1603.84; 1433.24; 1371.14; 1108.67; 858.53; 772.69. 
1
H NMR (300MHz, CDCl3, ppm): 7.34(d, 1HC

3
, J=12.0Hz); 4.67(d, 1HC

2
, J=12.0Hz); 3.69(t, 4HC

5
, 

J=5.5Hz); 3.65 (s, 3HC
6
); 3.19 (t, 4HC

4
, J=5.5Hz). 

13
C NMR (75MHz, CDCl3, ppm): C

1
:162.3; C

3
:151.8; C

2
: 85.6; C

5
: 66.2; C

4
: 50.7; C

6
: 50.0. 

Triazoles 3a-d 

 
 

An equimolar mixture of arylazides 2a-d and enamine 1 was heated in an oil bath at 70 °C under 

stirring, without solvent for 24 hours. The triazole is precipitated and is purified by column chromatography. 

 Methyl 1-(4-nitrophenyl)-1H-1,2,3-triazole-4-carboxylate 3a 

R= pNO2 :  

Aspect: yellow solid           mp: 257°C                Rf: 0.56 [diethyl ether/petroleum ether 10/1]. 

IR[Cm
-1

]: 3076.18; 3056.32; 1719.60; 1584.91; 1530.39; 1259.57; 1030.46; 1012.74; 809.42; 768.69; 743.18. 
1
H NMR (300MHz, CDCl3, ppm): 8.96 (s, 1HC

5
); 8.50 (d, 2HAr, J=8.8Hz); 8.07 (d, 2HAr, J=8.8Hz); 4.07(s, 

3HC
7
).  

13
C NMR (75MHz, CDCl3, ppm): C

6 
:162.3; C (Ar,C

4
,C

5
): 160.7; 148.5; 140.2; 126.1; 125.1(2C); 121.8 (2C); 

C
7
: 53.5. 

 methyl 1-(3-nitrophenyl)-1H-1,2,3-triazole-4-carboxylate 3b 

R=mNO2 : 

Aspect: wight solid           mp: 200°C                Rf: 0.48 [diethyl ether/petroleum ether 10/1]. 

IR[Cm
-1

] : 2942.58; 2920.11; 1698.14; 1627.82; 1424.90; 1262.98; 1172.62; 1151.78; 1109.80; 1071.20; 

1035.95; 1016.75; 817.04; 773.19; 729.20; 620.34. 
1
H NMR (300MHz, CDCl3, ppm): 8.88 (s, 1HC

5
); 8.45 (d, 1HAr, J=8.5Hz); 8.20 (s, 1HAr); 8.00 (t, 1HAr, 

J=8.5Hz); 7.70 (d, 1HAr, J=8.5Hz); 4.00 (s, 3HC
7
).  

13
C NMR (75MHz, CDCl3, ppm): C

6
: 164.0; C(Ar,C

4
,C

5
): 160.5; 146.0; 137.2; 130.0; 129.6 (2C); 124.0; 

123.1; C
7
: 52.9. 

 methyl 1-(4-chloro-2-nitrophenyl)-1H-1,2,3-triazole-4-carboxylate 3c 

R, R’=2-Cl,4-NO2:  

Aspect: red brick solid          mp: 148°C            Rf: 0.18 [diethyl ether/petroleum ether 10/1]. 

IR[Cm
-1

]: 3121.35; 1729.71; 1597.21; 1371.99; 1287.84; 1258.94; 1184.27; 1037.05; 992.82; 893.24; 776.02; 

740.35; 669.04; 653.92; 521.31; 432.27. 
1
H NMR (300MHz, CDCl3, ppm): 8.70 (s, 1HC

5
); 8.37 (s, 1HAr); 8.08 (d, 1HAr, J= 8.7Hz); 7.80 (d, 1HAr, 

J=8.7Hz); 4.22 (s, 3HC
7
).  

13
CNMR(75MHz,CDCl3,ppm):C

6
:162.0;C(Ar,C

4
,C

5
):160.0;149.0;140.3;137.0;133.5;126.6;122.5;119.0; C

7
: 

51.7. 

 methyl 1-p-tolyl-1H-1,2,3-triazole-4-carboxylate 3d 

R= pCH3:  

Aspect: yellow solid               mp: 76°C              Rf: 0.42 [diethyl ether/petroleum ether 10/1]. 
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IR[Cm
-1

] : 3143.41; 2956.96; 1713.88; 1524.86; 1342.43; 1266.07; 1177.13; 1108.51; 1038.77; 866.36; 854.86; 

771.44; 749.05; 684.09; 527.41. 
1
H NMR (300MHz, CDCl3, ppm): 8.02 (s, 1HC

5
); 8.10 (d, 2HAr, J=7.8Hz); 8.27 (d, 2HAr, J=7.8Hz); 4.12 (s, 

3HC
7
), 3.23 (s, 3H (CH3).  

13
C NMR (75MHz, CDCl3, ppm): C

6 
:159.3; C (Ar,C

4
,C

5
): 151.6; 140.1; 138.2; 124.1; 122.1 (2C); 119.4 (2C); 

C
7
:50.5; C(CH3): 21.4. 

 

IV.2. Biological part 

All the reference strains of bacteria used in this study are become from Pasteur Institute of Algeria. 

They are listed in table V. 

Table V: Bacteria used 

 

Strains Codes Provenance Types 

Staphylococcus aureus (Sa) ATCC25923 

Institute Pasteur 

Algers-Algeria  

Gram- 

 

Pseudomonas aeruginosa (Pa) 

 

ATCC27853 

Gram+ Escherichia coli (Ec) ATCC25922 

Citrobacter freundii (Cf) ATCC8090 

 

In tubes containing 10 mL of sterile physiological water (0.9 % NaCl) is emulsified a few colonies of a 

pure culture of each bacteria strain. The inoculums obtained are adjusted to the turbidity of a 0.5 McFarland 

standard. Petri plates containing the Mueller Hinton-agar are charged of inoculum, using a dry and sterile swab. 

Seeding is effected three times into agar surface; the swab is then passed round the edge of the agar surface [10]. 

Allow the plate to dry at ambient temperature. Disks are then deposited on the surface of Petri plates using a 

sterile forceps. The disks used are round blotting paper with a diameter of 5 mm and a thickness of 0.4 mm. 

They are sterilized before each use. They are filled with 20 μl of a solution containing the triazole dissolved in 

DMSO. 

Finally, Petri plates with lid closed are incubated in an oven at 37 °C for 24 hours before measuring the 

inhibition zones diameter of the bacterial growth in millimeters (D: mm).  

The different concentrations (0.5; 0.25; 0.125 mg/mL) are obtained by dilutions in DMSO of the stock 

standard solution (1mg/mL) which consists of each of triazoles 3a-d dissolved in DMSO. 

Moreover, two fungi use: Aspergillus ochraceus and Aspergillus flavus are isolated from moulds 

colonized respectively coffee and wheat grains and placed in a PDA agar medium [11]. These mycetes are 

identified in the microbiology laboratory of Tahri Mohamed-Bechar University-Algeria, based on several 

morphological, macroscopic and microscopic identification criteria [12]. The cultures for the two fungal species 

were maintained on PDA medium in inclined tube (incubation at 30°C to the proper sporulation). The spores are 

recovered and added with stirring to a mixture of tween 80 (3 mL, 0.1%) and agar (4.5 mL, 0.2%). 

(1 mL) of each triazole concentration is added in test tubes containing PDA (19 mL), which stirring 

with a vortex. The obtained mixtures are streaked on the surface of the Petri plates previously sterilized. After 

solidification, a drop of the spore suspension containing approximately 10
6
 CFU/ mL of each of two fungal 

strains is deposited in center of the Petri plate containing a mixture of culture medium PDA and triazole [13]. 

The Petri plates are incubated for 7 days at 25°C. A Petri plates considered as a control is prepared as 

previously but in the absence of triazole. The antifungal activity was determined by measuring the zones 

diameter of the mycelial growth (I: cm) in the presence of triazole at different concentrations, while (I0: cm) 

designates the diameter value of mycelial growth without triazole. This makes it possible to calculate the 

antifungal index or the inhibition rate by the following relationship [13]:  

T (%)= (I0-I/I0) x100. 

Each test was repeated three times for all triazole concentrations used. 
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