
Ayyash                                                          Iraqi Journal of Science, 2020, Vol. 61, No. 2, pp: 234-245 

                      DOI: 10.24996/ijs.2020.61.2.1 

 

_______________________________ 

Email: ahmedn.ayyash@uofallujah.edu.iq 

234 

 
Synthesis and Antimicrobial Studies of New [Tetrakis (1, 2, 4-Triazole / 1, 

3, 4-Oxadiazole / 1, 3, 4-Thiadiazole] [Bis-(Benzene-1, 3, 5-Triyl)] 

Dioxymethylene Compounds 

 
Ahmed Neamah Ayyash 

Department of Applied Chemistry, College of Applied Science, University of Fallujah, Anbar, Iraq 

 

Received:  25/5/ 2019                           Accepted:  28/ 8/2019 

 
Abstract 

     Synthesis of new heterocyclic compounds containing four five-membered rings 

together was the main goal of this work. The new derivatives of [tetrakis (1,2,4-

triazole /1,3,4-thiadiazole /1,3,4-oxadiazole][bis-(benzene-1,3,5-triyl)] 

dioxymethylene A7-A18 were synthesized by the reaction of [bis-(dimethyl 5-yl-

isophthalate)] dioxymethylene compound A1 which was previously prepared from 

the reaction of 1,2-dibromomethan and dimethyl 5-hydroxyisophthalate, then treated 

with hydrazine hydrate to yield the corresponding acid hydrazide A2. In the next 

step, compound A2 was refluxed with 4-substituted isothiocyanate to give 

substituted thiosemicarbazides A3-A6. The treatment of the latter compounds in 

basic medium of 2M of NaOH afforded 1,2,4-Triazole derivatives A7-A10. Whereas 

the reaction of the same compounds with concentrated sulfuric acid gave 1,3,4-

thiadiazoles  A11-A14. Furthermore, the new derivatives of 1,3,4-oxadiazole A15-

A18 were obtained by the reaction of thiosemicarbazides and tosyl chloride in 

presence of pyridine. (C. H. N.) elemental analysis, FT-IR, and 
1
HNMR techniques 

were used to characterize the chemical structure of some of the new synthesized 

compounds which also exhibited an important biological activity. 

 

Keywords: Triazole, Dimethyl 5-hydroxyisophthalate, Isothiocyanate, 

Dioxymethylene. 
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يعامل  ثم. A3-A6ليعظي مذتقات الثايهسيسكاربازايج السعهضة  ات السعهضة مع الايدوثايهسيان A2مخكب 
. A7-A10 تخايازول -4،2،4ليعظي مذتقات  قاعجي من هيجروكديج الرهديهممع محلهل  الاخيخ الشاتج

. A11-A14 ثايادايازول -4،3،4مذتقات  ىاعظ السخكد حامض الكبخيتيك مع بيشسا تفاعل نفذ السخكبات
تم الحرهل عليها من  A15-A18اوكدادايازول  -4،3،4مذتقات ججيجة من مخكبات  ذلك،`اضافة الى 

)البعض مع التهسيل كلهرايج بهجهد البخيجين. شخرت السخكبات الشاتجة تفاعل معهضات الثايهسيسيكاربازايج 
وتقشية تحليل  البخوتهني الخنين الشهوي السغشاطيدياطياف طة اطياف الاشعة تحت الحسخاء و اسبه مشها( 

  دراسة فعاليتها البايهلهجية وبشتائج جيجة ندبيا. تتس .(.C. H. N)العشاصخ
Introduction 

     Oxadiazols, thiadiazoles and triazoles are important classes of five-membered heterocycles with 

three hetero atoms; oxygen, sulfur and nitrogen. In the literature, a large number of 1,2,4-triazoles 

have been prepared as biologically active compounds, such as anti-inflammatory, antimicrobial, and 

antifungal agents [1-3]. Similarly, some of the 1,3,4-thiadiazole derivatives are defined as antifungal, 

antibacterial, anti-inflammatory, analgesic, anticancer and anticonvulsant drugs [4-9]. Also, a variety 

of substituted 1,3,4-oxadiazoles have been reported as anticancer, antimicrobial and antiviral 

materials [10-17]. Due to their wide and extensive range of biological properties, as well as the 

structural feature as a synthetic intermediate for many pharmaceutical agents, there is a remarkable 

attraction by all the interested chemists to synthesis and development of new derivatives of five-

membered heterocyclic compounds. Hence, synthesis of bis-1,3,4-thiadiazol-2-yl-]-5,5-

dimethylcyclohexane and bis-1,2,4-triazol-3-yl-]-5,5-dimethylcyclohexane have been based on the 

ring closer to acylthiosemicarbazones [18]. While, a new method for the synthesis of 2-amino-1,3,4-

oxadiazoles   from  acylsemicarbazides has been applied using  tosyl chloride and pyridine [19]. 

Moreover, some new derivatives of 5-phenyl-1,3,4-oxadiazole were yielded by reaction of an acid 

hydrazine and different benzoic acid derivatives in the presence of phosphorous oxychloride [20]. 

Furthermore, by ring closure mechanism, bis-1,3,4-oxadiazole compounds were prepared from an 

acid hydrazide which was resulted from the reaction of an aromatic ester and hydrazine hydrate [21]. 

Recently, 4-amino-5-(3,5-dimethoxyphenyl)-4H-[1,2,4]triazole-3-thiol compound was prepared from 

the reaction 3,5-dimethoxy benzoic acid and thiocarbohydrazide in presence of sodium bicarbonate 

[22].  More recently and for the current year, a new series of [5-(3,5-dinitrophenyl)-1,3,4-thiadiazole] 

derivatives were prepared by different methods and evaluated for their antimicrobial and antitumor 

inhibition activity [23]. Otherwise, the other latterly new derivatives of 1,3,4-oxadiazole bearing 

sulfonamide were synthesized via [5-(5-cyclohexyl-1,3,4-oxadiazol-2-yl)-2-methyl-benzenesulfonyl 

chloride] and screened for their biological activities [24].  

Consequently, we decided to synthesize some new derivatives of [tetrakis (1,2,4-triazole /1,3,4-

tiadiazole /1,3,4-oxadiazole][bis(benzene-1,3,5-triyl)] dioxymethylene, as a part of our interest in the 

development of new heterocycles with three hetero-atom compounds which are expected to confer 

good biological activities. 

Materials and Methods  

     Starting materials, reagents, and solvents were obtained from different commercial sources. Thin 

layer chromatography (TLC) was performed on aluminum plates coated with silica gel 60 F254 (20 cm 

x 20 cm), with a layer thickness of 0.2 mm. for reaction monitoring. Uncorrected melting points of 

newly synthesized derivatives were determined in open capillary on SMP30 melting point apparatus. 

Carlo Erba 1108 (C. H. N.) Elemental Analyzer was used for determinations of (C. H. N.) elements. 

IR spectra were recorded using KBr disc on 8400s FTIR-Shimadzu spectrophotometer. The 
1
HNMR 

(300 MHz) was recorded on Bruker DPX 300 spectrometer in DMSO-d6 using TMS as internal 

standard reference and chemical shift data were expressed in (δ) ppm. Chemical structures were 

illustrated  with CS Chem Draw Ultra (6.0). 

General synthetic procedure for the [bis(dimethyl 5-yl-isophthalate)] dioxymethylene, A1: To a    

mixture of dimethyl 5-hydroxyisophthalate (4.2 g, 0.02mol) of and dibromomethane (1.74 mL, 0.01 

mol)   in 15 ml of  DMF, anhydrous sodium carbonate (2.65 g, 0.025 mol) was added with stirring. 

The mixture was refluxed for 4h., allowed to cool, poured onto cold water, then cooled at 5
°
C 

overnight. The precipitated solid was filtered and washed with water, then recrystallized from ethanol 

[25]. 
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General procedure for the synthesis of [bis(1,3-phenyldihydrazide-5-yl)] dioxymethylene, A2: A 

mixture of 4.32 g, 0.01 mol of compound A1, excess of 80% hydrazine hydrate (3.0 ml, 0.06 mol), 

and sodium acetate (3.30 g, 0.04 mole) was dissolved in 30 ml of absolute ethanol and placed in a 

round bottom flask. Then the reaction mixture was heated under reflux for 2h. in water bath, and 

poured onto crushed ice. The solid obtained was filtered, and recrystallized from ethanol. 

General procedure for the synthesis of [tetrakis(4-substitutedphenylthiosemicarbazide)]-

[bis(benzene-1,3-dicarboxy-5-yl)] dioxymethylene A3-A6: The acid hydrazide compound A2 (2.16 

g, 0.005 mol) and appropriate 4-substituted isothiocyanate (0.02 mol) in absolute ethanol (15 ml) 

were placed in a round bottom flask and refluxed for 3 h. The contents were cooled in ice bath. The 

precipitated product was filtered, washed with water, and recrystallized from ethanol. 

 General procedure for the synthesis of [tetrakis(N-(4-substitutedphenyl)-5-mercapto-1,2,4-

triazole-3-carboxyl][bis(benzene-1,3,5-triyl)] dioxymethylene, A7-A10: In a round bottom flask, a 

mixture of 0.005 mol of suitable substituted thiosemicarbazide A3-A6 and 2M solution of sodium 

hydroxide (20 ml) was heated  under boiling  in water bath for 4h. The solid product was separated, 

washed with water, and recrystallized from ethyl acetate [18]. 

General procedure for the synthesis of [tetrakis(5-(4-substitutedphenyl)-1,3,4-thiadiazole-2-

carboxyl)][bis-(benzene-1,3,5-triyl)] dioxymethylene, A11-A14: A mixture of 0.005 mol of 

different substituted thiosemicarbazide, A3-A6, and 10 ml of concentrated H2SO4 was stirred at 0
°
C  

for 3 h., left at room temperature for 4h., then poured onto crushed ice. The precipitated solid was 

filtered off, washed with water, and recrystallized from ethyl acetate. 

General procedure for the synthesis of  [tetrakis(5-(4-substitutedanilinyl)-1,3,4-oxadiazole-2-

yl][bis-(benzene-1,3,5-triyl)] dioxymethylene, A15-A18: A mixture of  0.005 mol of suitable 

substituted thiosemicarbazide A3-A6, tosyl chloride (3.81 g, 0.02 mol), and pyridine (0.8 ml, 0.01 

mol)  was dissolved in 15 ml  of tetrahydrofuran (THF) and   placed in a round bottom flask. The 

mixture was heated under reflux for 4-5 hrs. The solid obtained was filtered, washed with water, and 

recrystallized from ethyl acetate. The nomenclature and physiochemical data of all synthesized 

compounds are listed in Table-1. 

Results and Discussion 

The main synthetic route of the titled compounds includes several steps as described in scheme 1.  

Firstly, [bis(dimethyl 5-yl-isophthalate)] dioxymethylene A1 was prepared by the nucleophilic 

substitution reaction between  dimethyl 5-hydroxy isophthalate and 1,2-dibromomethan in presence 

of anhydrous sodium carbonate as a catalyst base. Then, the compound A1 was treated with an excess 

of hydrazine hydrate and sodium acetate in refluxing ethanol to yield the corresponding acid 

hydrazide compound A2. The next step of the outlined scheme involved the preparation of [tetrakis(4-

substitutedphenylthiosemicarbazide)][bis(benzene-1,3-dicarboxy-5-yl)] dioxymethylene A3-A6 by 

the refluxing of A2 with various 4-substitutedphenyl isothiocyanates jn absolute ethanol. Further, 

compounds A3-A6 were reacted with a dilute solution of 2M of sodium hydroxide under mild. 

 

Table 1-Nomenclature and physiochemical properties of the newly synthesized compounds 

Nomenclature 
mp 

(0C) 

yield 

(%) 

mol. 

wt. 

(g/mol) 

Mol. Formula R No. 

[bis(dimethyl 5-yl-isophthalate)] 

dioxymethylene 
132-134 78 432.38 C21H20O10  A1 

[bis(1,3-phenyldihydrazide-5-yl)] 

dioxymethylene 
155-159 69 432.15 C17H20N8O6  A2 

[tetrakis(phenylthiosemicarbazide)][bis(benzene-

1,3-dicarboxy-5-yl)] dioxymethylene 
178-179 58 973.14 C45H40N12O6S4 H A3 

[tetrakis(4-methylphenylthiosemicarbazide)]-

[bis(benzene-1,3-dicarboxy-5-yl)] 

dioxymethylene 

188 61 1029.25 C49H48N12O6S4 CH3 A4 

[tetrakis(4-methoxyphenylthiosemicarbazide)]-

[bis(benzene-1,3-dicarboxy-5-yl)] 

dioxymethylene 

212-215 66 1093.24 C49H48N12O10S4 OCH3 A5 
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[tetrakis(4-chlorophenylthiosemicarbazide)]-

[bis(benzene-1,3-dicarboxy-5-yl)] 

dioxymethylene 

204-205 48 1110.92 C45H36Cl4N12O6S4 Cl A6 

[tetrakis(N-phenyl-5-mercapto-1,2,4-triazole-3-

carboxyl][bis(benzene-1,3,5-

triyl)]dioxymethylene 

224 47 1013.12 C49H32N12O6S4 H A7 

[tetrakis(N-(4-methylphenyl)-5-mercapto-1,2,4-

triazole-3-carboxyl][bis(benzene-1,3,5-triyl)] 

dioxymethylene 

232-234 59 1069.23 C53H40N12O6S4 CH3 A8 

[tetrakis(N-(4-methoxyphenyl)-5-mercapto-

1,2,4-triazole-3-carboxyl][bis(benzene-1,3,5-

triyl)] dioxymethylene 

241-244 54 1133.22 C53H40N12O10S4 OCH3 A9 

[tetrakis(N-(4-chlorophenyl)-5-mercapto-1,2,4-

triazole-3-carboxyl][bis(benzene-1,3,5-triyl)] 

dioxymethylene 

234 44 1150.90 C49H28Cl4N12O6S4 Cl A10 

[tetrakis(5-phenyl-1,3,4-thiadiazole-2-

carboxyl)][bis-(benzene-1,3,5-triyl)] 

dioxymethylene 

218-221 51 953.06 C49H28N8O6S4 H A11 

[tetrakis(5-(4-methylphenyl)-1,3,4-thiadiazole-2-

carboxyl)][bis-(benzene-1,3,5-triyl)] 

dioxymethylene 

229-231 54 1009.17 C53H36N8O6S4 CH3 A12 

[tetrakis(5-(4-methoxyphenyl)-1,3,4-thiadiazole-

2-carboxyl)][bis-(benzene-1,3,5-triyl)] 

dioxymethylene 

256-258 54 1073.16 C53H36N8O10S4 OCH3 A13 

[tetrakis(5-(4-chlorophenyl)-1,3,4-thiadiazole-2-

carboxyl)][bis-(benzene-1,3,5-triyl)] 

dioxymethylene 

244-247 40 1090.84 C49H24Cl4N8O6S4 Cl A14 

[tetrakis(5-anilinyl)-1,3,4-oxadiazole-2-yl][bis-

(benzene-1,3,5-triyl)] dioxymethylene 
197-199 71 836.81 C45H32N12O6 H A15 

[tetrakis(5-(4-methylanilinyl)-1,3,4-oxadiazole-

2-yl][bis-(benzene-1,3,5-triyl)] dioxymethylene 
201-203 78 892.92 C49H40N12O6 CH3 A16 

[tetrakis(5-(4-methoxyanilinyl)-1,3,4-

oxadiazole-2-yl][bis-(benzene-1,3,5-triyl)] 

dioxymethylene 

219-220 77 956.92 C49H40N12O10 OCH3 A17 

[tetrakis(5-(4-chloroanilinyl)-1,3,4-oxadiazole-2-

yl][bis-(benzene-1,3,5-triyl)] dioxymethylene 
211-212 62 974.59 C45H28Cl4N12O6 Cl A18 

 

conditions to produce 1,2,4-triazole derivatives A7-A10. Likewise, the treatment of the same 

compounds A3-A6 with concentrated sulfuric acid afforded 1,3,4-thiadiazoles A11-A14. Whereas 

1,3,4-oxadiazol derivatives A15-A18 were obtained from the reaction of A3-A6 with tosyl chloride 

and pyridine in refluxing THF.  
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Table 2-The characteristic spectral data of the newly synthesized compounds (most of them)  

Compd.                                                              Spectral data  

(A1); IR (cm
-1

): 2955-2922 (CH), 1674 (C=O), 1253 (C-O). 1H NMR, (DMSO-d6, δ, ppm): 7.09-

8.55 (m, 6H, ArH), 6.65 (s, 2H, CH2), 3.41 (s, 12H, OCH3). 

(A2); IR (cm-1): 3371-3198 (NH2), 2960-2882 (CH), 1668 (C=O), 1248(C-O). 
1
H NMR, (DMSO-d6, 

δ, ppm): 8.31 (s, 4H, CONH), 7.15-8.29 (m, 6H, ArH), 6.69 (s, 2H, CH2), 2.50 (s, 8H, NH2).  

(A3); IR (cm
-1

): 3227 (NH), 2956-2876 (CH), 1687 (C=O), 1651 (C=N), 1238 (C=S). 
1
H NMR, 

(DMSO-d6, δ, ppm): 8.28 (s, 4H, CONH), 7.14 - 8.11 (m, 26H, ArH), 6.64 (s, 2H, OCH2), 3.88 (s, 

4H, ArNH), 2.50 (s, 4H, NH). Anal. found (calcd.) % : C, 55.57 (55.54); H, 4.14 (4.14); N, 17.30 

(17.27). 

(A4); IR (cm
-1

): 3188 (NH), 2858-2960 (CH), 1689 (C=O), 1664 (C=N). 1HNMR, (DMSO-d6, δ, 

ppm): 8.78 (s, 4H, CONH), 7.48 - 8.78 (m, 21H, ArH), 5.49 (s, 2H, OCH2), 3.82 (s, 4H, ArNH). Anal. 

found (calcd.) % :. C, 48.68 (48.65); H, 3.27 (3.27); N, 15.16 (15.13). 

(A7); IR (cm
-1

): 2955-2874 (CH), 1691 (C=O), 1651 (C=N),1450 (C-S).1H NMR ((DMSO-d6, δ, 

ppm)): 7.98 (m, 26H, ArH), 6.55 (s, 2H,CH2), 3.35(s,4H, ArSH). Anal. found (calcd.): C, 58.03 

(58.09); H, 3.18 (3.18);N,16.55 (16.59) %.(A8); IR (cm
-1

): 2955-2874 (CH), 1691(C=O), 

1651(C=N),1450(C-S).
1
H NMR (DMSO-d6, δ, ppm)): 7.92-6.84(m, 22H, ArH), 6.44 (s, 2H, CH2), 

4.57 (s, 4H, ArSH). Anal. found (calcd.): C, 50.57 (59.54); H, 3.77 (3.77); N, 15.75 (15.72) %.   

(A9); IR (cm
-1

): 2872-2975 (CH), 1692 (C=O), 1530 (C=N),1415 (C-S). 1HNMR (DMSO-d6,δ,ppm): 

7.14-8.29 (m, 18H, ArH), 6.24 (s, 2H, CH2), 3.87 (s, 4H, ArSH), 3.33 (s, 12H, OCH3). Anal. found 

(calcd.): C, 56.11 (56.17); H, 3.50 (3.56); N, 14.77 (14.83) %. 

(A12); IR (cm
-1

): 2880-2989(CH),1705(C=O),1618(C=N),1465(C-S-C).
1
HNMR (DMSO-d6, δ, ppm): 

8.25-8.28 (m, 22H, ArH), 6.58 (s, 2H, CH2), 2.51 (s, 12H, CH3). Anal. found (calcd.): C, 63.03 

(63.08); H, 3.60 (3.60); N, 11.08 (11.10) %. 

(A13); IR (cm
-1

): 3010-2989 (CH), 1695 (C=O), 1615 (C=N), 1449 (C-S-C). 1H NMR (DMSO-d6, δ, 

ppm): 7.28-7.92 (m, 22H, ArH), 6.24 (s, 2H, CH2), 3.15 (s, 12H, OCH3). Anal. found (calcd.): C, 

59.36 (59.32); H, 3.38 (3.38); N, 10.45 (10.44) %. 

(A17); IR (cm
-1

): 3345 (NH), 2854-2944 (CH), 1634 (C=N), 1365-1425 (C-O-C); 1H NMR (DMSO-

d6, δ, ppm): 6.98-7.62 (m, 22H, ArH), 6.45 (s, 2H, CH2), 4.00 (s,4H, ArNH), 3.47 (s, 12H, OCH3). 

Anal. found (calcd.): C, 61.47 (61.50); H, 4.21 (4.21); N, 15.52 (17.56) %. 

(A18); IR (cm
-1

): 3182 (NH), 2976-2858 (CH), 1680 (C=N), 1392-1338 (C-O-C); 1H NMR (DMSO-

d6, δ, ppm): 8.38-7.34 (m, 22H, ArH), 5.60 (s, 2H, O-CH2-O), 4.18 (s,4H, NH). Anal. found (calcd.): 

C, 55.48 (55.46); H, 2.90 (2.90); N, 17.28 (17.25) %. 

     

     The chemical structures of the desired compounds were deduced from their spectroscopic analysis 

data which are given in table 2. However, the IR spectrum of the tri-ester compound A1 showed the 

disappearance of  (OH) phenolic absorption band, whereas the absorption band of the (C-O) group 

appeared at 1253 cm
-1

. Further, the stretching absorption band of the ester carbonyl group (C=O) at 

1674 cmˉ¹ was recorded (Figure-1). On the other hand, the 
1
HNMR spectrum of A1 exhibited 

multiplet signals at 7.25-7.69 ppm corresponding to the aromatic protons. Singlet signals were 

recorded at 6.27 ppm and a singlet at 3.24 ppm was attributed to the methylene (O-CH2-O) and 

methoxy (-OCH3) protons, respectively (Figure-2). For compound A2, the spectral data gave an 

agreement with the designed structure [26, 27]. Hence, the IR spectrum showed absorption bands at 

3382-3452 cm
-1 

corresponding to (NH2) group stretching vibrations (Figure-3). While the 
1
HNMR 

spectrum of the same compound exhibited some peaks at 7.44-8.69 ppm, 6.24 ppm, and 2.24 ppm due 

to the aromatic, methylene (O-CH2-O) [27], and amino (NH2) protons, respectively (Figure-4). The IR 

spectrum of A3 showed some bands in the region 3227-3183 cm
-1

 belonging to the stretching 

vibrations of (NH) group. In addition, another stretching vibrational band of the carbonyl group 

(C=O) at 1687 cm
-1

 was noted, while other stretching absorption bands were recorded at 1651cm
-1

 

and 1238 cm
-1

 due to the imino (C=N) and thiocarbonyl (C=S) groups, respectively [28] (Figure-5). 

As for the titled compounds A7-A18, the spectroscopic analysis revealed the disappearance of the 

stretching absorption bands of the secondary amide carbonyl (HN-CO) and thiocarbonyl (C=S), while 

the chemical shifts caused by the (OCNH-) protons of thiosemicarbazides A3-A6 were not observed, 

which is a considerable directory for the expected structures. In contrast, the FTIR spectra of A7-A18 
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recorded some new bands in the region 1620-1651 cm
-1

 due to (C=N) of the five-membered ring as 

shown, for instance, in Figures-(7 and 9), for instance. On the other hand, the spectroscopic analysis 

of 
1
H NMR spectra gave a consequence of the designed structures. For example, the 

1
H NMR 

spectrum of compounds A9 and A18, as depicted in figures 8 and 10, exhibited the singlet signals in 

the region 3.67-4.55 ppm which are corresponding to the (Ar.SH) and (Ar.NH) protons, beside the 

others signals which are listed in Table-2.  

Antimicrobial Activity 

     Some of the synthesized compounds were tested for their antimicrobial activities against two types 

of bacteria (Bacillus subtilis and Escherichia coli), and two fungi microorganisms, Candida albicans 

and Aspergillus niger) using the disc diffusion method [29]. The zone inhibition area was measured in 

millimeters (mm), while the concentration of all tested compounds which were dissolved in N,N-

dimethylformamide (DMF) was 1ppm. The plates were kept at 37 
0
C and examined after 24h. 

Streptomycin and fluconazole were used as standard antibiotics and antifungal references, 

respectively. The results showed that all the tested compounds exhibited weak antibacterial activities. 

In contrast, some of the examined compounds such as A6, A14 and A18 revealed a good activity as 

antifungal agents (Table-3). 

 

Table 3-Antibacterial and antifungal activities of some synthesized compound 

 

Compd. 

 

Zone inhibition (mm) 

Bacterial strains Fungal strains 

Bacillus subtilis E. coli Aspergillus flavus Candida albicans 

A6 02 0 18 10 

A7 0 03 12 13 

A11 07 0 09 12 

A14 12 0 13 18 

A17 10 04 11 14 

A18 12 02 16 18 

Streptomycin 28 21   

Fluconazole   30 34 

DMF 0 0 0 0 

Conclusion 

     In summary, a new series of tetrakis (1,2,4-triazole/ 1,3,4-thiadiazole/1,3,4-oxadiazol) derivatives 

were synthesized in a simple, easy, and cost-effective method. Structures of some of the new 

compounds  were established from their spectroscopic and C.H.N. elemental analysis with 

satisfactory results. Some of these compounds were screened for their antimicrobial activities. For 

antibacterial activities, the results were insignificant whereas  good antifungal activities were  

achieved. 

 
Figure 1-FTIR Spectrum of compound (A1) 
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Figure 2-

1
HNMR Spectrum of compound (A1) 

 

  Figure 3-FTIR Spectrum of compound (A2)  

 

 
Figure 4-

1
HNMR Spectrum of compound (A2) 
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Figure 5-FTIR Spectrum of compound (A3) 

 

 
Figure 6-

1
HNMR Spectrum of compound (A4) 

 

 
Figure 7-FTIR Spectrum of compound (A7) 
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Figure 8-

1
HNMR Spectrum of compound (A9) 

 

 
 

Figure 9-FTIR Spectrum of compound (A18) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10-
1
H NMR Spectrum of compound (A18) 
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