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Abstract 
In this paper the synthesis of substituted 1,3,4-

oxadiazoles, thiadiazole and 1,2,4-triazoles. Cyclohexyl 

and hexylamine were treated with methyl chlorofomate 

to give the corresponding methyl N-alkyl carbamate 

(1,2), which converted to 4-alkyl semicarbazide (3,4) by 

their reaction with hydrazine hydrate in ethanol. 

Compounds (3,4) were treated with ammonium 

thiocyanate / hydrochloric acid to give substituted 

thiosemicarbazides (5,6). The thiosemicarbazides were 

treated with concentrated sulfuric acid or sodium 

hydroxide solution to give 5-amino-2-methyl amino-

1,3,4-thiadiazole (9,10) and 5-methyl amino-1,2,4-

triazoles-3-thiol (11,12) respectively. The substituted 

thiosemicarbazide was converted to 3,4-diamino-5-

methyl amino-1,2,4-triazole (16) by its reaction with 

hydrazine hydrate. Compounds (3,4) were treated with 

carbon disulfide in potassium hydroxide to give 

substituted oxadiazoles (7,8). The reaction of 1,3,4-

oxadiazoles with hydrazine hydrate gave substituted 

1,2,4-triazoles (13,14), while compound (3) gave 4-

amino-3,5-dicyclohexyl amino-1,2,4-triazole (15) upon 

heating at 90-120 C. 

The structure of the synthesized compounds were 

confirmed by spectral and physical methods. 
 

Introduction 
The five membered ring heterocyclic compounds with 

three heteroatoms as oxadiazoles, thiadiazoles and 

triazoles are known to possess various biological 

activities. Compound (I) shows anti-inflammatory 

activity[1], and compound (II) has strong activity against 

tuberculosis[2]. 

        
1,3,4-Thiadiazoles shows anticancer activity[3], 

substituted 1,3,4-thiadiazole used as fiber pigment 

compound (III)[4]. Whereas 1,2,4-triazole derivatives 

show antifungal activity[5] and anticancer agent as 

compound (IV)[6]. 

      
 

The synthesis of 1,3,4-oxadiazole derivatives were 

obtained from acid hydrazide by its reaction with carbon 

disulfide in pyridine[7], or in alcoholic potassium 

hydroxide[8-10]. Thiosemicarbazide was used to 

synthesized substituted 1,3,4-oxadiazole by its reaction 

with lead oxide[11] or with acetic anhydride[12]. 

Dehydrating agents were applied on the synthesis of 1,4-

diketone[13] as in the synthesis of compound (V). 

 
1,3,4-Thiadiazole derivatives were synthesized from 

substituted thiosemicarbazides by their reaction with 

concentrated sulfuric acid[14,15], phosphoric acid[16] or 

hydrogen peroxide[17]. 1,2,4-Triazoles synthesized by 

the reaction of substituted thiosemicarbazide with 

sodium hydroxide[18,19]. 
 

Experimental 
All chemicals were purchased from Flucka and BDH 

Chemical Ltd. The melting points were measured on an 

Electrothermal 9300 Engineering LTD and were 

uncorrected. IR spectra were recorded on Infrared 

Spectrophotometer Model Tensor 27, Bruker Co., 

Germany, using KBr discs. UV spectra were recorded on 

Shimadzu Double-Beam Spectrophotometer UV-210 A 

using ethanol as a solvent 
 

Methyl-N-alkyl carbamate (1,2)[20]
 

A mixture of amine (0.075 mole), methyl chloroformate 

(11 g, 0.075 mole), and sodium bicarbonate (10 g) in 

absolute ethanol (40 ml) was refluxed for (3 h), the 

solvent then evaporated, and crushed-ice was added with 

stirring, the resultant mixture was extracted with ether (2 

× 30 ml), the ether layer dried with magnesium sulfate, 

and evaporated under reduced pressure to give the 

products compound (1) was recrystallized from ethanol 

and (2) as pale yellow oil, Tables (1,2). 
 

4-Alkyl semicarbazide (3,4)[21]
 

The ester (1 or 2) (0.07 mole) was added to hydrazine 

hydrate (1.8 ml, 0.035 mole) in absolute ethanol (30 ml). 

The mixture was refluxed for (3 h), the solvent was 

evaporated under reduced pressure to give compound (3) 

which was purified by recrystallization from ethanol, and 

compound (4) as oil, Tables (1,2). 
 

1-Alkyl aminocarbonyl thiosemicarbazide (5,6)[22]
 

A mixture of 4-alkyl semicarbazide (3 or 4) (0.013 

mole), ammonium thiocyanate (3 g, 0.037 mole) and 

hydrochloric acid (6 ml) in absolute ethanol (40 ml) was 

refluxed for (22 h), the solvent was evaporated under 

reduced pressure, the residue then added to crushed-ice 

with stirring. The resulted precipitate was filtered off, 

dried and recrystallized from ethanol, Tables (1,2). 

2-Alkyl amino-1,3,4-oxadiazole-5-thiol (7,8)[23]
 

4-Alkyl semicarbazide (3 or 4) (0.006 mole) was 

dissolved in alcoholic potassium hydroxide (0.4 g / 30 ml 

ethanol), to this solution carbon disulfide (8.0 ml) was 

added slowly, the mixture was refluxed for (16 h). The 

solvent was evaporated under reduced pressure, then 
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crushed-ice was added to the residue, and acidified with 

dilute hydrochloric acid. Compound (7) was formed as 

precipitate, which was filtered, dried and recrusyallized 

from ethanol, whereas compound (8) was isolated by the 

extraction of the mixture with ether (2 × 25 ml), the ester 

layer dried with magnesium sulfate and evaporated to give 

yellowish oily product, Tables (1,2). 
 

2-Alkyl amino-5-amino-1,3,4-thiadiazole (9,10)[24]
 

A mixture of substituted 1-alkyl aminocarbonyl 
thiosemicarbazide (5 or 6) (0.005 mole) and concentrated 

sulfuric acid (9 ml) was stirred at room temperature for 

(1 hr) then heated with stirring on water bath at 90 C for 

(2 hr). The mixture then poured on crushed ice, 

neutralized with concentrated ammonium hydroxide with 

cooling, the precipitate of compound (9) was filtered 

washed with cold water, dried and recrystallized from 

ethanol. While compound (10) was extracted by ether (2 × 

25 ml), the ether layer was dried by magnesium sulfate, and 

evaporated under reduced pressure to give yellow oil, 

Tables (1,2). 
 

5-Alkyl amino-1,3,4-(1H)triazole-2-thiol (11,12)[24]
 

A mixture of thiosemicarbazide (5 or 6) (0.005 mole) in 

sodium hydroxide solution (1%, 20 ml) was refluxed for 

(3 hr), the mixture was cooled and acidified with dilute 

hydrochloric acid, the precipitate was filtered off, washed 

with water, dried and recrystallized from ethanol-water, 

Tables (1,2). 
 

4-Amino-5-alkyl amino-1,2,4-triazole-3-thiol 

(13,14)[25] 
A mixture of substituted oxadiazole (7 or 8) (0.005 mole) 

and hydrazine hydrate (5 ml) in ethanol (20 ml), was 

refluxed for (6 h), then the solvent was evaporated under 

reduced pressure. The formed precipitate was filtered off, 

and recrystallized from ethanol, Tables (1,2). 

 

 

 

1-Amino-3,5-dialkyl amino-1,2,4-triazole (15)[26]
 

4-Alkyl semicarbazide (3) (0.002 mole, 0.314 g) was 

heated on sand bath at (90-120 C) for (1 hr). Water (50 

ml) was added and the mixture refluxed for (15 min.), the 

mixture then filtered, the precipitate dried and 

recrystallized from ethanol, Tables (1,2). 
 

1, 2-Diamino-5-alkyl amino-1,3,4-triazole (16)[27]
 

A mixture of substituted 1-alkyl aminocarbonyl 
thiosemicarbazide (5) (0.005 mole) and hydrazine 

hydrate (5 ml, 0.1 mole) was refluxed for (2 h), the 

mixture was cooled, then poured on crushed ice, the solid 

formed was filtered off, washed with water, dried and 

recrystallized from ethanol, Tables (1,2). 
 

Results and discussion 
In the present work the synthesis of di and trisubstituted 

1,2,4-triazoles and 3,5-disubstituted 1,3,4-oxadiazoles, 

1,3,4-thiadiazoles is reported (Scheme 1). Cyclohexyl and 

hexyl amine were treated with methyl chloroformate to 

give Methyl-N-alkyl carbamate (1,2), the esters shows  

cm
-1

 at 1716-1710 (C=O), the esters then converted to the 

4-alkyl semicarbazide (3,4) by their reaction with 

hydrazine hydrate in ethanol, the 4-alkyl semicarbazide 

(3,4) show  cm
-1

 3460, 3342 (N-H) and 1696-1682 

(C=O). The 4-alkyl semicarbazide were treated with 

ammonium thiocyanates to give the corresponding 1-alkyl 

aminocarbonyl thiosemicarbazide (5,6), which show 

absorption at  cm
-1

 3316-3298 (N-H), 1673-1667 (C=O) 

and 1194-1186 (C=S). 

The 1-alkyl aminocarbonyl thiosemicarbazide (5,6) were 

converted to 2-alkyl amino-5-amino-1,3,4-thiadiazole 

(9,10) and 5-alkyl amino-1,2,4-triazole-3-thiol (11,12), 

by their reaction with concentrated sulfuric acid and 

sodium hydroxide respectively. The cyclization of 

substituted thiosemicarbazides to substituted 1,3,4-

thiadiazole may pass through the following mechanism: 

 

 
Whereas 1-cyclohexyl aminocarbonyl thiosemicarbazide 

(5) gave 3,4-diamino-5-cyclohexyl amino-1,2,4-triazole 

(16) by its reaction with hydrazine hydrate. The reaction 

mechanism is a follows: 
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The 2-alkyl amino-1,3,4-oxadiazole-5-thiol (7,8) were 

synthesized from 4-alkyl semicarbazide (3,4) by their 

reaction with carbon disulfide in alcoholic potassium 

hydroxide, the resulting substituted 1,3,4-oxadiazole 

were treated with hydrazine hydrate to give 4-amino-4-

alkyl amino-1,2,4-triazole-3-thiol (13,14). Compound (3) 

was heated at (90-120 C) to give 4-amino-3,5-

dicyclohexyl amino-1,2,4-triazole (15). 

The IR spectral data was show absorption at  cm
-1

: 

Compounds (7,8): 3325, 3290 (N-H), 1622, 1631 (C=N), 

1244, 1228 (C=S) (of thione form). Compounds (9,10): 

3375, 3282 (N-H), 1618, 1634 (C=N). Compounds 

(11,12): 3432, 3248 (N-H), 1210, 1192 (C=S), 1645, 

1638 (C=N). Compounds (13,14): 3348, 3316 (N-H), 

1208, 1186 (C=S), 1636, 1625 (C=N). Compound (15): 

3320 (N-H) and 1642 (C=N). Compound (16): 3343 (N-

H) and 1639 (C=N). The UV spectral data shows 

absorption peaks at max 240-330 nm due to n* 

transition. The spectral and physical data of the prepared 

compounds are listed in Tables (1,2).

 

 
Scheme (1) 

 
 

 

Table (1): Physical data of compounds (1-16) 

 

Comp. 

No. 

Molecular 

formula 

m.p. 

C 

Yield 

% 
Color 

1 C8H15NO2 74 67 White 

2 C8H17NO2 Oily 74 Pale yellow 

3 C7H15N3O 87-90 83 White 

4 C7H17N3O Oily 80 Bright yellow 

5 C8H16N4OS 176 65 Pale brown 

6 C8H18N4OS > 300 55 Light yellow 

7 C8H13N3OS 78-80 52 White 

8 C8H15N3OS Oily 40 Yellow 

9 C8H16N4S 200 d 25 Yellowish brown 

10 C8H16N4S Oily 60 Yellow 

11 C8H14N4S 163 68 Light yellow 

12 C8H14N4S 213-215 71 White 

13 C8H15N5S 157-159 54 White 

14 C8H17N5S 171-173 59 Light yellow 

15 C14H26N6 50-53 47 Yellow 

16 C8H16N6 120-123 51 Light yellow 

 
Table (2): Spectral data of compounds (1-16) 

 

Comp. 

No. 

 cm
-1

 (KBr) UV 

EtOH 

max (nm)
N-H C=O C=S C-O-C C=N 

1 3345 1710 - - - 240 

2 3340 1716 - - - 263 

3 3342 1696 - - - 281 

4 3460 1682 - - - 312 

5 3298 1673 1194 - - 294 

6 3316 1667 1186 - - 325 

7 3325 - 1228 1091 1631 252 

8 3290 - 1244 1110 1622 275 

9 3375 - - - 1618 307 

10 3282 - - - 1634 324 

11 3432 - 1210 - 1645 298 

12 3248 - 1192 - 1638 330 

13 3316 - 1208 - 1625 256 

14 3348 - 1186 - 1636 270 

15 3320 - - - 1642 281 

16 3343 - - - 1639 295 
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R =                  (1,3,5,7,9,11,13,15,16) 

 

R = CH3(CH2)4CH2-   

(2,4,6,8,10,12,14) 
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 من الامينات الاولية الدايازول والترايازولتحضير عدد من معوضات 
 

 شيماء سمير اسماعيل  خالد محمود داؤد  و
 ، موصل، العراق جامعة الموصل، كلية التربية قسم الكيمياء،

 
 الخلاصة

اوكسممما ايا ول و -1،3،4تمممم هممما بمممتا البعمممم تععمممير  ممم   مممم  معوعممما  
ترايممما ولم تمممم مها لمممة بكسممميل عل ممما اممممي  -1،2،4ثايا ايممما ول و -1،3،4

الكيمممل كاربامممما  المثيمممل -Nوبكسممميل اممممي  مممما كلوهورمممما  المثيمممل ليع ممما 
مممم   ممم ل ( 1،3) الكيممل سممميميكاربا ي ا -1 والتمما تمممم تعويلىممما الممم  (2،4)

الىيمممم را ي  المممممايا همممما اتيثممممااولم عولمممم  الىي را يمممم ا  المممم   مها لتىمممما ممممما
ممم   مم ل مها لتىمما ممما ثايوسمميااا  ( 5،6)معوعمما  الثايوسمميميكاربا ي ا  

اتموايوم / عمام  الىيم روكلوريا المركم م تمم مها لمة الثايوسميميكاربا ي ا  
ممممما عممممام  الكبريتيمممما المركممممم  او معلممممول بي روكسممممي  الصمممممو يوم ( 5،6)

مثيممل -6و  (1،،4) ثايا ايمما ول-1،3،4-مثيممل امياممو-2-امياممو-6ليع مما 

معممو   لمم  التمموالام عممول ( 42،44)ثممايول -3-ترايمما ول-1،2،4-امياممو
-1،2،4-اميامو بكسميل عل ما-6-ثاايا اميامو-1،3الثايوسيميكاربا ي  ال  

الكيممممل -1ممممم   مممم ل مها لتممممز ممممما الىيمممم را ي م تممممم مها لممممة ( 45)ترايمممما ول 
ثاممايا كبريتيمم  الكمماربو  همما معلممول بي روكسممي  الصممو يوم ممما  سمميميكاربا ي 
اوكسممممممما ايا ول المعمممممممو م ا  ممممممم  مها لمممممممة معوعممممممما  -1،3،4ليع ممممممما 
 ترايممما ول-1،2،4اوكسممما ايا ول مممما الىيممم را ي  الممممايا معوعممما  -1،3،4

الممم   رجمممة ( 6سممميميكاربا ي  )بكسممميل -1، بيامممما ا  ممم  تسممم ي  (41،43)
1،-42،  م(46)ترايمما ول -1،2،4-يمل امياموثامايا الك-6،3-اميامو-1م 

 ش ص  المركبا  المععرة بال رق ال يهية والهي ياويةم
 

 


