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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 (1) shows anti-inflammatory
activity[1], and compound (I1) has strong activity against
tuberculosis[2].
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1,3,4-Thiadiazoles  shows anticancer  activity[3],

substituted 1,3,4-thiadiazole used as fiber pigment
compound (11D[4]. Whereas 1,2,4-triazole derivatives
show antifungal activity[5] and anticancer agent as
compound (IV)[6].
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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).
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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
x 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 mi
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



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 x 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 x
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).
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Whereas 1-cyclohexyl aminocarbonyl thiosemicarbazide
(5) gave 3,4-diamino-5-cyclohexyl amino-1,2,4-triazole
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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 v
cm™ at 1716-1710 (C=0), 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 v cm™ 3460, 3342 (N-H) and 1696-1682
(C=0). The 4-alkyl semicarbazide were treated with
ammonium thiocyanates to give the corresponding 1-alkyl
aminocarbonyl thiosemicarbazide (5,6), which show
absorption at v cm™ 3316-3298 (N-H), 1673-1667 (C=0)
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:

H H
AN e
. /N—N\)
RNH—C C —NH;
Yo NID
H/o S

(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 v cm™:
Compounds (7,8): 3325, 3290 (N-H), 1622, 1631 (C=N),
1244, 1228 (C=S) (of thione form). Compounds (9,10):

R—NH2 + C|C02CH3—> R—NH
(1,2

—CO,CH;q

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 An. 240-330 nm due to n—on*
transition. The spectral and physical data of the prepared
compounds are listed in Tables (1,2).
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Table (1): Physical data of compounds (1-16)

Comp.| Molecular| m.p. | Yield Color
No. formula °C %

1 CaHlsNOZ 74 67 White
2 CgHNNOZ Olly 74 Pale ye"OW
3 C7H15N30 87-90 83 White
4 C7H17N3o Olly 80 Brlght ye"OW
5 CgH1sN,OS 176 65 Pale brown
6 CgH1sN,OS > 300 55 Light yellow
7 CgH13N30S 78-80 52 White
8 CgH15N3OS Olly 40 Yellow
9 CsH16N4S 200d 25 Yellowish brown
10 CgH15N4S Olly 60 Yellow
11 CgH1sN4S 163 68 Light yellow
12 CgH14N4S 213-215 |71 White
13 CgH15NsS 157-159 |54 White
14 CgH17NsS 171-173 |59 Light yellow
15 Cl4H26N5 50-53 47 Yellow
16 CsH16Ns 120-123 |51 Light yellow

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

-1
Comp. vcem™ (KBr) EltJC\)/H
No. |N-H|C=0|C=S|C-O-C|C=N
Amax (NM)
1 3345 | 1710 | - - - 240
2 3340 | 1716 | - - - 263
3 3342 | 16%6 | - - - 281
4 3460 | 1682 | - - - 312
5 3298 | 1673 | 1194 - - 294
6 3316 | 1667 | 1186 - - 325
7 3325 | - |1228] 1001 | 1631 252
8 3200 | - [1244 | 1110 | 1622 275
9 3375 | - - - 1618 307
10 [3282] - - - 1634 324
11 [3432] - 1210 - 1645 298
12 |38 - | 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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