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Abstract - Many drugs are producing resistance to the various diseases. So, there is an urgent need to synthesize the new chemical
entities with potent biological activity. This review may help the medicinal chemist to develop the new chemical entities with
Oxadiazole, Thiadiazole and Triazole as the heterocyclic nucleus with higher efficiency and less side effects. This review gives
the information about the synthetic routes of the Oxadiazole, Thiadiazole and triazole.
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l. INTRODUCTION

It is observed that the five membered heterocyclic rings such as Oxadiazole, Thiadiazole and Triazole give variety of biological
activities. [1] [2].
Oxadiazoles are 5-membered heterocyclic fragment compounds consisting of 1 oxygen atom, 2 nitrogen atoms and 2
carbon atoms.[3] Depending on the position of the nitrogen with inside the ring, numerous isomers exist together with 1,2,4-;
1,2,5-; 1,2,3; and 1,3,4-oxadiazole (Figure 1) [4] Various pharmacological activities such as Antibacterial [5], Anti-Fungal [6],
Anticonvulsant [7], Anticancer [8], Antitubercular [9], Antimicrobial [10] as well as Analgesic [11] have been reported for this
scaffold.
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1,2,4-oxad|azo|e 1,3,4-oxad|azo|e l,2,3—oxad|azole 1,2,5- oxadlazole

Fig 1 — Isomers of Oxadiazole
Thiadiazole is a five membered ring system containing two nitrogen atoms, one sulphur, two carbon atoms in ring system. [12,
13] Thiadiazole is found in four forms 1,2 4thiadiazole,1,2,3 thiadiazole,1,2,5 thiadiazole and 1,3,4 thiadiazole. (Figure 2) [14]
Various pharmacological activities such a [15]. Anti-diabetic [16], antimicrobial [17], anticancer [18], antitumor [19], anti-
inflammatory [20], antitubercular [21]as well as antiviral [22] have been reported for this scaffold

@ @ ) : \ /
1,2,4-th|ad|azole 1,3,4-th|ad|azole 1,2,3- thladlazole 1,2,5- thladlazole

Fig. 2 — Isomers of Thiadiazole.
Triazole is one of the classes of organic heterocyclic compounds containing a five membered structure composed of three
nitrogen atoms and two carbon atoms. Two isomers of Triazole are present these are as follows (figure 3):
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N/ H/
1H-1,2,4-triazole 1H-1,2,3-triazole

Fig. 3 — Isomers of Triazole.
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Various pharmacological activities such as antibacterial[23][24][25][26][27], anticancer[28][29][30], anti-proliferative [31]
antitubercular , anti-inflammatory[32], antiviral[33],antifungal [34][35], urease & lipase inhibitors[36] ,anti-tumour activity [37]
antioxidant [38][39] anti-corrosive[40] hypoglycaemic [41] anti-tyrosinase [42] anti-nociceptive, anti-convulsant, anthelmintic
, anti-migraine, sedative, diuretic, muscle relaxant as well as anti- HIV [43][44][45] have been reported for this scaffold.

The research upon these three heterocycles is going on to get the new chemical entities. The synthesis of these three heterocycles
is a very important task now a days. So, to make the work easy for new researchers we have made the review on the synthesis
schemes of these three heterocycles. The various schemes were studied from various research papers and are combined in this

review paper.

I1. Synthetic schemes
2.1 Oxadiazole derivatives
1) Mansouri E. et.al. reported the synthesis of 1,3,4- oxadiazole homonucleosides and their double-headed analogs as
antitumor agents. In the first step N- alkylation of theophylline (0.25 mol) is carried out using ethyl bromoacetate
(0.50 mol) in presence of excess of dimethylformamide (DMF) and potassium carbonate (K2COs3) to give ethyl 2-
(1,3-dimethyl-1,2,6-dioxo-1,2,3,6-tetrahydropurin-7-yl) acetate. The intermediate formed is further reacted with
Phosphoryl chloride (POCI3) to get the product. [47,48] (Figure 4).

N
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Fig. 4 — Synthesis scheme for 7-((5-(chloromethyl)-1,3,4-oxadiazole-2-yl) methyl)-1,3-dimethyl-1H-purine-2,6(3H,7H)-dione.

2) Following synthesis was performed by Zhanga Y. et.al. Benzoic acid (1.5 mol) and N- dihydroxy-1H-indol-5-
carboxamidine (2.0 mol) were reacted in presence of 1-Ethyl-3- (3-dimethylaminopropyl) carbodiimide (EDCI),
Hydroxy benzotriazole (HOBT), N, N-Diisopropylethylamine (DIEA), Dimethylformamide (DMF) to obtain the
oxadiazole derivative. The reaction conditions involved heating in microwave at 180 OC for 20 minutes.[49] (Figure

5).

H
N EDCI, HOBT, DIEA, DMF N

A -
?
R CO,H + / . . 0, .
N Microwave heating at 180 °C, 20min N
Ho” TN H R

Benzoic acid NH; 6-(5-phenyl-1,2,4-oxadiazol-3-yl)-1H-indole
(2)-N'-hydroxy-1H-indole-5-carboxamidine

Fig. 5 — Synthesis scheme for 6-(5-phenyl-1,2,4-oxadiazole-3-yl)-1H-indole.

3) Caneschi W. et.al. reported synthesis of 5-phenyl-1,3,4-oxadiazole-2-thiol. First step involved refluxing of benzoic
acid (0.1 mol) with concentrated sulphuric acid (H,SO.), Ethanol (EtOH), Hydrazine (NH2NH>) (2.0 mol) for 20
hours to form benzo hydrazide. This in the second step when heated at 55% for 48 hours with potassium hydroxide
(KOH), Ethanol and Carbon disulphide (CS;) (4.0 mol) formed the title compounds.[50] (Figure 6).
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o H,SO, conc, EtOH, o
reflux 20h CS,, (4.0 eq) KOH (3.0 eq)
X_Y/\:\>_< » = / \ - / \
— OH H,NNH, (68% m/v EtOH)

ic acid reflux 20h HN=—NH,  EtOH, 55 °C48h
Benzoic aci Benzohydrazide 5-phenyl-1,3,4-oxadiazole-2-thiol

Fig. 6 — Synthesis scheme of 5-phenyl-1,3,4-oxadiazole-2-thiol.

4) This synthesis was reported by Bhati S. et.al. Ethyl 2-(4-methylpiperazine-1-yl) acetate (0.01 mol) is reacted with dry
acetone (0.02 mol) and Potassium carbonate (K2COs) (2 g) and ethylchloracetate (CICH,COOC;Hs) to get 2-(4-
methylpiperazine-1-yl) acetohydrazide. 2-(4-methylpiperazine-1-yl) acetohydrazide is reacted with Hydrazine (NH2NHy),
H0 and Ethanol (C;HsOH) to get 1-methyl-4-((5-methyl-1,3,4-oxadiazole-2-yl) methyl) piperazine.[51]. (figure 7).

) \Nﬁ o R
\N o Dry acetone, K,CO3 k/NQ}\ NH,NH,.H,0 - >\o N/
> " C,HsOH N/
N CICH,COOC,Hs | 2Hs \ = N
o} NH, N

Ethyl 2-(4-methylpiperazin-1-yl) 2-(4-methylpiperazin-1-yl)acetohydrazide 1-Methyl-4-((5-methyl-1,3,4-oxadiazol-2-yl)
acetate methyl)piperazine

Fig. 7 — Synthesis scheme of 1-methyl-4-((5-methyl-1,3,4-oxadiazol-2-yl) methyl) piperazine.

5) Taha M. et.al. reported the synthesis of phenyl linked oxadiazole- phenylhydrazone hybrids. By refluxing methyl-
2-methoxybenzoate (0.3 mol) with Hydrazine (0.1 mol) for 6 hours 2-methoxybenzohydrazide was synthesized.
The resulting 2-methoxybenzohydrazide was reacted with different aromatic aldehydes to yield hydrazone.
Hydrazone upon oxidative cyclization with phenyliododiacetate (Phl (OAc.)) in dry chloroform forms oxadiazole
ring. Further it was converted into the phenyl linked oxadiazole-hydrazide hybrid by reacting with hydrazine
hydrate. [52] (figure 8).
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4-(5-(2-methoxyphenyl)-1,3,4-oxadiazol-2-yl) .
benzohydrazide Methyl 4-(5-(2-methoxyphenyl)-1,3,4-oxadiazol-2-yl)
benzoate

Fig. 8 — Synthesis scheme for methyl-4-(5-(2-methoxyphenyl)-1,3,4-oxadiazole-2-yl) benzoate.

6) Following synthesis was performed by Yadava N. et.al. The 4-(tert-butyl) benzo hydrazide (0.01 mol) was reacted
with carbon disulphide (2 ml) in presence with ethanol and potassium hydroxide (0.01 mol) O degrees for 20
minutes and then refluxed for 4 hours until the Hydrogen Sulfide (H.S) is evolved. The formed intermediate 5-(4-
tert-butylphenyl)-1,3,4-oxadiazole-2(3H)-thione was purified by column chromatography and further reacted with
different amines in the presence of formaldehyde in anhydrous ethanol at room temperature to yield 1,3,4-
oxadiazole thions.[53]. (figure 9).
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NH——NH, N ~. 7
/ CS,, KOH, ethanol, 0 °C / “~NH Amines, HCHO 40% X3
K R Vi N H
\\o 4 hours \_/ o RT, 4-6 hours /K
S o)
4-tert-butylbenzohydrazide

5-(4-tert-butylphenyl)-1,3,4- 5-(4-tert-butylphenyl)-3-((2,3,4-trimethylphenylamino)
oxadiazole-2(3H)-thione methyl)-1,3,4-oxadiazole-2(3H)-thione

Fig. 9 — Synthesis scheme for 5-(4-tert-butylphenyl)-3-((2,3,4-trimethylphenylamino) methyl)-1,3,4-oxadiazole-2(3H)-thione

7) Kumaraswamy B. et.al. reported the synthesis of derivatives of phenyl-oxadiazole hybrids. 4-fluorophenol (0.2
mol) is heated at 40-45 °C with acetyl chloride (0.01 mol) to get 4 fluorophenyl acetate. The prepared 4-
fluorophenyl acetate is treated with Aluminium Chloride (AICls) and methanol at 140-145 °C to get 1-(5-fluoro-
hydroxyphenyl) ethenone. The reaction takes place by one pot Friedel Craft acetylation followed by Fries
rearrangement. The 1-(5-fluoro-hydroxyphenyl) ethenone is reacted with diethyl oxalate and methanol in presence
of Sodium methoxide (NaOMe) at 65-70 °C gives ethyl 4-(5-fluoro-2-hydroxyphenyl)-2,4-dioxobutanoate. Ethyl
4-(5-fluoro-2-hydroxyphenyl)-2,4-dioxobutanoate is treated with hydrochloric acid at 85-90 °C. acid catalysed
cyclisation is the mechanism of reaction. The formed product is then treated with acetic acid at 75-80 °C to get 6-
fluoro-3,4-dihydro-2H-chromene-2-carboxylic acid. 6-fluoro-3,4-dihydro-2H-chromene-2-carboxylic acid is
refluxed with methanol and sulphuric acid the 6-fluoro-3,4-dihydro-2H-chromene-carboxylate. This product is
obtained by hydrogenation. By hydrazinolysis of ester hydrazides was obtained. The hydrazide is a key product for
synthesis of 2, 5 disubstituted 1, 3, 4 oxadiazole by refluxing in Phosphoryl chloride (POCI3) with substituted
aromatic carboxylic acid derivatives to afford final products. [54,55] (figure 10).
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Fig. 10 — Synthetic scheme for 2-(6-fluoro-3,4-dihydro-2H-chromen-2-yl)-5-phenyl-1,3,4-oxadizole

8) Ningegowda R. et.al. synthesized the series of 12 derivatives for their anti-tubercular activity against
Mycobacterium tuberculosis. The 2,3-dichlorobenzoic acid (131.60 mmol) is refluxed with Methanol (MeOH) (200
ml) and sulphuric acid (H2SOa, 2 drops) to get methyl2,3-dichlorobenzoate. Then this prepared benzoate is refluxed
with Hydrazine hydrate (NH.-NH..H.O) and Ethanol (EtOH)to get 2,3-dichlorobenzohydrazide. This 2,3-
dichlorobenzohydrazide is reacted with any acid and Phosphoryl chloride (POCIs) a cyclization agent at room
temperature and the final product with oxadiazole ring is prepared i.e., 2-(2,3-dichlorophenyl)-1,3,4-
oxadiazole.[56] (figure 11)
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Fig. 11 — Synthetic scheme for 2-(2,3-dichlorophenyl)-1,3,4-oxadiazole

9) This synthesis procedure was performed by Khanfara M. et.al. 1-Isothiocynato-4-methylbenzene was heated at 65-
80 °C for 1 hour with Hydrazine (N2H4) and Methanol (MeOH) to get 4-phenylthiosemicarbazide. That formed 4-
phenylthiosemicarbazide (1.0 mol) is treated with acetic acid (1.0 mol) in presence of 1-Ethyl-3- (3-
dimethylaminopropyl) carbodiimide (EDCI) and Dichloromethane (CH.Cl,) to get the desired product 5-methyl-
N-m-tolyl-1,3,4-oxadiazole-2-amine. The thiosemicarbazides were readily prepared by reacting the corresponding
iso thiocyanate with hydrazine under reflux in Methanol (MeOH).[57] (figure 12).

Ry 2 N\N
o
N,H, / MeOH, rt, 1h HN
_s 2Hy - i _< EDCL, CHClprt12h
Z° 65-80 °C HaN HN R+ -
N HO R,

1-Isothiocyanato-4-methylbenzene 4-Phenylthiosemicarbazide Acetic acid 5-Methyl-N-m-tolyl-1,3,4-oxadiazol
-2-amine

Fig. 12 — Synthesis scheme for 5-methyl-N-m-tolyl-1,3,4-oxadiazol-2-amine

10) Chortani S. et.al. performed the synthesis of the quinazoline and oxadiazole hybrid derivatives. 2-Aminobenzamide
(5 mmol) and Benzaldehyde (5 mmol) was heated together under reflux for 24 hours in the presence of dry
Acetonitrile (50 ml) and lodine to form the intermediates. The formed intermediates 2-p-tolylquinazolin-4(3H)-
one, 2-(4-oxo-2-p-tolylquinazolin-3-(4H)-yl) acetohydrazide and n-ethylidene-2-(-4-o0xo0-2-p-tolylquninazolin-
3(4H)-yl) acetohydrazide are treated with Hydrazine (NH2-NH;), Ethanol (EtOH), Monochloroacetic acid (CI-
CH,COOEt). The resulted product 2-(4-oxo-2-p-tolylquinazolin-3(4H)-yl) acetohydrazide was reacted with
Ethanol (EtOH) to produce N-ethylidene-2-(4-oxo-2-p-tolylquinazolin-3(4H)-yl) acetohydrazide. The prepared
product was reacted with the Potassium carbonate (K>COs) and excess of lodine in presence of Dimethyl Sulfoxide
(DMSO) to get the product with the Oxadiazole ring. [58] (figure 13)

0,
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2-p-tolylquinazolin-4(3H)-one 3(4H)-yl)acetohydrazide acetohydrazide

Fig. 13 — Synthesis scheme for 3-((5-methyl-1,3,4-oxadiazol-2-yl) methyl)-2-p-tolylquinazolin-4(3H)-one

2.2 Thiadiazole derivatives

1) Charitos G. et.al. synthesized 3,4 disubstituted 1,2,4 triazolo [3,4 - b] 1,2,4 thiadiazole derivative. In first step ethyl
-2-(N, N- sulphomoyl)- 4-5dimethoxy-phenylacetate (0.01 mol) [59] treated with hydrazine hydrate (0.01 mol) in
xylol allowed to react with carbon sulphoxide (0.015 mol) in mixture of potassium hydroxide (0.015 mol) in ethanol
(150 ml) stirred for 20 hours to obtained 2-(N, N dimethyl sulfamoyl)-4-5 dimethoxy- phenyl acetyl hydrazine.
After that this leads to ring closure with hydrazine hydrate (0.01 mol) and prepared 5[ 2-(N, N dimethyl sulfamoyl)-
4-5 dimethoxybenzyl]-3-mercapto 4 amino-1,2,4 triazole. Resulted solution treated with further aromatic acid (0.01
mol) refluxed for 2 hours solid product filtered was 3,4 disubstituted 1,2,4 triazolo [ 3,4 — b] 1,2,4 thiadiazole. [60]
(figurel4).
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Fig. 14 — Synthesis scheme for 3,4 disubstituted 1,2,4 triazolo [ 3,4 - b] 1,2,4 thiadiazole

2) Khan S. A. et.al. reported synthesis of biphenyl-4yl thiadiazole derivative. First step involved biphenyl-4ylacetic
acid (0.026mol) refluxed with Ethanol (100ml) and sulphuric acid (2.7ml) for 18-20 hours in water bath prepared
ethylbiphenyl-4yl acetate. ethylbiphenyl-4yl acetate(0.1mol) reacted with hydrazine hydrate(0.5mol) in ethanol
refluxed forl2-15 hours prepared biphenyl-4yl hydrazide and then mixture of hydrazide (0.002 mol) and 2-
methylthiocynate (0.002 mol) in ethanol refluxed on water bath and thiosemicarbazides. Thiosemicarbazides (0.004
mol) added in small portion to 30 ml of 2 % sodium hydroxide refluxed for12 hours concentrated under vacuum
filtered the solid Biphenyl-4yl thiadiazole derivative was prepared. [61] (figure 15).

COooH
COOC,Hs CONHNH,
NN O ,NH, H,0

C HsOH
Biphenyl-4-yl-acetic acid Ethylbiphenyl-4-yl acetate Biphenyl-4-yl hydrazide

Ar-NCS

Biphenyl-4-yl thiadiazole derivative

Thiosemicarbazide HNiR

Fig. 15 — Synthesis scheme for Biphenyl-4yl thiadiazole derivative

3) X. Lv etal. prepared Quinazoline-4(3H)-one;1,2,4-Triazolo[3,4-b] [1,3,4] thiadiazole derivative. In first step
Methyl 2 —amino benzoate (2 mol) refluxed with formamide (10 ml) for 12-14 hours to obtained quinazolin-4-one.
In second step it treated with bromo acetate with continuous stirring to prepare ester (3 mol). In third step ester
treated with ethanol (50ml) and refluxed for 12 hours to prepared hydrazide. Then hydrazide dissolved with ethanol
(60ml) and potassium hydroxide (20.0mol) forms intermediate, then in last step intermediate (1.0mmol) reacts with
ethanol (40 ml) and hydrazine hydrate (131.7 mol) then refluxed for 5 hours with Phosphoric chloride to obtained
Quinazoline-4(3H)-one;1,2,4-Triazolo[3,4-b] [1,3,4] thiadiazole. [62] (figure 16).
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Fig.no 16— Synthesis scheme for Quinazoline-4(3H)-one; 1,2,4-Triazolo[3,4-b] [1,3,4] thiadiazole

4) M. Soleiman-Beigi et.al. synthesised phenylamino-5-alkylthio-1, 3, 4-thiadiazole. In first step
Phenylthiosemicarbazide (0.1 mmol) and carbon disulphide (0.3mmol) in dimethylformamide (2.0 ml) stirred for
15 min at RT. Then in step second resulting solution heated at 70 OC for 7 hr. In final step alkyl halide (1.2 mmol)
and Et3N added to hot solution of second step and obtained 2-phenylamino-5-alkylthio-1, 3, 4-thiadiazole
monitored by TLC. [63] (figure 17).

O e E=Q D OB

1-Phenylthiosemicarbazide Carbon disulphide . .
5-(phenylamino)-1, 3 4-thiadiazole-2(3H)-thione 5-(methy|th|o)_-N-pheny|-4,5_-d|hydro-
1,3,4-thiadiazol-2-amine

Fig. no.17 — Synthesis scheme for 2-phenylamino-5-alkylthio-1, 3, 4-thiadiazole

5) Dilek M. et.al. reported synthesis of 4-nitrophenyl thiadiazole derivative. 4-nitrophenyl isothiocyanate (0.1 mol)
and hydrazine hydrate (0.2mol) mixed to prepared 4-(4-nitrophenyl) thiosemicarbazides [64]. Via ring closure
reaction of 4-(4-nitrophenyl) thiosemicarbazides (1) synthesized 5-(4-nitrophenylamino-1,3,4-thiadiazole-2(3h)-
thione [65]. then finally reaction of 5-(4-nitrophenylamino-1,3,4-thiadiazole-2(3h)-thione with N-
(alkyl/aryl)2chlroacetamide was stirred with acetone and potassium carbonate at room temperature for 8 hours
filtered the solution and residue was thiadiazole derivative. [66] (figure 18).
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CS,\KOH Hydrocholoric acid
NH,NH, H,0 T e —
e REFLUX

NHNH,

AN
N\c \r >_; N\NH \’<
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4-(4-nitrophenyl)

thiosemicarbazide 5-(4-nitrophenylamino-1,3,4- thiadiazole derivative

thiadiazole-2(3h)-thione

4-nitrophenyl isothiocynate

Fig.no.18 — Synthesis scheme for 5-(4-nitrophenylamino-1,3,4-thiadiazole-2(3h)-thione
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6) Dilek M. et.al. synthesized a series of 4-(trifluoromethyl) phenyl thiadiazole derivative. In that 4-(trifluoromethyl)
phenyl isothiocyanate (0.01mol) is reacted with ethanol (30ml) and hydrazine hydrate(0.02mol) stirred at room
temperature for 4 hours to prepared 4-(trifluoromethyl) phenyl thiosemicarbazides [67]. The above mixture
(0.01mol) was dissolved with carbon sulphide (0.1 mol) and potassium hydroxide (0.1 mol) in ethanol (30 ml) and
refluxed for 10 hours prepared thiadiazole thions. [68] (figure 19).

Cl
CF4
NH,NH, H,0 (;
_—

Fs
HN s,
HN s o
N NHNH, s
N\ / \( . \( >/
\c\ \ N\\NH
S NH\R

NO,

CS,\KOH RNHCOCH,CI
_ _—
reflux Acetone

N
S ——nH

4-(trifluoromethyl)

henvlisothi ¢ 5-(4-trifluoromethylphenyl) amino- N-(Aryl)-2-[(5-((4-(trifluoromethyl)
phenylisothiocyanate

1,3,4-thiadiazole-2(3H)-thione phenyl)amino)-1,3,4-thiadiazol-2-yl)thio]
acetamide

4-(4-(Trifluoromethyl)
phenyl)thiosemicarbazide

Fig. 19 — Synthesis scheme for N-(Aryl)-2-[(5-((4-(trifluoromethyl) phenyl) amino)-1,3,4-thiadiazol-2-yl) thione] acetamide

7) Ahmet C. et.al. reported synthesis of 2-((5-((4-Chlorophenyl) amino)-1,3,4-thiadiazol-2-yl) thione)-1-phenyl
derivative. In first step hydrazine hydrate (0.1mol) was mixed with 4-Chloro phenyl isothiocyanate (0.22 mol) in
ethanol (40ml) for 2 hours stirred in ice bath to obtained 4- (Chlorophenyl) hydrazine carbothioamide. In second
step mixture of above compound (0.02 mol) carbon disulphide (0.024mol) added ethanol (40ml) with sodium
hydroxide (0.024mol) refluxed for 4 hours. In last step 4 (Chlorophenyl)aminol,3,4, thiadiazole-2-thiol (0.83
mmol) was reacting with 2-bromoacetophenone (0.83 mmol) and potassium carbonate (0.83 mmol) were stirred in
acetone (10 ml) to obtained 2-((5-((4-Chlorophenyl) amino)-1,3,4-thiadiazol-2-yl) thione)-1-phenyl derivative.
[69] (figure 20).

al Cl

7 CF3

NH;NH, H,0 CS,\KOH ﬂ»

_ Al S

reflux
o}
HN s,
/N NHNH, o s \( >/S
N \C\ \H/ \( ] Ly )
\s |

N—nh
4-methyl-4-(4-(trifluoromethyl)

phenyl)thiosemicarbazide 5-(4-chlorophenylamino)-1,3,4- Ry
thiadiazole-2(3H)-thione

4-chloro phenyl isothiocynate

2-((5-((4-Chlorophenyl)amino)-
1,3,4-thiadiazol-2-yl)thio)-1-phenyl

Fig. no. 20 — Synthesis scheme for 2-((5-((4-Chlorophenyl) amino)-1,3,4-thiadiazol-2-yl) thione)-1-phenyl

8) Following synthesis performed by Halit M. et.al. to prepared N- aryl thiadiazole derivative. Thiophene- 3-
carboxylic acid (0.2 mol) chilled in refrigerator with N- Aryl Semi thiocarbazide (0.2 mol) reacted with phosphorus
oxychloride (0.02 mol) drop wise stirred 4 hours at 900C residue was filtered and washed synthesised thiadiazole
derivative. [70] (figure 21).

(@)

N \JKQ — @\<j/ 9

S

thiophene-3-carboxylic acid n aryl semithiocarbazide thiadiazole derivative

Fig.no.21 — Synthesis scheme for N- aryl thiadiazole derivative
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9) Zongjie G. etal. synthesized a series of 2-((5-((4-Chlorophenyl) amino)-1,3,4-thiadiazol-2-yl) thione)-1-
phenylderivative. It involved reaction of benzothiohydrazide (0.2 mol) and N, N-dimethyl acetamide (0.2 mol) with
(0.01 mol) KHSO4 which shows cyclization thiohydrazines acts as transamination or dehydrating agent which
shows thiadiazole ring formation and obtained target compound. [71], (figure 22).

s
KHSO,
NH —_— . R
2
S S ()
H [

HBC/N\(O N—/—N
Thiohydrazide
1,3,4thiadiazole

Fig. no.22 — Synthesis scheme for 2-((5-((4-Chlorophenyl) amino)-1,3,4-thiadiazol-2-yl) thione)-1-phenyl

10) M.T.Javid et.al. reported synthesis of 2-amino 1,3,4 thiadiazole derivative. First step involved thiosemicarbazides
(2 mol) and Benz aldehyde (1 mol) was refluxed with hydrochloric acid (2-3 ml) were refluxed with ethanol (10
ml) for 3-4 hours. In final step cyclization was done by iodine (0.1mol) and potassium carbonate (0.1mol) with 1,
4 dioxane refluxed for 4 hours at 80 OC above mixture was cooled at room temperature and solid particle was
collected. [72] (figure 23).

S
(o]
\ o _MeOHHO \”/ 1,4-dioxane ©_<
2!
/NHZ
y N ACOOH : K2C03

Benzaldehyde thiosemicarbazide Intermediate 2-amino-1,3,4 thiadiazole

Fig.no.23 — Synthesis of 2-amino-1,3,4 thiadiazole

2.3 Triazole derivatives
1) Grytsaia O. et.al. reported the Synthesis of N,3-diphenyl-1H-1,2,4-triazol-5-amines is done by reaction of benzoyl
chloride (1 mol) with substituted anilines(1mol) and aryl carbonyl isothiocyanate (1.1 mol) refluxed for 12 h to give N-
(phenylcarbamothioyl) nicotinamides (1 mol) then it reacted with hydrazine hydrate (3 mol) and 1,4 —dioxane (10
ml/Immol) at 0 °C The reaction was stirred for 24—30 h at room temperature to get the product [73] (figure 24).

1 4 dloxane
- substituted aniline 0 Crm, 12 h J\
reﬂux 12h X CH

NH,SCN ,acetone,r.t., 2h
Benzoyl chloride N- (phenylcarbamothloyl) benzamides N,3-diphenyl-1H-1,2,4-triazol-5-amines

[e]

Fig. 24 — synthesis scheme for N-3-diphenyl-1H-1,2,4-triazol-5-amines.

2) Following synthesis was performed by Lin S. et.al. hydrazonoyl chlorides (5.0 mmol, 1.0 mol) react with bubbled
ammonia (NHs) in presence of dioxane solution (2.9 ml) at 0 °C for 24 h to formed hydrazo amides which reacted with
2.0 mol of 2-chloroacetyl chloride and NEt3 (5.0 mol) in toluene solution at refluxed for 5 h to yield methyl 5-
(halomethyl)-1-aryl-1H-1,2,4-triazole-3-carboxylate derivatives [74] (figure 25).

o o
cl HN
- - \)L
solvents \
N _— N
NH,OH NEI3 , toluene :
NH i X= Cl Br
Ar/ A'/ OMe
[e]
Hydrazonoy! chlorides Hydrazonamide methyl 5-(halomethyl)-1-aryl-1H-1,2,

4-triazole-3-carboxylate derivatives

Fig. 25 — synthesis scheme for methyl 5-(halomethyl)-1-aryl-1H-1,2,4-triazole-3-carboxylate.
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3) Zhang I. etal. reported the synthesis of 5-(2-flurophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol In the first step 2-
flurobenzoic acid in presence of thionyl chloride , ethanol refluxed for 3 h to formed ethyl 2-flurobenzoate then it
reacted with hydrazine hydrate and ethanol to give 2-flurobenzohydrazine then it react with phenyl isothiocyanate
and ethanol refluxed for 3 h to form 1-(2-flurobenzoyl)-4-phenylthiosemicarbazide [75][76] the intermediate formed
is further reacted with sodium hydroxide and hydrochloric acid refluxed for 4 h. then the solution of 5-(2-
fluorophenyl)-4-phenyl-4H- 1,2,4-trizole-3-thiol (1 mmol) and anhydrous ethanol (10 ml), 4-substituted piperazine (1
mmol) and 37% formaldehyde (3 mmol) is prepared , then the solution was stirred at r.t. for 1-2 h to get the product
[77] (figure 26).

3 o o

) /NH2
on N EOHGh_ "
SOCletOH
— 85% hydrazme
refluxing 3 h hydrate

2-fluorobenzohydrazide

2-fluorobenzoic acid
i phNCS,EtOH

refluxing 3 h

N
E
37%CH 0, NaOH HCL i
4-substituted |EtOH r.t.,1-2 h H
piperazine refluxmg 4h N
N N
H H

1-(2-fluorobenzoyl)-4-phenylthiosemicarbazide

5-(2-fluorophenyl)-4-phenyl-4H
-1,2,4-triazole-3-thiol

/’N@M

N
N

[ >~

N

5-(2-fluorophenyl)-4-phenyl-2-((4-(pyrimidin-2
-yl)piperazin-1-yl)methyl)-2H-1,2,4-triazole-3(4H)-thione

Fig. 26 — synthesis scheme for 5-(2-flurophenyl)-4-phenyl-2-(4-(pyrimidin-2-yl) piperazine-1-yl) methyl)-2H-1,2,4-
triazole-3(4H)-thione.

4) Following synthesis was performed by Dewangan D. et.al. Potassium hydroxide solution at 0.15M, absolute ethanol
(200ml), and pyridyl-2-carbohydrazide 0.10M were mixed and then reacted with carbon disulphide at 0.15M then 150ml
of ethanol was added to the mixture, after dilution, agitation was applied for 12-16h. After16h, 200 ml of dry ether was
added to the resulting solution, to form 5-(pyridine-3-yl)-4H-1,2,4-triazole-thiol [78] (figure 27).

S
N/N

|
X CONHNH, KOH X CONHNHCS'K* reﬂux >\
SH
P — .
* CS, absolute ethanol HC,
N/ agitate 12-16 h =

. . N
Nicotinohydrazide ~Carbon disulfide
5-(pyridin-3-yl)-4H-1,2,4-triazole-3-thiol

Fig .27 — synthesis scheme for 5-pyridin-3-yl-4H-1,2,4-triazole-3-thiol.

5) Beyzaei H. et.al. reported the Synthesis of 1,2,4-Triazole-3-thiones the reaction of aryl hydrazides (Immol) and 4-
nitrophenyl isothiocyanates (1mmol) in presence of Gly/potassium carbonate as a solvent to get carbothioamides.
Condensation of intermediate carbothioamides to yield 1,2,4-triazole-3-thione derivatives occurred at a minimum
temperature of 100 °C [79] (figure 28).
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o N
Gly /K2C0O3 5:1 4 \( -H0 N/N s
N N )\ \( NN =\ s
Ar N \ 5-10 Tsa0n Ar R N
H R OH Ar \R

Aryl hydrazides Isothiocyanates 1,2,4-Triazole-3-thiones

Fig. 28 — synthesis scheme for 1,2,4-triazole-3-thiones.

6) Following reaction was performed by Guillon C. et.al. Reaction of Thiocabonohydrazide with substituted acids to give
4-amino-3-mercapto-5-(R1)-4H-1,2,4-triazole [80] (0.50 mmol) the intermediate formed is further reacted with
aldehyde, trans-cinnamaldehyde (1.16 mmol) solubilized in 4 ml of absolute ethanol or THF. The mixture was stirred
and refluxed usually for 6 hours, and a solid precipitate was obtained. The flask was cooled down to r. temp., then put
in the freezer (-20°C) overnight. The precipitate was filtered and rinsed with cold ethanol (0.323 mmol, 64 %) or
tetrahydrofuran to give the expected 4- (R2-imino)-3-mercapto-5-(R1)-4H-1,2,4-triazole [81] (figure 29).

NH, H
HN N '/\‘ ’\\‘ o
>:SH / ‘—7‘ /4
+ R1ICOOH —— 3 Ry’ 5 SH o, EtOH or THF
HN Ry S | Ry H reflux
A NH,
NH, 2

NH,

aldehyde

Thiocarbonohydrazide 4-amino-3-mercapto-5
-(R1)-4H-1,2,4-triazole

N—N
/\
R, N SH
|
N\/RZ

4-(R2-imino)-3-mercapto-5-(R1)-4H-1,2,4-triazoles

Fig. 29 - synthesis scheme for 4-R2-imino-3-mercapto-5-R1-4H-1,2 4-triazole.

7) Zhang W. et.al. reported the synthesis of 4-(2,4-dinitrobenzylideneamino)-5-m-tolyl-2H-1,2,4-triazole-3(4H)-thione
reaction of benzoic acid with different substituted esters, which includes esterification, hydrazidation, salt formation,
and cyclization. To obtained 4-Amino-5-Substituent-1,2,4-Triazole-3-Thione [82][83][84] (5mmol) was added to the
solution of 2,4-dinitrobenzaldehyde (5 mmol) in glacial acetic acid (10 ml), the mixture was refluxed for about 4 h. The
reaction mixture was left standing overnight and then filtrated to collect product [85] (figure 30).

— /0 EtOH EtOH EtOH o)
/ 98%sto4 NHZNHZHZO CS,KOH J
Y /N o c s
R/ OH reflux 6h OEt NHNHZ R \ Il

reflux 6 h reflux 4h NHNHCK
Benzoic acid

4-Amino-5-Substituent-1,2,4-Triazole-3-Thione

=
% ) AT CHyCOOH Eon | NHaNHaHZO
R reflux 4 h
N -~
s
N

W reflux
HC NO,
2,4-dinitrobenzaldehyde

NO,

4-(2,4-dinitrobenzylideneamino)-5-m-tolyl-2H-1,2,4-triazole-3(4H)-thione

Fig 30 — synthesis scheme for 4-(2,4-dinitronenzylideneamino)-5-m-tolyl-2H-1,2 4-triazole-3(4H)- thione.
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8) Following reaction was performed by Osmanov V. et.al. solution of 1-isoselenocyanato-3-methoxybenzene (20 mmol)
in anhydrous ethanol (20 ml) was added to the boiling solution of 2-(2-thienyl) acetohydrazide (20 mmol) and anhydrous
ethanol (50 ml). The reaction mixture was refluxed for 4 h and cooled to 20°C. A precipitate of N-(3-methoxyphenyl)-
2-(2 thienyl acetyl) -hydrazinecarboselenoamide was formed and filtered off, washed with ethanol (50 mL) and then
with diethyl ether (50 mL). then N-(3-methoxyphenyl)-2-(2 thienyl acetyl)- hydrazinecarboselenoamide (10 mmol) was
added to the aqueous solution of potassium hydroxide (100ml, 10%) and heated to a boil for 5 h. After cooling to r.t.,
the reaction mixture was filtered from dissolved particles and a 10% solution of undissolved was added to pH=3.
Precipitate of 4-(3-methoxyphenyl)-5-(2-thienylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3- selone [86] was washed with

water. (figure 31).
(l) N=C=Se HsOH % Q\
reflux
\©/ Q\)\\ NH-NH, O\}\
N-(3-methoxyphenyl)-2-(2 thienylacetyl)hydrazinecarboselenoamide

1-isoselenocyanato-3-methoxybenzene 2-(2-thienyl)acetohydrazide
\/\
NaOH /H,0 l

LA~

aw

4-(3-methoxyphenyl)-5-(thiophen-2-ylmethyl)-2H-1,2,4-triazole-3(4H)-selenone

Fig 31 — synthesis scheme for 4-(-3-methoxyphenyl)-5-(thiophen-2-yImethyl)-2H-1,2,4-triazole-3(4H)-selenone.

111 Conclusion
Thiadiazole, oxadiazole, Triazole, Tetrazole have attracted considerable attention in the field of medicine due to their structure
and properties. Due to possessing a great activity and importance in medicinal chemistry, this is quite important for synthesis
and work on all derivatives it takes an interest. By the various method of synthesizing of these heterocycles in this review, it may
help in preparing newer compound and evaluate the activity for heterocycle which may use in almost type of disease with high
efficacy and lower side effect. This review may help planning of work for researcher
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