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Background:  

The previous study about the 1,2,4-oxadiazole heterocyclic ring for its distinctive bio-

isosteric characteristics and extraordinarily broad spectrum of biological activities have 

drawn a great deal of interest due to this feature, it is the innovative platform for 

developing new drugs. The synthesis of 1,2,4-oxadiazole derivatives involves several 

methods such as cyclization reactions, condensation reactions or modifications of 

existing scaffolds. Various synthetic routes are evaluated in terms of their efficiency, 

versatility, and scalability. In this study the various one pot synthesis reaction for 1,2,4-

Oxadiazole derivatives. The simple condensation reaction between amidoximes and 

carboxylic acid esters to make 3,5-disubstituted 1,2,4-oxadiazoles in the presence of 

super base medium MOH/DMSO is described using the first reaction at room 

temperature in a single pot method. The some other reaction also studied. In that reaction 

different catalyst used and different condition for synthesis studied. A broad range of 

amidoximes and esters, including aryl, hetaryl, and alkyl ones, were examined. In 

addition to their anti-inflammatory and anticonvulsant properties, 1,2,4-oxadiazole 

compounds have anti-bacterial, antifungal, anticancer, antiviral, antidepressant, 

antiangiogenic, analgesic, anti-insomnia, anti-oedema, antiparasitic, and anti-Alzheimer 

properties in pharmacological activities. The review highlights recent advances in the 

synthesis and pharmacology of 1,2,4-oxadiazole derivatives and discusses potential 

future directions for research in this field. 
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INTRODUCTION 

The 1,2,4-oxadiazole heterocycle was initially 

categorized as an azoxime or a Furo [ab1] diazole 

when it was first synthesized by Tiemann and 

Krüger in 1884[1]. Nearly eight decades after its 

discovery, the heterocycle attracted the attention 

https://www.ijpsjournal.com/
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of scientists when it was shown that it could be 

photochemically altered to generate other 

heterocyclic systems [2]. Early 1940s 

physiological function research on 1,2,4-

oxadiazole derivatives led to the introduction of 

Oxolamine, the first-in-class commercial 

medication containing a 1,2,4-oxadiazole ring, as 

a cough suppressant [3]. Scientific interest in the 

utilization of 1,3,4-oxadiazoles has increased since 

2000[4]. Conversely, 1,2,5-oxadiazole derivatives 

were primarily used as biologically active 

substances with cytotoxic qualities and as High 

Energy Density Materials (HEDMs) [5]. This 

isomer of oxadiazole is the least studied of all 

because of the instability and ring-opening of the 

1,2,3-oxadiazole heterocycle, which causes the 

formation of substituted diazomethanes on [6]. 

The 1,2,4-oxadiazole heterocycle has been the 

subject of numerous studies over the past 40 years, 

which has produced a large number of compounds 

with a variety of biological effects, such as anti-

inflammatory, anticancer, antiviral, 

antiangiogenic, antibacterial, antifungal, 

antidepressant, analgesic, anti-insomnia, anti-

oedema, antiparasitic, and anti-Alzheimer 

anticonvulsant properties. Oxadiazoles are five-

membered heterocyclic elements with one oxygen 

and two nitrogen atoms; they were formerly 

known as furadiazoles. Based on the location of 

the nitrogen atoms, oxadiazoles can be found in 

four different isomers: 1,2,3-, 1,2,4-, 1,2,5-, and 

1,3,4-oxadiazole. [7 

 
Fig. 1. chemical structure of oxadiazole isomers.

Currently, a small number of pharmaceuticals that 

are sold commercially contain the 1,2,4-

oxadiazole nucleus. The drugs Prenoxdiazine, 

vasodilator Butalamine, nonbenzodiazepine 

anxiolytic medicine Fasiplon, antiviral Pleconaril, 

prescription Ataluren for Duchenne muscular 

dystrophy, and drug Proxazole for functional 

gastrointestinal disorders are among them. A 

severe psychiatric condition is major depressive 

disorder [8]. Nonetheless, the fundamental 

pathophysiological pathways responsible for 

depression remain incompletely characterized. 

The N-methyl-D-aspartate (NMDA) receptor 

complex functional antagonists are effective 

antidepressants in pre-clinical tests that is 

indicative of antidepressant activity; consequently, 

co-administration of NMDA antagonists with 

conventional antidepressants was found to have 

additive effects in the forced swimming test in rats, 

leading to the current theory that the NMDA 

receptor complex is a possible site of 

antidepressant action. Animal research on NOS 

inhibitors showed that they have characteristics 

similar to those of an antidepressant after it was 

discovered that nitric oxide (NO) synthase (NOS) 

activity was connected to the NMDA receptor 

complex. Subsequently, these molecules are tested 

to determine whether they can augment the 

antidepressant effects of prescription drugs. It has 

been demonstrated that 7-nitroindazole and NG-

nitro-L-arginine augment the antidepressant 

effects of citalopram, fluoxetine, reboxetine, and 

imipramine. Thus, the NO-cGMP pathway is 

critical in mediating the behavioural effect in the 

forced swimming test. In a different investigation, 

the soluble guanylate cyclase (sGC) inhibitor [1H- 

[1,2,4] Oxadiazole[4,3-a] quinoxalin-1-one] 

(ODQ) reduced the duration of immobility in rats. 

[9] 
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Fig. 2. Number of publications contain antidepressant activity of 1,2,4-oxadiazoles. 

Physicochemical properties of 1,2,4-

Oxadiazole:            

 
Fig. 3. structure of 1,2,4-oxadiazole 

Synthesis: 

Scheme 1:  

In 2017, Baykov et al. published a study describing 

the first one-pot synthesis technique for the 

synthesis of 3,5-disubstituted-1,2,4-oxadiazoles at 

room temperature (RT). The process involved 

matching amidoximes with carboxylic acids, 

methyl or ethyl esters in the super basic medium 

NaOH/DMSO.  [10] 
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Scheme 1. 1,2,4-oxadiazole analogue synthesis in 

the super base phase (X = methoxy or ethoxy, R1 

= 4-methylphenyl, R2 = methyl or phenyl). 

Scheme 2:  

Zarei M. discussed a novel and intriguing one-pot 

process for producing 1,2,4-oxadiazoles that have 

undergone a 3,5-disubstitution. This process 

involves reacting the -COOH group with the 

Vilsmeier reagent and using the appropriate 

amidoximes and carboxylic acids. The benefits of 

establishing this method included good to 

exceptional yields (61–93%), a simple purification 

procedure, the utilization of easily obtainable 

starting ingredients, and a one-pot synthesis 

methodology. [11]. 

O

N

N
R2

R1

NH2OH, TEA, CH2CL2

R2COOH

Vilsmeier reagent

R1 N

Scheme 2:  

The Vilsmeier reagent, which functions as an 

activator of carboxylic acid groups (R1, R2 = 

phenyl, 4-nitrophenyl, 4-chlorophenyl, 2-

methoxyphenyl, methyl, 2-thiophenyl, and other 

chemicals), is used in the synthesis of 1,2,4-

oxadiazoles. 

Scheme 3: 
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Adib and colleagues report a significant 

improvement over previous methods with their 

one-pot, three-component reaction between 

nitriles, hydroxylamine, and aldehydes under 

solvent-free and microwave-irradiation 

conditions. However, the reaction requires aerial 

oxidation and a higher temperature (160°C) to be 

completed. Additionally, we were aware that 

acidic media would induce the nitrile to hydrolyse 

into the corresponding amide, negating the need 

for basic media in the hydroxylamine 

hydrochloride conversion of nitriles to 

amidoximes. Thus, nitrile can be used as the 

starting material in a one-pot synthesis of 1,2,4-

oxadiazoles, but basic media are needed. [12]. 

R1 N

N

R1

OH

NH2

O

R1 NH2

NH2OH.HCl

Acidic media

NH2OH.HCl

Basic media

Scheme: 3  

(R1 = 2-methoxyphenyl, methyl, 2-thiophenyl, 4-

nitrophenyl, 4-chlorophenyl, 2-methoxyphenyl, 

and others). 

Scheme 4:  

The microwave-assisted aryl-nitrile and 

hydroxylamine hydrochloride synthesis, which 

takes place in with the help of a catalyst (MgO, 

CH3COOH, or KF), is also described. Amidoxime 

and acyl chloride mix in a simple two-step process 

to form 1,2,4-oxadiazoles. [13]. 

R1 N

N

R1

OH

NH2

O

N

N
R2

R1

KF, NH2OH.HCl

MW, 100 oC, 5 min

R2COCl

450 W, 130 oC, 10 min

Scheme: 4  (R1 = 2-methoxyphenyl, methyl, 2-thiophenyl, 4-

nitrophenyl, 4-chlorophenyl, 2-methoxyphenyl, 

and others). 

Pharmacological activity

 

Antidepressant activity: 

Depression is a diverse, multidimensional illness 

that presents with behavioral, physiological, and 

psychological symptoms. It is unable to replicate 

many of the depressive symptoms seen in humans, 

as listed in the Diagnostic and Statistical Manual 

of the American Psychiatric Association (DSM 

Pharmacolog
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IV), in mice. These symptoms include excessive 

guilt feelings and recurrent thoughts of suicide or 

death [14]. The forced swim test (FST), also 

known as Porsolt's test or the behavioral despair 

test, is by far the most well-known and often used 

of all the experimental techniques used in 

preclinical depression research. It is known that it 

mainly modifies monoamine neurotransmission, 

while its exact mechanism of action is yet 

unknown. A notable change in antidepressant 

medication screening occurred largely because of 

the FST's relative reliability across laboratories 

and its ability to detect the activity of a wide 

variety of clinically effective antidepressants [15]. 

The basis for both the TST and the FST is the 

observation that, in the face of an inevitably 

unpleasant environment, rodents (often mice, 

though gerbils and rats have also been utilized) 

make initial escape-oriented movements before 

adopting an immobile posture. Mice are 

uncontrollably suspended by their tails during the 

TST, but they are situated in a cylinder filled with 

water for the FST [16].A series of 3,4-

dihydroquinolin-2(1H)-one derivatives was 

developed and synthesized by Deng et al., and 

these derivatives demonstrated good 

antidepressant efficacy. It is commonly known 

that oxadiazole compounds replaced with 

piperazine have inhibitory effects. This 

pharmacophore may therefore provide new lead 

molecules for the manufacture of antidepressants 

for illnesses that mimic depression. [17]. 

H

N
H

H O

O

O

F  
Paroxetine 

F

O

N

N

CH3

CH3

 

Citalopram 

Fig. 4. chemical structure of paroxetine and 

citalopram 

Anti-inflammatory activity: 

Essential characteristics of inflammation include 

redness, swelling, discomfort, heat, and 

malfunction. Inflammation is the body's defence 

reaction to dangerous stimuli including infections 

and irritants. Inflammation pathology is a complex 

process that the organism goes through to get rid 

of harmful stimuli and start the healing process of 

the tissues. An initial NF-κB inhibitor, 1,2,4-

oxadiazole derivative JC01, was identified in order 

to find possible anti-inflammatory drugs that target 

the inhibition of NF-κB activation. 

N

O N NH
A

B
1) NF-kB Pathwat

luciferase assay

2) Nitric oxide production assay

In-house library

(5387 compound)

JC01

Uncontrolled inflammation can lead to the 

development of several conditions such as 

rheumatoid arthritis, osteoarthritis, diabetic 

neuropathy, tumour initiation and progression, and 

inflammatory bowel disease. The 

cyclooxygenases COX-1 and COX-2, which are 
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critical for the inflammatory response, are 

inhibited by the most widely used analgesics and 

anti-inflammatory medications, known as non-

steroidal anti-inflammatory medicines (NSAIDs). 

Unlike COX-1, which is produced by the kidneys 

and gastrointestinal tract and whose suppression 

can have a range of unfavourable effects, COX-2 

is directly produced during the inflammatory 

process, which is noteworthy from a medical 

standpoint The synthesis, in vitro assessment, and 

in vivo testing of 1,2,4-oxadiazoles combined with 

2-mercapto-benzothiazoles as potent 

inflammatory agents have been reported by Yatam 

S. et al. Out of all the compounds developed, 

compound proved to be the most efficient and 

specific against COX-2[18].   

N O

N
CH3

CH3

CH3  

Proxazole 

N

O

N

 

3,5-Diphenyl-1,2,4-oxadiazole 

Fig. 5. chemical structure of proxazole and 3,4-

Diphenyl 1,2,4-oxadiaole. 

As particular COX-2 inhibitors, a class of 1,2,4-

oxadiazol-sulfonamide compounds was developed 

in 2018. Using an assay for carrageenan-induced 

rat paw edema, the produced compounds were 

assessed in vivo. Experiments with hot plates and 

tail immersion have also been conducted on rats. 

(Figure 5) In hot plate and tail immersion testing, 

the substance exhibited the greatest analgesic (5.7 

to 14.3 and 4.5 to 8.0 s, respectively) and anti-

inflammatory (55% reduction of acute 

inflammation, 3 hours after injection) effects at a 

single dose of 40 mg/kg. Sadly, aspirin (6.7 to 23.2 

and 4.5 to 11.3 s in hot plate and tail immersion 

experiment, respectively, at dose of 10 mg/kg) and 

indomethacin (71% of reduction of inflammation, 

3h) were reference compounds that showed higher 

activity than aspirin (figure 5). As a result, altering 

the activity's structure is required to make it better 

[19]. 
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Fig. 6. chemical structure of 4-methoxy-N-{[3-(4-methoxyphenyl)-1,2,4-oxadiazol-5-yl]} benzene 

sulfonamide. 

Anticonvulsant activity: 

Epilepsy is a neurological illness marked by 

frequent and unexpected convulsions that affects 

about 50 million people of all ages. Unfortunately, 

the cause of epilepsy is still unknown because 

congenital anomalies, brain traumas, tumors, 

strokes, and infections can all produce cases of the 

condition [20]. Mohammadi-Khanaposhtani M. 

and associates recently reported on a range of 

1,2,4-oxadiazoles based on acridone and 

coumarin. In mice given maximal electroshock 

(MES) and pentylenetetrazole (PTZ) to produce 
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seizures, these compounds were evaluated as 

effective anticonvulsant medications. [21]. 
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Fig. 7. chemical structure of (5-methoxy-4-methyl-

2- [1, 2, 3] triazol-2-ylphenyl)- {(S)-2-[5-(2-

trifluoromethoxyphenyl)- [1, 2, 4] oxadiazol-3-yl] 

pyrrolidin-1-yl} methanone                                                                  

Antibacterial activity: 

Antimicrobial resistance, or the capacity of certain 

bacteria to fend off the effects of antibiotics, poses 

a threat to public health and wastes limited medical 

resources when left unchecked. An alarming 

increase in potentially fatal infectious diseases is 

caused by multidrug-resistant Gram-positive and 

Gram-negative pathogen bacteria. The University 

of Notre Dame in the United States' O'Daniel P. I., 

et al. found in 2014 a novel class of non-lactam 

medications that could suppress PBP2a of 

Methicillin-Resistant Staphylococcus aureus 

(MRSA). They exerted great effort to create the 

novel antibiotic 1,2,4-oxadiazole. [22]. 

O
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5-(4-fluorophenyl)-3- {4 - [4-( trifluoromethyl) 

phenoxy] phenyl}-1,2,4-oxadiazole 
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N
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3-(1,3-diphenyl-1H-pyrazol-5-yl)-5-phenyl-

1,2,4-oxadiazole 

Fig. 8. chemical structure of 5-(4-fluorophenyl)-3- 

{4 - [4-( trifluoromethyl) phenoxy] phenyl}-1,2,4-

oxadiazole, Oxalamine and 3-(1,3-diphenyl-1H-

pyrazol-5-yl)-5-phenyl-1,2,4-oxadiazole. 

Utilizing the agar diffusion test, a novel class of 5-

(1H-1,2,3-triazol-4-yl)-1,2,4-oxadiazole 

derivatives was synthesized and assessed as an 

antimicrobial agent against fungi (C. albicans) and 

bacteria (S. aureus, B. subtilis, and E. coli) as well 

as Gram-negative (P. vulgaris, P. aeruginosa). 

Recently, this investigation was conducted by 

Krolenko K. et al. The compound 1 (figure 8) 

exhibited superior biological activity over three 

independent series, with a grow inhibition zone 

ranging from 20 to 25 mm, in comparison to the 

reference compounds metronidazole and 

syntomycin, which are commonly used antibiotics. 

Even though 5-(1H-1,2,3-triazol-4-yl)-1,2,4-

oxadiazole derivatives exhibit great promise, no 

additional research has been made public [23]. 
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N O

N

N
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OO

 
Fig. 10. chemical structure of 3-(4-chlorophenyl)-5-

(2-nitrophenyl)-1,2,4-oxadiazole. 

Recently, unique 1,2,4-oxadiazole-2-imidazole 

hybrids were generated as equivalents to a novel 

class of efflux pump inhibitors disclosed by 

Shetnev A. and Haynes K. M. and collaborators 

[26, 27]. Unfortunately, it was discovered that the 

amide moiety of the aforementioned efflux pump 

inhibitors was unstable during the in vivo test. This 

led to the hypothesis that increasing the hydrolysis 

resistance would require replacing the amide 

molecule with 1,2,4-oxadiazole. The antibacterial 

effects of novel compounds were evaluated against 

both Gram-positive and Gram-negative bacteria, 

including P. fluorescent and E. coli, as well as S. 

aureus and B. subtilis. The compound (figure 10) 

turned out to be the most potent derivative, with 

MIC values ranging from 8 to 16 g/mL (MIC 

values for pefloxacin, the reference molecule, 

ranged from 0.008 to 0.5). 

 

 

O
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N

N
H

N
Cl

Cl

CH3

 
Fig. 11. chemical structure of 3-(3,4-

Dicholophenyl)-5-[4-(5-methyl-4,5-dihydro-1H-

imidazol-2-yl) phenyl]-1,2,4-oxadiazole. 

Upare A. A. and associates presented in 2019 with 

inspiration drawn from the structure of cinnamic 

acid.  [28] novel 1,2,4-oxadiazole compounds' 

synthesis and biological assessment as 

antitubercular medications. The addition of the 

1,2,4-oxadiazole moiety to cinnamic acid makes 

sense in order to augment its antitubercular 

properties, as cinnamic acid and its derivatives 

have demonstrated good biological activity against 

Mycobacterium TB. [29]. A new class of powerful 

antimalarial medications, comprising derivatives 

of 1,2,4 oxadiazole-N-acylhydrazone joined 

together, was synthesized and its biological 

activity studied by Dos Santos Filho J. M. and 

colleagues in 2016. [30]. Based on biological 

screening against the blood-stage Plasmodium 

falciparum W2 strain, which is resistant to 

chloroquine, the chemical (figure 11) was the most 

effective derivative, able to reduce the 

development of microorganisms up to 72% at 10 

g/mL. Furthermore, compounds of 1,2,4-

oxadiazole-N -acylhydrazone have shown anti-

Trypanosoma cruzi activity [31, 32]. 

OH

O

CH3

N
NH

O

N

N

Br

O

3-(4-bromophenyl)-N'-[(E)-(4-hydroxy-3-methoxyphenyl)methylidene]-1,2,4-oxadiazole-5-carbohydrazide
 

Fig. 12. chemical structure of 1,2,4-Oxadiazole derivative. 

Anti-Cancer: 

Every year, cancer affects over 20 million people 

globally and claims millions of lives. Regretfully, 

the incidence of new cases of cancer is rising, and 

by 2040, high-developed nations would have 

diagnosed almost 30 million people with the 

disease [33]. Thus, one of the most pressing needs 

of contemporary society and the challenge facing 
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modern medicine is the development of innovative 

cancer therapies or potent medications. Through 

biological research, several of the derivatives of 

1,2,4-oxadiazoles have been proven to be 

efficacious anticancer drugs. Most significantly, a 

new family of apoptosis inducers was discovered, 

consisting of 1,2,4-oxadiazole derivatives that 

were replaced with 3,5-diaryl. Following that, 

investigations into the possible anticancer effects 

of 1,2,4-oxadiazole derivatives have commenced, 

resulting in the creation of an extensive chemical 

library’s [34]. Maftei C. V. et al. recently reported 

the synthesis of 4-(3-(tert-butyl)-1,2,4-oxadiazol-

5-yl)aniline, which has a mean IC50 value of 

approximately 92.4 M against a panel of 11 cancer 

cell lines (human colon adenocarcinoma-CXF HT-

29, human gastric carcinoma-GXF 251, human 

lung adenocarcinoma-LXFA 629, human non-

small cell lung carcinoma-LXFL 529, breast 

cancer-derived from athymic mice's lung 

metastatic site—MAXF 401, human melanoma—

MEXF 462, human ovarian adenocarcinoma—

OVXF 899, human pancreatic cancer-PAXF 1657, 

human pleuramesothelioma cancer-PXF 1752, 

human renal cancer-RXF 486, human uterus 

carcinoma-UXF 1138). Crucially, the substance 

served as a precursor for the creation of other 

substances with stronger antiproliferative 

properties [35]. The biological efficacy of 1,2,4-

oxadiazole-1,3,4-oxadiazole-fused derivatives 

against the cancer cell lines MCF-7, A549, and 

MDA MB-231 was investigated in a recent study 

by Polothi R. et al. The found compounds' 

anticancer effectiveness varied from good to 

exceptional [36]. 

N

O N

F

OH

O

 
Ataluren 

N
O

N

NH2

CH3

CH3

CH3

 
 4-(3-tert-butyl-1,2,4-oxadiazol-5-yl) aniline 

Fig. 13. chemical structure of Ataluren and 4-(3-

tert-butyl-1,2,4-oxadiazol-5-yl) aniline. 

A study by Challa K., Krishna C., and associates, 

synthesized and evaluated C28-modified Betulinic 

Acid (Figure 13) against HeLa cell lines, human 

liver cancer (Hep G2), and human colon cancer 

(Colo 205). It included an ester or amide linker 

connecting the 1,2,4-oxadiazole ring [37]. A 

heterocycle substituted-1,2,4-oxadiazole was 

inserted at position C16 by Mironov et al. [38] to 

create a number of derivatives of Lambertianic 

acid (Figure 13). The obtained compounds 

underwent testing in relation to doxorubicin, a 

widely used anticancer drug used to treat acute 

lymphocytic leukemia, bladder cancer, breast 

cancer, and lymphoma [39, 40]. In human 

childhood and adult T acute lymphoblastic 

leukemia (CEM-13), MT-4, and human adult acute 

monocytic leukemia (U-937) cancer cell lines, 

compounds 2 and 3 (figure 13) showed higher 

biological activity than Lambertianic Acid alone, 

with IG50 values at sub-micromolar 

concentration, according to results obtained by 

Mironov et al. Notably, compound 2 and 3 

demonstrated greater cytotoxic activity than 

doxorubicin. 

CH3

CH3
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CH3

CH2
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CH3
CH3

CH3

CH3  
Betulinic acid 
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compound 3 

Fig. 14. chemical structure of Betulinic acid, 

Lambertianic acid, comp.2 and comp.3. 

The research by Kucukoglu K. et al. examined a 

panel of eight cancer cell lines in vitro using a 

sequence of Schiff bases fused with 1,2,4-

oxadiazole heterocycle. In comparison to 5-

fluorouracil, a multi-acting medication used as a 

reference (CC50 = 214.3 M) for treating cancers 

of the colon, esophagus, stomach, breast, and 

pancreas (CC50 = 137.3, 79.0, and 140.3 _M, 

respectively), the results showed that compound 

(figure 14) was more biologically potent against 

the Ca9-22 cell line [41]. 

 

N

N

O

N

Cl

 

Fig. 15. chemical structure of 3-phenyl-N-[(E)-

phenyl methylidene]- 1,2,4-oxadiazol-5-amine,                                              

N-[(E)-chlorophenyl) methylidene]-3-phenyl-1,2,4- 

oxadiazol-5-amine 

Moniot S., Forgione M. studied a little over 40 

novels containing substituted 3-aryl-5-alkyl-1,2,4-

oxadiazole derivatives and discovered that they 

were selective inhibitors of NAD+ lysine 

deacetylase, or HDSirt2. Because of this, targeting 

HDSirt2 for the treatment of cancer, age-related 

illnesses, metabolic problems, and 

neurodegenerative diseases is an intriguing goal. 

[42].The biological activity of the resulting 

derivatives was assessed using a continuous assay 

with an a-tubulin-acetylLys40 peptide serving as 

the substrate. Avanzo R. E. and associates 

synthesized nine new diheterocyclic-ribose fused 

derivatives in 2017 using a 5-substituted-1,2,4-

oxadiazole framework. Five-deoxy-5-S-(1,2,4-

triazol-3-yl)-2,3-O-cyclopentylidene-D 

ribofuranoside derivatives may have modest 

antitumor properties, according to their earlier 

research. The ribose-derivative structure's 

anticancer activity was found to increase upon the 

addition of the 5-substituted-1,2,4-oxadiazole 

heterocycle. [43, 44]. Abd el Hameid M. K. has 

reported the discovery of 15 new 1,2,4-oxadiazole 

derivatives that are naturally occurring analogs of 

terthiopene, terpyridine, and prodigiosin. These 

substances have strong cytotoxic and pro-

apoptotic effects against different types of 
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carcinoma. (Figure 15) [45]. When the obtained 

compounds were evaluated against the MCF-7 

cancer cell line, the most effective ones were 

selected for further testing against the human 

colon cancer cell line, HCT-116. Compound 4 

(figure 16) exhibited the highest activity against 

MCF-7 and HCT-116, according to the results, 

with IC50 values of 0.48, 0.78, 0.19 _M and 5.13, 

1.54, 1.17 M, respectively. 

S S

S

Terthiopene
 

N

N

N

Terpyridine
 

N

O

N

N

N
N N

Cl

CH3

O

CH3

Suvorexant
 

Fig. 16. chemical structure of Terthiopene, 

Terpyridine and Suvorexant. 

De Oliveira V. N. M. and associates from DCC 

synthesized a set of substituted N-cyclohexyl-3-

aryl-1,2,4-oxadiazole-5-amines in 2018 under 

MWI and related arylamidoximes. The antitumor 

activity of these compounds was assessed in 

human prostate (PC-3), human astrocytoma (SNB-

19), and human hCT-116 cancer cell lines. [46]. 

After additional testing against five cell lines, it 

was discovered that compounds 5 and 6 (figure 16) 

had the highest activity: mouse melanoma 

(B16F10), mouse adipose (L929), PC-3, SNB-19, 

and HCT-116. Pharmaceuticals2020, 13, 111 16 of 

45 48.37 M. was the range where the IC50 values 

showed their activity. However, the levels of 

inhibition remained considerably lower than those 

of the reference compound, doxorubicin, 

suggesting that additional modifications to the 

chemical structure are required in order to improve 

the activity. 

N
S

N

N

O

CH3

CH3

O

CH3 

Compound 4 

N

N O

NHCH3

 

Compound 5 

N

N O

NHBr

 

Compound 6 

Fig. 17. chemical structure of comp.4, comp.5 and 

comp.6. 

Ten novel compounds with a benzofuran group 

that are based on 1,2,4-oxadiazole derivatives 

were synthesized and biologically assessed in 

Pervaram S.'s study. The MTT assay was used to 

determine the antiproliferative potency of the 

obtained compounds with respect to the cancer cell 

lines A375, HT-29, and MCF-7. At sub-

micromolar concentrations, compounds 7 and 8 
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(figure 17) showed encouraging cytotoxic activity 

when compared to the reference compound, 

combretastatin-A4. Remarkably, the substitution 

of halogen atoms for either EDG or EWG in the 

phenyl ring was linked to a notable decrease in 

biological activity. [47].    

O

N

N

O

O

N

O

N

O

O

 

Compound 7 

O

N

N

O

O

N
O

N

 
compound 8 

Fig. 18. chemical structure of comp. 7 and comp. 8. 

In a 2018 study, Chakrapani B. et al. synthesized 

and evaluated the cytotoxic potential of 1,2,4-

oxadiazole-fused-imidazothiadiazole derivatives 

against the human cancer cell lines A375, MCF-7, 

and ACHN using doxorubicin as a reference 

compound. Figure 18 shows that of the isolated 

compounds, compound 9, exhibited strong 

antitumor activity, with IC50 values ranging from 

0.11 to 1.47 _M against the previously mentioned 

cancer cell line. It is noteworthy that the reference 

compound exhibited similar or slightly decreased 

anticancer activity (IC50 values ranging from 0.79 

to 5.51 _M).[48]. 

N

S

N

N

N

N

O

CH3

Cl

F

F

F

 
Compound 9 

N

NH

N

O

N

CH3

N

N

NHOH

CH3

O

 

Compound 10 

Fig. 19. chemical structure of comp. 9 and comp. 

10. 

A unique class of substituted 1,2,4 oxadiazole-

arylsulfonamides was found to be selective CA 

inhibitors in a recent study by Krasavin M. et al., 

with possible uses in cancer therapies. [49, 50] A 

comprehensive study (conducted by the same 

research team) examining various substituted 

heterocyclic compounds with sulfonamide moiety, 

such as 1,3 oxazole, isoxazole, imidazoline, and 

pyrazole, revealed that the biological activity and 

selectivity of 1,2,4-oxadiazol-5-yl-benzene 

sulphonamides were exceptionally high. [51].  The 

study by Yang F., Shan P., and colleagues has 

identified a new class of 1,2,4-oxadiazole 

derivatives based on hydroxamate as HDAC 

inhibitors. [52]. Four of the obtained compounds 

were tested for their inhibitory potential against 

HDAC-1 at a concentration of 20 nm, and their 

results were compared with that of 

supraanilohydroxamic acid, the reference 

compound. Suberanilohydroxamic acid (SAHA), 

also known as Vorinostat, received FDA approval 

in 2006 to treat cutaneous T cell lymphoma under 

the brand name Zolinza. [53]. With the IC50 

values of 1.8, 3.6, and 3.0 nm, respectively, 

compound 10 (figure 18) demonstrated the 

strongest HDAC inhibitory activity among the 

synthesized derivatives, especially against HDAC-

1, -2, and -3. 

Anti-Alzheimer’s Activity: 

Alzheimer's disease (AD) is a chronic 

neurodegenerative illness that usually gets worse 

over time, resulting in behavioral issues, 
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disorientation, dementia, and language disorders. 

3 to 9 years after diagnosis, the disease usually 

results in death. Notably, AD affects more than 40 

million people globally and claims roughly 2 

million lives each year. The etiology of AD is still 

poorly understood, despite the fact that the disease 

was first documented more than a century ago [54] 

Acetylcholine (ACh) is a neurotransmitter present 

in brain tissues that is hydrolysed by the enzymes 

acetylcholinesterase (AChE) and 

butyrylcholinoesteraze (BChE). Alzheimer's 

disease is characterized by a decrease in ACh 

concentration (AD) [55AChE inhibitors like 

galantamine, donepezil, and rivastigmine are now 

used to treat AD; however, they only slow the 

disease's progression or lessen its symptoms; the 

disease's progression cannot be stopped or altered. 

Therefore, it is crucial to develop novel, effective 

therapeutic strategies. 

Recently, Zhang J. et al. synthesized and 

biologically assessed coumarin-1,2,4-oxadiazole-

fused hybrids, which are selective AChE and 

BChE antagonists with strong neuroprotective 

activity. [56]. In a previous study, it was 

demonstrated that phenidianidine B modifications 

change the neurotoxic properties of the human 

neuroblastoma (SH-SY5Y) cancer cell line. [57]. 

The obtained 1,2,4-oxadiazole-coumarin 

derivatives were evaluated against BChE and 

AChE. All of the compounds tested had IC50 

values between 89.7 and 45.6 M, which indicates 

moderate activity toward AChE. Out of all the 

BChE inhibitors, compound 11 (figure 19) showed 

the highest selectivity, with IC50 values of 8.2 and 

77.6 M against BChE and AChE, respectively. 

N

N O

NH
O

O

CH3

O

 
Compound 11 

Fig. 20. chemical structure of compound 11. 

Anti-Allodynic Activity:  

 

Neuropathic pain is a major problem on a global 

scale. Nowadays, opioids, anticonvulsants, and 

tricyclic antidepressants are used as treatments for 

chronic pain. But not all of them are effective, and 

when used repeatedly, some of them can have 

major adverse effects (such as potentially fatal 

addiction and abuse). Recently, sigma receptors 

(ϱ1 and ϱ2)—whose precise function is still 

unknown—were mistakenly identified as opioid 

receptors in the past, but they have been 

recognized as possible targets for the treatment of 

drug-resistant tumors and disorders of the central 

nervous system (CNS). [58]. In 2018, Cao X. et al. 

synthesized and evaluated a series of 3-phenyl-

1,2,4-oxadiazole derivatives as potent anti-

allodynic agents with affinity for the ϱ1 and ϱ2 

receptors and minimal simultaneous activity 

against other central nervous system receptors. 

[59]. In accordance with their previous research, 

creating hybrid compounds using the 

pharmacophore of the six-membered heterocyclic 

rings of pyrimidine and pyridazinone in the 1,2,4-

oxadiazole framework improved activity [60]. 

Anti-insomnia Activity:  

An inadequate or unsatisfactory amount of sleep is 

known as insomnia. It is a health problem that 

typically manifests as a lack of sleep, difficulty 

concentrating, difficulty learning, mood swings, 

irritability, and occasionally even the development 

of heart disease, hypertension, dementia, or 

depression. Insomnia is thought to impact up to 

70% of adults overall, making it a significant 

public health issue [61]. Orexin A and B 

neuropeptides were discovered in 1998, and since 

then, its antagonists, such as lemborexant and 

almorexant, have advanced to clinical trials [62]. 

The FDA approved Suvorexant (Figure 13) as the 

first Dual-Orexin Receptor Antagonist (DORA) in 

2014. It is marketed as Belsomra and is used to 

treat insomnia [63]. There is still a need for more 

powerful substances with improved 

pharmacological profiles and safety though, as 
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common side effects include muscle weakness, 

sleepwalking, strange dreams, and somnolence the 

following morning [64]. In a recent study [65], 

Brotschi C. and Boss C. created novel 1,2,4-

oxadiazole derivatives to be used as DORAs. This 

research is an extension of the long-term effort to 

develop a potent drug for the treatment of primary 

insomnia. Furthermore, phase I clinical trials were 

initiated for compound 12 (Figure 20), which was 

acquired by the aforementioned research group 

[66]. 
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Fig.21. chemical structure of Suvorexant and 

compound 12. 

CONCLUSION: 

The recent surge in interest surrounding the 1,2,4-

oxadiazole heterocyclic ring stems from its unique 

bio-isosteric characteristics and broad spectrum of 

biological activities, making it an attractive 

platform for drug development. The synthesis of 

these derivatives involves diverse strategies, 

including cyclization reactions, condensation 

reactions, and modifications of existing scaffolds. 

Our study explored various synthetic routes, 

evaluating their efficiency, versatility, and 

scalability. Notably, one-pot synthesis reactions 

for 1,2,4-oxadiazole derivatives were investigated, 

with a focus on the condensation reaction between 

amidoximes and carboxylic acid esters using 

different catalysts and reaction conditions. 

The results of our study demonstrate the feasibility 

of synthesizing a wide range of 1,2,4-oxadiazole 

derivatives, encompassing aryl, hetaryl, and alkyl 

substituents. These derivatives exhibit diverse 

pharmacological activities, including anti-

inflammatory, anticonvulsant, antibacterial, 

antifungal, anticancer, antiviral, antidepressant, 

antiangiogenic, analgesic, anti-insomnia, anti-

oedema, antiparasitic, and anti-Alzheimer 

properties. Such pharmacological diversity 

underscores the potential of 1,2,4-oxadiazole 

compounds as valuable candidates for drug 

discovery and development. 

In conclusion, our findings contribute to a deeper 

understanding of the synthetic approaches and 

pharmacological profiles of 1,2,4-oxadiazole 

derivatives, paving the way for future research 

endeavors aimed at harnessing their therapeutic 

potential in various disease contexts. 

ABBREVIATIONS: 

AChE Acetylcholinesterase 

AD Alzheimer Disease 

AMF Acute Myeloid Leukemia 

BChE Butyrylcholinoesterase 

CNS Central Nervous System 

COX Cyclooxygenase 

DSM Diagnostic and statistical manual 

DOR Delta-Opioid Receptor 

DORA Dual-Orexin Receptor Antagonist 

EDC 1-Ethyl-3-(3-dimethylaminopropyl) 

carbodiimide 

EDG Electron Donating Group 

EWG Electron Withdrawing Group 

FDA Food and Drug Administration 

FST Forced swim test 

hCA Human Carbonic Anhydrase 

HDAC Human Deacetylase 

HDSirt2 Human Deacetylase Sirtuin 2 

HEDMs High Energy Density Materials 

KOR Kappa-Opioid Receptor 

Me, Et& Ph Methyl, Ethyl and 

Phenyl 
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MES Maximal Electroshock 

MOR Mu-Opioid Receptor 

MPTP 1-Methyl-4-phenyl-1,2,3,6-

tetrahydropyridine 

MRSA Methicillin-Resistant  

MWI Microwave Irradiation 

NAD+ Oxidized Nicotinamide Adenine 

Dinucleotide 

NMDA N-methyl-D-aspartate 

NSAIDs NON-Steroidal Anti-Inflammatory 

Drugs 

NOS Nitric oxide synthase 

PTZ Pentylenetetrazole 

RT Room Temperature 

sGC Soluble guanylate cylase 

SAR Structural-Activity Relationship 

TST Tail suspension test 

TEA Triethylamine 
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