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1. Introduction

Heterocycle chemistry is a very broad field. Heterocycles are cyclic organic molecules containing at least one non-
carbon atom, such as nitrogen or oxygen, which are attracting attention because of their wide range of pharmacological
actions!. Heterocycles constitute the largest classical division of organic chemistry and are of immense importance in both
the biological and industrial fields, the majority of biologically active pharmaceuticals and agrochemicals being
heterocycles. In this group, a key role plays nitrogen containing, five-membered heterocycles such as piroles, pyrazolines,
azoles, oxazoles, oxadiazoles and other’’. Oxadiazole is of considerable interest in chemistry, an interest clearly
demonstrated by the fact that, in recent years, the number of patent applications containing oxadiazole rings has increased
significantly (100%). 1,3,4-oxadiazole is an aromatic heterocyclic compound containing one oxygen and two nitrogen atoms
in a five-membered ring®. 1,3,4-oxadiazole is an aromatic heterocyclic compound containing one oxygen and two nitrogen
atoms in a five-membered ring’.
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Fig. 1. General structure of 1,3,4-oxadiazole and isomers.
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There are three other known isomers for 1,3,4-oxadiazole, namely 1,2,4-oxadiazole, 1,2,3-oxadiazole and 1,2,5-
oxadiazole. While the 1,2,5-oxadiazole isomer is significantly less reported '°, the 1,2,3-oxadizole rings are rather unstable
and these compounds are generally observed in their tautomeric diazoketone form and are relatively complicated to
synthesize'!. However, 1,3,4-oxadiazole and 1,2 4-oxadiazole are better known and more widely studied by researchers'?.

In the context of drug discovery and development, a number of 1,3,4-oxadiazole-containing compounds are
commercially available, including ataluren (A) for the treatment of cystic fibrosis '3, furamizole (B) which has antibacterial
activity ' and doxazosin (C) which possesses the 1,3,4-oxadiazole ring is widely used as an antihypertensive drug '°.
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Fig. 2. (A) Ataluren, (B) Furamizole, (C) Doxazosine levulinate

1,3,4-oxadiazole has various biological activities such as: antifungal'®!7, antiproliferative'®, anticancer'?, antibacterial®,
analgesic?', anticonvulsant??, antihypertensive?® and anti-inflammatory?*25, some oxadiazole analogs are used as muscle
relaxants?®, tranquilizers?’, cathepsin K15 inhibitors?®, angiogenesis inhibitors, HIV integrase inhibitors* and tyrosinase
inhibitors . Other studies have revealed that heterocyclic compounds containing one or more N, O and S atoms can affect
corrosion inhibition in acidic aqueous solutions and metals 3'-7, for which 1,3,4- oxadiazole analogs are the best corrosion
inhibitors®®, and that they have been able to synthesize metal complexes and polymers with different applications in several
fields in recent years3>*°. Given the richness of 1,3,4-oxadiazole chemistry and the diversity of their applications, we present

in this review the important and recent synthetic processes in the synthesis of 1,3,4- oxadiazole analogs reported in the
literature.
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Scheme 1. Methods for the synthesis of 1,3,4-oxadiazole Scheme 2. Methods for the synthesis of 1,3,4-oxadiazole
analogues from hydrazide derivatives. analogues from acylhydrazone derivatives.

=




A. Atifetal. /Current Chemistry Letters 14 (2025) 3

o .
POCI, R\< ?/R
N—N
0 o
H SOCl,, Pyridine R R
At Y,
R N \[(
H N—N
(0]
o :
TsCl, E;N, CH,Cl, R\< ?/R
N—N

Scheme 3. Methods for the synthesis of 1,3,4-oxadiazole analogues from acylhydrazine derivatives.
2. Preparation approaches of 1,3,4- oxadiazole analogs

Nasir Rasool et al.*! synthesized 5-(1-(4-isobutylphenyl)ethyl)-1,3,4-oxadiazole-2-thiol. First, a mixture of ethanol, 2-
(4-isobutylphenyl)propanoic acid and concentrated H>SO4 was heated at reflux to give 2 as a pale yellow oily liquid in 90%
yield and with a melting point at 263-265 °C. Next, 2-(4-isobutylphenyl)propanehydrazide was produced by dissolving
methyl 2-(4-isobutylphenyl)propanoate 2 in methanol (MeOH) with the addition of hydrazine hydrate at reflux at 90-100
°C to give 3 as a white crystalline solid in 88% yield and melting at 77-78 °C. Finally, 2-(4-
isobutylphenyl)propanehydrazide 3 was dissolved in ethanol, KOH and CS, were also added during the reaction. The
mixture was heated to reflux at 95 °C to give 5-(1-(4-isobutylphenyl)ethyl)-1,3,4-oxadiazole-2-thiol as an off-white
crystalline solid in 84% yield, with a melting point of 115-118 °C. This method is a key for the synthesis of compounds that
have significant results (P < 0.05) in terms of seizure severity of mice at 6 Hz (32 mA) and PTZ (80 mg/kg), protection and
mortality as well as significant results of PTZ tests.
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Scheme 4. Synthesis of 1,3,4- oxadiazole analogs by Nasir Rasool et al.

Hala E.M. Tolan et al.*? prepared 1,3,4- oxadiazole analogs, firstly 2,5-dioxo-5-phenylpentanoic acid 5 was dissolved
in ethanol and a few drops of H,SOj4 at reflux to give white ethyl 2,5-dioxo-5-phenylpentanoate 6 in 90% yield. Next, a
solution of ethyl 2,5-dioxo-5-phenylpentanoate 6 in ethanol and hydrazine hydrate was heated at reflux to form pale yellow
2,5-dioxo-5-phenylpentanehydrazide 7 in 78% yield, with a melting point of 123-125 °C. Then, to a solution of 2,5-dioxo-
5-phenylpentanehydrazide 7 in ethanol, a solution of potassium hydroxide in water and carbon disulfide was added. The
reaction mixture was heated under reflux to give yellow potassium salt 8 in 86% yield, with a melting point of 265-267 °C.
Finally, 1-phenyl-4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)butane-1,4-dione was obtained by reacting potassium 2-
(2,5-dioxo-5-phenylpentanoyl)hydrazine-1-carbodithioate 8 with an aqueous solution of potassium hydroxide in water at
reflux for 2 hours. The reaction mixture was treated with dilute hydrochloric acid to pH = 4. The solid obtained was
recovered by filtration, washed with water and recrystallized to give white 1-phenyl-4-(5-thioxo-4,5-dihydro-1,3,4-
oxadiazol-2-yl)butane-1,4-dione 9 in 62% yield, with a melting point of 170-172 °C. The latter was exploited by two routes:
Route 1: a mixture of 1-phenyl-4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)butane-1,4-dione 9, phenacyl bromide in
acetone was heated under reflux for 6 hours to give 1-(5-((2-oxo-2-phenylethyl)thio)-1,3,4-oxadiazol-2-y1)-4-phenylbutane-
1,4-dione 10 in 50% yield and melting point 148-150 °C.
Route 2: a solution of 1-phenyl-4-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)butane-1,4-dione 9 with sodium hydroxide
in ethanol and ethyl iodide was added to the solution, the mixture was heated under reflux for 6 hours to give 1-(5-
(ethylthio)-1,3,4-oxadiazol-2-yl)-4-phenylbutane-1,4-dione 11 in 60% yield and a melting point of 188-190 °C.
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The docking simulation results with PDBID:4hqd and PDBID:5h38 confirmed the antitumor activity of the synthesized
heterocyclic against HepG2 and MCF-7 cell lines. Moreover, it demonstrated different binding affinity, thus confirming the
experimental results.
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Scheme 5. Synthesis of 1,3,4- oxadiazole analogs by Hala E.M. Tolan et al.

Chao Fan et al.¥ produced N-(4-bromophenyl)-3-(5-(4-chloro-3-nitrophenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
18 by a series of reactions. First, chlorosulfonic acid were combined with benzoic acid 12 at reflux at 110 °C for 4 hours,
the white solid 13 was filtered, washed and recrystallized in 82.2% yield. Next, pyridine, bromoaniline, acid 13 were
dissolved in ethyl acetate at 0 °C, the reaction mixture was heated to room temperature to give pink solid 14 in 81.8% yield.
Next, 15 was prepared by reacting of 14, methanol and concentrated sulfuric acid, the mixture was heated at reflux for 2 h
to give a white solid 15 in 88.5% yield. Subsequently, the latter 15, methanol and hydrazine hydrate were heated under
reflux for 2 hours to give a white solid 16 in 71.6% yield. Compound 17 was produced by refluxing 16, an aldehyde
derivative and a catalytic amount of glacial acetic acid for 1 hour to give a white solid 17 in 77.9% yield. Finally,
condensation of 17, t-BuOK, I, and ethyl acetate at reflux at 60 °C for 8 hours gave a white solid 18 in 56.3% yield and a
melting point of 285.3-286.9 °C. The synthesized compound showed IC50 = 70.51 + 0.2 uM against Mtb LeuRS and MIC
=53.57 £ 0.2 pg/ml against Mtb H37Ra.
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Scheme 6. Synthesis of 1,3,4- oxadiazole analogs by Chao Scheme 7. Synthesis of 1,3,4- oxadiazole analogs by
Fan et al. Abdullah Yahya Abdullah Alzahrani et al.

Abdullah Yahya Abdullah Alzahrani et al.** treated 1-(piperidin-4-yl)indolin-2-one 19 with methyl 4-formylbenzoate
in acetic acid in the presence of sodium acetate at reflux for 6 h to give brown (E)-4-((2-oxo-1-(piperidin-4-yl)indolin-3-
ylidene)methyl)benzoate 20 in 89% yield. Next, ester 20 was reacted with hydrazine hydrate in ethanol at reflux for 6 hours
to give (E)-4-((2-oxo-1-(piperidin-4-yl)indolin-3-ylidene)methyl)benzohydrazide 21 of a yellowish-brown color in 65%
yield. The latter 21 was condensed with various benzaldehydes to give 22 of a light gray color in 71% yield, which
underwent oxidative cyclization using potassium carbonate and iodine in 1,4-dioxane to produce indole-bearing 1,3,4-
oxadiazole analogs 23. The inhibition of all compounds was different, ranging from 0.80 = 0.20 to 12.50 + 0.40 uM (against
acetylcholinesterase) and from 1.10 £ 0.20 to 20.30 £+ 0.10 uM (against butyrylcholinesterase), compared with the standard
inhibitor donepezil (IC50 values of 2.16 £ 0.12 and 4.5 £ 0.11 uM, respectively). All compounds were studied in structure-
activity relationship, which was mainly influenced by the nature, number, position and electron-donating or electron-
withdrawing effect of the substituent(s) on the phenyl ring.
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Scheme 8. Synthesis of 1,3,4- oxadiazole analogs by Ramesha Thongolla et al.



Ramesha Thongolla et al.** synthesized (E)-2,3-bis(3,4-dimethoxyphenyl)acrylic acid 26 by reacting a mixture of 2-

(3,4-dimethoxyphenyl)acetic acid 24, 3,4-dimethoxybenzaldehyde 25, acetic anhydride and piperidine under reflux heating
for 12 hours to produce 26 as a white solid in 84% yield. Next, anhydrous VOCIl; was added to (E)-2, 3-bis (3,
4dimethoxyphenyl) acrylic acid solution 26 in CH,Cl, with stirring at room temperature for 6 hours to form acid 27 as a
light yellow solid in 65% yield. Then, the latter 27 was heated to reflux at 80 °C for 3 hours in methanol and concentrated
H2SO04 to give a yellow solid 28 in 72% yield. Subsequently, hydrazine hydrate was added to a stirred solution of methyl
2,3,6,7-tetramethoxyphenanthrene-9-carboxylate 28 in EtOH with reflux heating at 80 °C for about 6 hours to form
hydrazide 29 in 63% yield. Finally, condensation of the latter 29 with various carboxylic acids under reflux in phosphoryl
trichloride POCI; for 4-5 hours at 110 °C gave the 1,3,4- oxadiazole analogs 30. These phenanthrene-linked 1,3,4-
oxadiazole analogs provide an interesting new target for the development of antibacterial agents and support their biological
activities, which is confirmed by the binding energy values with the enzyme B-ketoacyl-acyl transporter protein synthase
IIT (FabH). The newly synthesized analogues were evaluated for their in vitro antibacterial and antifungal activities against
Gram-positive and Gram-negative bacteria as well as fungal strains. They demonstrated moderate antimicrobial activity.

Swadhapriya Bhukta et al.*® were able to synthesize 1,3,4- oxadiazole analogs from 31 and 32 in DMSO in the presence
of I, and K»COj; under reflux at 90 °C. This method allows to obtain a wide variety of substrates with moderate to good
yields and is well suited for functional groups. In addition, a key drug substance, fenadiazole, was extracted using this
method.
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Scheme 9. Synthesis of 1,3,4- oxadiazole analogs by Swadhapriya Bhukta et al.

Manasa A. Doddagaddavalli et al.*” demonstrated the synthesis of N'-(2-chloroacetyl)thiophene-2-carbohydrazide 35 by
condensation of thiophene-2-carbohydrazide 34, ethyl acetate and chloroacetyl chloride at room temperature for 1 hour,
where a pale pink precipitate was formed with a melting point of 68-70 °C. The latter 35 was heated to 40 °C with phosphoryl
trichloride for 2 hours to give 36 with a melting point of 70-72 °C. This product is an intermediate in the production of
1,3,4- oxadiazole analogs that exhibit remarkable antiproliferative activity and a surprisingly selective inhibitory effect
compared to the standard. This particular selectivity could be explained by the synergistic effect of increased cellular uptake
and higher ROS production in cancer cells after irradiation. The developed molecules met the criteria of drug similarity and
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Scheme 10. Synthesis of 1,3,4- oxadiazole analogs by Manasa A. Doddagaddavalli et al.
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Ju Peng et al.*® chose as reagents for the synthesis of (E)-4-(3,5-dimethoxystyryl)phenol, (CH30),SO,, K»COs and
CH;3COCH; to obtain 38 in 36% yield. Next, the latter 38, potassium carbonate, N, N-dimethylformamide and ethyl
bromoacetate were added in a reflux flask at 120 °C for 6 hours to give a white solid 39 in 96-98% yield. Next, 39, absolute
ethanol and hydrazine hydrate were heated to reflux at 120 °C for 6 hours to form a white precipitate 40 in 92-94% yield.
Finally, the latter 40, potassium hydroxide, absolute ethanol and carbon disulfide were heated under reflux for 8-10 hours
to give 41 in 91-93% yield. These products are resveratrol-derived compounds, which are mainly composed of natural
resveratrol. Most of the compounds have exceptional antibacterial properties to combat rice bacterial diseases, which
seriously jeopardize the development of the global rice industry.
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Scheme 11. Synthesis of 1,3,4- oxadiazole analogs by Ju Peng et al.

Wenlian Xie et al. *° have described a method for synthesizing 1,3,4-oxadiazole polymers. Polyphosphoric acid was
heated to 90 °C until completely melted. Next, terephthalic dihydrazide 42 was gradually added with heating over one hour,
giving a homogeneous solution. On reaching 120 °C, polycondensation of the hydrazide groups occurred, leading to
molecular chain growth. After four hours, the reaction solution changed from white to a light yellow liquid of medium
viscosity, whose main component was a polyhydrazide macromolecule 43 as the temperature rose to 180 °C, the hydrazide
group (-C-NH-NH-C-) of the prepolymer cyclized into a five-membered heterocycle, leading to an increase in viscosity and
a color change from light yellow to brown yellow, forming 1,3,4-oxadiazoles 44. This material has good mechanical
characteristics, chemical inertness and thermal stability, as well as high strength and excellent toughness, making it a very
promising material for membrane applications in the market.
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Scheme 12. Synthesis of 1,3,4- oxadiazole analogs by Wenlian Xie et al.




Simone Gastaldi et al.*® synthesized 46 by treating 2-chlorophenylacetic acid 45 with CDI and hydrazine monohydrate
in THF at room temperature with stirring for 18 h to give the white 2-(2-chlorophenyl)acetohydrazide 46 in 85% yield. The
latter 46 and CDI were dissolved in THF and stirred at room temperature for 18 hours to give 5-(2-chlorobenzyl)-1,3,4-
oxadiazol-2(3H)-one 47 as a white solid in 90% yield. This method has simple operating conditions and excellent yield.
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Scheme 13. Synthesis of 1,3,4- oxadiazole analogs by Simone Gastaldi et al.

Aisha Hossan et al.’! performed the synthesis of 4'-(hexyloxy)-[1,1'-biphenyl]-4-carbonitrile by the reaction of 4'-
hydroxy-[1,1'-biphenyl]-4-carbonitrile 48, potassium carbonate, iodohexane, and potassium iodide in dimethylformamide
at reflux for 12 hours at 70 °C to give a white solid 49 in 74% yield. The latter 49 was reacted with NaN3, lithium chloride,
and N-methyl-2-pyrrolidone at reflux at 130 °C for 3 days to provide a white residue 50 in 86% yield. Finally, a mixture of
5-(4'-(hexyloxy)-[1,1'-biphenyl]-4-yl)-1H-tetrazole 50, pentafluorobenzoic acid and N,N'-dicyclohexylcarbodiimide was
added to N-methyl-2-pyrrolidone at reflux at 130 °C for 3 hours to give a white solid 51 in a yield of 72%. The aromatic
nucleophilic substitution (ARNS) reaction was used to synthesize these highly fluorinated organogelators in high purity and
good yields with significant photophysical, solvatochromic, and solvatofluorochromic properties.
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Scheme 14: Synthesis of 1,3,4-oxadiazole derivatives by Aisha Hossan et al.
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P. Bharath Rathna Kumar et al.”®> describe the synthesis of 1,3,4- oxadiazole analogs, first, ethyl 4,4 4-trifluoro-3-
oxobutanoate 53, phenylhydrazine 52 in glacial acetic acid were refluxed for 2 hours, the formed solid 54 was filtered,
washed and recrystallized to give a yellow solid 54 in 85% yield and melting point at 114-115 °C. Then, ester 54 was
refluxed for two hours at 70 °C with hydrazine hydrate in ethanol to obtain bright red solid 55 in 60% yield and melting
point at 96-97 °C. Then, compound 55 was combined with aldehyde derivatives in the methanol with a few drops of acetic
acid and refluxed for 2—-3 hours at 70 °C. Finally, excess acetic anhydride was added to the recrystallized compound 56 and
refluxed for 3—4 hours to obtain 1,3,4-oxadiazole analogs 57. The synthesized compounds showed interesting antibacterial
activity against Gram-positive (Bacillus subtilis, Staphylococcus aureus) and Gram-negative (Pseudomonas aeruginosa and
Escherichia coli) microbes using cup and MIC techniques, moderate antifungal activity against Aspergillus niger and
Candida albicans, with ampicillin and amphotericin B serving as standard references, and significant antioxidant potential
in the DPPH test.
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Scheme 15. Synthesis of 1,3,4-oxadiazole analogs by P. Bharath Rathna Kumar et al.

Ajay Singh Bisht et al.3 studied the synthesis of 5-(pyridin-3-yl)-1,3,4-oxadiazol-2-amine by condensing
hydrazinecarboxamide 59, nicotinic acid 58 and concentrated sulfuric acid under reflux, the solid formed was filtered,
washed and recrystallized in 68% yield and melting point 150-155 °C. The operating conditions of this method are simple
and the synthesized compounds were tested for their ability to capture free radicals in vitro by DPPH and showed promising
results. It is possible that these results will be an essential study for the creation of new therapeutic drugs in the future.
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Scheme 16. Synthesis of 1,3,4- oxadiazole analogs by Ajay Singh Bisht et al.

Kingshuk Mahanty et al.>* prepared 1,3,4- oxadiazole analogs by the reaction of hydrazide derivative 61, Cul and LiCIO4
in DMF in a dipole electrochemical cell with constant current (15 mA) for 1.5 hours at 100 °C to give 62. The
electrochemical method used for the synthesis of N-sulfonyl amidines and 1,3,4-oxadiazoles is characterized by the
activation of the DMF molecule. The successful use of electro-redox in the dehydrative coupling and oxidative cyclization
reactions eliminates the need for stoichiometric chemical oxidants and reduces the production of reagent waste. This
protocol demonstrated a high tolerance to functional groups, offering a wide range of substrates with an isolated yield of

Cul (15 mol%)
LiC104(0,1M)
C(+H)C(-), 15 mA

47-94%.
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Scheme 17. Synthesis of 1,3,4- oxadiazole analogs by Kingshuk Mahanty et al.

Beate Konig et al.? reported the synthesis of 1,3,4- oxadiazole analogs by different procedures:

Procedure A: Benzylamine and 2-chlorpyrimidine-5-carbonitrile 63 were dissolved in ethanol, DIPEA was added and
refluxed at 90 °C for 18 h to obtain 2-(benzylamino)pyrimidine-5-carbonitrile 64 as a yellow solid in 95% yield and melting
point 170-172 °C. The latter 64, NaNs;, NH4Cl and LiCI'H,O were suspended in DMF, the mixture was subjected to
microwave irradiation at 150 W and 100 °C with vigorous stirring for 18 h. After removal of the solvent under reduced
pressure, the crude tetrazole intermediate was dissolved in CH>Cl, and difluoroacetic anhydride at room temperature for 18
h to give 65 as a white solid in 38% yield and melting point 174-176 °C. This procedure requires the use of microwave
which makes the reaction environmentally friendly as it does not have any energy source.
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Cl N/ H
63

NaN; NH,CI
LiCI'H,0
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EtOH, 95%
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Scheme 18. Synthesis of 1,3,4- oxadiazole analogs by Beate Kénig et al. (procedure A)
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Procedure B: Methyl 4-(bromomethyl)benzoate 66 and butylamine were dissolved in THF, the reaction was stirred at
room temperature for 1 h to give methyl 4-((butylamino)methyl)benzoate 67 as a colorless oil in 87% yield. Then, the latter
67 and benzoyl chloride were dissolved in DCM, the mixture was stirred at room temperature for 2 hours to give a yellow
oil, which was dissolved in methanol with hydrazine monohydrate by refluxing at 70 °C for 3 hours. Then, the resulting
hydrazide, DMF, DFAA and Et;N were refluxed at 70 °C for 1 hour. Finally, the resulting difluoromethylacylhydrazide
was taken up in THF, Et;N and Burgess reagent were added and heated at 60 °C for 18 hours giving 68 as a white lyophilized
solid in a yield of 15%. The advantage of this method is that it has a long duration and available raw materials.

o

v n-Butylamine

1, 1 h, THF, 87%
Br.

66 67

Benzoyl chloride
1, 2 h, CH,Cl,
Monohydrate hydrazine
70 °C, 3 h, MeOH
DFAA. Et;N
70°C. 1 h, DMF
Burgess reagent
60 °C, 18 h, THF, 15%

Scheme 19: Synthesis of 1,3,4- oxadiazole analogs by Beate Konig et al. (procedure B)

Procedure C: The reaction between compounds 69, 70, 71 and 72 in methanol in the presence of TEA at reflux for 72
hours gave methyl 4-((N-(2-(benzylamino)-2-oxoethyl)-4-(dimethylamino)benzamido)methyl)benzoate 73. The latter 73,
NaNs3, NH4Cl and LiCI'H20 in DMF were refluxed at 100 °C for 18 hours. The tetrazole derivative formed was dissolved
in toluene, DFAA was added and stirred at 70 °C for 18 hours to obtain a white lyophilized solid 74 in a yield of 9%. The
advantage of this method is that it has raw materials available.

69
+
CN HN. O
TEA \f
- 2 .
70 Reflux, 72 h, McOH N
+ o o
o ~
OH
SN

NaN, NH,CL, LiCIH,0
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)k DFAA

70 °C. 18 h, Toluene, 9%

Scheme 20. Synthesis of 1,3,4- oxadiazole analogs by Beate Konig et al. (procedure C)
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Az-eddine El Mansouri et al.® reacted a carboxylic acid derivative 75 with thionyl chloride in methanol at room

temperature for 3 h to give esters 76, then, ester derivative 76, hydrazine hydrate and ethanol were refluxed for 3 h to give
the desired product 77. Finally, hydrazide 77, chloroacetic acid, phosphorus oxychloride and DCE were refluxed at 80 °C
for 12 h to give 1,3,4- oxadiazole analogs 78. The cytotoxic activity of these compounds against fibrosarcoma (HT-1080),
breast (MCF-7 and MDA-MB-231), lung carcinoma (A-549) and antiviral activity against SARS-CoV-2 were tested. All
cell lines tested were inhibited, but all compounds tested did not demonstrate anti-SARS-CoV-2 activity, with an EC50
greater than 100 pM.
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Scheme 21. Synthesis of 1,3,4- oxadiazole analogs by Az-eddine El Mansouri et al.

Heba E. Hashem et al.’’ successfully prepared 3-(5-(pyridin-3-yl)-1,3,4-oxadiazol-2-yl)-2H-chromen-2-imine by
treating N'-(2-cyanoacetyl)nicotinohydrazide 81 with salicylaldehyde in ethanol in the presence of a catalytic amount of
ammonium acetate at reflux for 4 hours. The solid formed was filtered, washed and recrystallized to give 3-(5-(pyridin-3-
yl)-1,3,4-oxadiazol-2-yl)-2H-chromen-2-imine 83 as reddish brown crystals in 65% yield and melting point 199-200 °C.
The results of a molecular docking study showed that this compound has a higher binding capacity with the main protease
enzyme of SARS-CoV-2. Moreover, ADME properties, in addition to pharmacokinetics and Lipinski rules, revealed that
this newly synthesized compound follows Lipinski rules with high gastrointestinal absorption, making it a promising
potential candidate for COVID-19.
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Scheme 22. Synthesis of 1,3,4- oxadiazole analogs by Heba E. Hashem et al.



A. Atifetal. /Current Chemistry Letters 14 (2025) 13
Shouxing He et al®® described an efficient synthesis of (5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl
hexylcarbamodithioate 89 . Hexan-1-amine 84, NaOH and CS; were stirred in tetrahydrofuran at 120 °C for 3 hours to give
sodium hexylcarbamodithioate 85, the latter and methyl chloroacetate were stirred in tetrahydrofuran for 3 hours to give
ester 86, which was combined with hydrazine hydrate and refluxed for 3 hours to give hydrazide 87, the latter was reacted
with KOH and CS; in tetrahydrofuran for 3 hours to give 88. (5-Thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl
hexylcarbamodithioate 89 was obtained by refluxing 88 for 6 hours followed by acidification with HCI to a white to yellow
solid with a melting point of 66.7-67.7 °C. They introduced this product as a flotation collector to separate malachite from
quartz and calcite by flotation. During microflotation, he observed that this compound had higher flotation and selectivity
for malachite than the traditional collector, octylhydroxamic acid, and enabled efficient separation and enrichment of
malachite. Through contact angles, { potentials and UV spectra, it was proven that this product adhered particularly well to
the malachite surface, and not to that of quartz and calcite.
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Scheme 23. Synthesis of 1,3,4- oxadiazole analogs by Shouxing He et al.

Mohamed Alaasar et al.* performed the esterification of 92 by condensing 4-(benzyloxy)benzoic acid 90 with 2,3,4,5,6-
pentafluorophenol 91 in the presence of N,N’dicyclohexylcarbodiimide and 4-methylaminopyridine in dichloromethane at
room temperature for 72 hours, the resulting ester 92 was reacted with 4-hydroxybenzohydrazide in N,N-
Dimethylformamide at room temperature for 48 hours to afford 4-(benzyloxy)-N’-(4-hydroxybenzoyl)benzohydrazide 93
which was cyclized using thionyl chloride (SOCl,) at reflux for 4 hours under an argon atmosphere to afford 4-(5-(4-
(benzyloxy)phenyl)-1,3,4-oxadiazol-2-yl)phenol 94. This intermediate enables the creation of novel 1,3,4-oxadiazole-based
tetracatenary LCs by incorporating stimulating molecular units into the polycatenary design, representing a promising
strategy for the development of new functional LC materials. Depending on the length of the terminal chains, these
compounds transform into 3D bicontinuous cubic (Cubbi) or columnar phases.

N.N'-dicyclohexylcarbodiimide
4-methy hmmop\ ridine
1t, 72h DCM

tt, 48 h, DMF
BnO. OH SOCI,
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Scheme 24. Synthesis of 1,3,4- oxadiazole analogs by Mohamed Alaasar et al.
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Aoyun Lu et al.® advocated a synthetic approach to 1,3,4- oxadiazole analogs, firstly, 8-benzyl-8-

azabicyclo[3.2.1]octane-3-carboxylic acid 95 and p-toluenesulfonic acid were dissolved in ethanol and refluxed for 8 hours
to give ethyl 8-benzyl-8-azabicyclo[3.2.1]octane-3-carboxylate 96 as a colorless oil in 88% yield. The latter 96 and
hydrazine hydrate were heated in ethanol at reflux for 48 hours to give hydrazide 97 in 60% yield as a white solid. Then, a
mixture of 97, an aromatic carboxylic acid derivative, TEA, and T3P was refluxed in EtOAc at 80 °C under a nitrogen
atmosphere for 8 h to give 98. Finally, 98 in MeCN was added to POCI; while refluxing for 12 h to give the 1,3,4- oxadiazole
analogs 99. All the target compounds were tested in vitro for their nematicidal activity against Bursaphelenchus xylophilus
and Meloidogyne incognita, and showed low to good nematicidal activity.
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Scheme 25. Synthesis of 1,3,4- oxadiazole analogs by Aoyun Lu et al.

Shashikant V. Bhandari et al.®’ have developed a simple method for the synthesis of 1,3,4- oxadiazole analogs by
reacting o-phenylenediamine 100 and alpha-ketoglutaric acid 101 in the presence of HCI to give 102, the latter having was
treated with ethanol in the presence of H,SOj4 to give ester 103 which was treated with hydrazine hydrate to produce 4-(1H-
benzimidazol-2-yl)-4-oxobutanehydrazide) 104. Under micro-irradiation -waves, hydrazide 104 was reacted with various
acids in the presence of POCIl; at a power level of 6 (60%, 420 W) for 6 to 13 minutes to form 1,3,4- oxadiazole analogs
105. Substances containing 1,3,4-benzimidazole oxadiazole are an important class of compounds with a variety of biological
activities. They have shown impressive antioxidant activity compared to their reference standard, ascorbic acid.
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Scheme 26. Synthesis of 1,3,4- oxadiazole analogs by Shashikant V. Bhandari et al.
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Robert Balogh et al.%? performed the synthesis of 1,3,4- oxadiazole analogs by condensing tetrazole 107 and 106 in dry
pyridine refluxing at 130 °C for 24 h under an argon atmosphere. The precipitated product 108 was collected by filtration,
washed and recrystallized. This method involves the preparation of small organic molecules by simply condensing
commercially available tetrazoles and easily synthesized acyl chloride of the thiazolo[5,4-d]thiazole unit in a single method.
An experimental study of the electronic properties of these derivatives was carried out using cyclic voltammetry. The studied
compounds, which have low electron donating capacity and moderate to high electron accepting capacity, are probably not
narrow band gap electron transport materials, since the UV-Vis and cyclic voltammetry results, supported by the theoretical
study, indicate a wide band gap between the HOMO and LUMO orbitals of these compounds. Nevertheless, they may prove
beneficial in wide band gap allowed semiconductors. The band gap of derivatives with electron-donating motifs is small
and the intramolecular charge transfer in the visible light region is high, making them promising candidates for organic
electronics.
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Scheme 27. Synthesis of 1,3,4- oxadiazole analogs by Robert Balogh et al.

Mario S.S. Oliveira et al.®* performed an efficient procedure for the synthesis of 1,3,4- oxadiazole analogs by the reaction
of 110 and an acid chloride derivative 109 in 5 mL of refluxing pyridine for 12 hours. The mixture was poured into ice-
water, filtered under vacuum, washed and recrystallized to give 111. They used DFT calculations to analyze the
photophysical characteristics of the molecules. The measurement of excitation energy corresponds perfectly to the trend
observed in the UV-Vis spectra. An increase in the first calculated hyperpolarizability (B(0)) is observed as pyridine groups

are substituted for thiophenes.
OC12Has
Ar\(o
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Scheme 28: Synthesis of 1,3,4- oxadiazole analogs by Mario S.S. Oliveira et al.

Vaclav Pflegr et al.* performed the condensation of 112 with hydrazine hydrate in methanol with stirring for 3 h at room
temperature to give hydrazide 113 as a pale yellow oil. Then, pyrimidine-5-carbohydrazide 113 was dissolved in anhydrous
acetonitrile and an alkyl isocyanate was added under reflux for 2 h to obtain 114. Finally, this residue 114 was reacted with
p-toluenesulfonyl chloride and triethylamine in dichloromethane for 6 h (up to 12 h) at room temperature to form 115. In
medicinal chemistry, molecular hybridization and isostery are proven methods, and so they have been employed to create
new compounds that could be studied as potential antimycobacterials to combat drug-resistant strains. Hybrid pyrimidine-
1,3,4-oxadiazoles are outstanding antimycobacterial agents that primarily inhibit M. tuberculosis strains without developing
cross-resistance to current drugs, making them promising drug candidates.
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Scheme 29. Synthesis of 1,3,4- oxadiazole analogs by Vaclav Pflegr et al.

Xiaoxiao Zheng et al.* reported an efficient four-step reaction sequence for the synthesis of (E)-1,2-bis(5-(3,5-dinitro-
1H-pyrazol-4-yl)-1,3,4-oxadiazol-2-yl)diazene 120, firstly, 3,5-dinitro-1H-pyrazole-4-carboxylic acid 116 was dissolved in
methanol in the presence of thionyl chloride SOCI, to give ester 117. Secondly, methyl 3,5-dinitro-1H-pyrazole-4-
carboxylate 117 was added to ethanol with 85% hydrazine monohydrate under reflux for 8 hours to give 118 as a pale
yellow solid in 68.5% yield. Third, the solution of KHCO3 in H,O was poured into the suspension of 118 in ethanol with
BrCN with stirring for 24 hours at room temperature to give 119 as a light yellow solid in 62% yield. Fourth, KMnOy in
H>O was slowly added onto 119 in dilute HCI with stirring at 55 °C for 5 hours to give the product 120 in 64% yield.
Researchers are constantly on the lookout for energetic materials offering high detonation performance and low sensitivities.
Compound 119 was created here, with high density and low sensitivity. The sharp increase in crystal density of 119 indicates
that this compound exhibits a more compact packing pattern, which has a beneficial effect on detonation characteristics.
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Scheme 30. Synthesis of 1,3,4- oxadiazole analogs by Xiaoxiao Zheng et al.
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Daniel S. Verdoorn et al.® obtained 1,3,4- oxadiazole analogs by the condensation of p-toluenesulfonyl azide 121, an

acid derivative 122 and N-isocyanoiminotriphenylphosphorane 123 in the presence of cobalt chloride CoCl,and MeCN

under a nitrogen atmosphere at 60 °C in an oil bath for 16 h to afford 124. The advantage of this method is that it's a one-
step process using three components giving average to good yields.
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Scheme 31. Synthesis of 1,3,4-oxadiazole analogs by Daniel S. Verdoorn et al.

Abdulrahman 1. Alharthi et al.%” investigated the condensation reaction of 2-aminobenzhydrazide hydrazide 125 with
aldehyde derivatives 126 in the presence of a reasonable amount (10 mol%) of 1% Zn-promoted Cu/CeO; catalysts (1%
Zn-Cu/Ce0) in aqueous ethanol in a ratio of 6:4 under reflux at 80 °C to give 127. The impact of pure cerium oxide, zinc
nitrate and copper nitrate on the yield and reaction time of 1,3,4-oxadiazole analogs was extensively investigated. Under
optimal conditions, the model compound reached maximum yield (96%) in just 45 minutes. The aim is to design an
affordable, reusable catalyst that can be easily used, generates numerous products and reacts rapidly.
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Scheme 32. Synthesis of 1,3,4-oxadiazole derivatives by Abdulrahman 1. Alharthi et al.
Hua-Wen Meng et al.®® proposed a synthetic route for 1,3,4- oxadiazole analogs by reacting terephthalaldehyde 129 with
2-hydroxyacetophenone 128 in absolute methanol in the presence of 10% NaOH solution while stirring at room temperature
for 4 hours. Then, to a solution of 130 in DMSO, I, was added with refluxing at 110 °C for 12 hours to give 131. Then, the
latter 131 and a hydrazide derivative were dissolved in tert-butanol and stirred at 70 °C for 6 hours to give 132. Finally,
compound 132 was dissolved in dichloromethane with the addition of (diacetoxyiodo)benzene with stirring at room
temperature for 6 hours. Flavonoids derived from 1,3,4-oxadiazole have demonstrated increased pharmacological efficacy.
These substances have been shown to reduce oxidative stress and inflammation, providing a potential means of treating
Parkinson's disease.
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Scheme 33. Synthesis of 1,3,4- oxadiazole analogs by Hua-Wen Meng et al.



18

Valentin Karabelyov et al.® condensed equimolar amounts of a hydrazide derivative 134 and a carboxylic acid derivative
135 in the presence of HATU, DIEA, and Burgess's reagent in THF with stirring for 1-3 h to form 136. These substances
were prepared in high yields. According to the study, some of them demonstrated effective inhibition of hAMAO-B in vitro,
with a more significant inhibitory effect on the enzyme. On the other hand, all compounds tested at 1 pM showed no
statistically significant inhibitory effect on hAMAO-A activity.
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Scheme 34. Synthesis of 1,3,4-oxadiazole derivatives by Valentin Karabelyov et al.

Elham Rezaee et al.” developed a method for the synthesis of ethyl 5-(4-chloro-2-phenoxyphenyl)-1,3,4-oxadiazole-2-
carboxylate 143, firstly, 2,4-dichlorobenzoic acid 137 and phenol 138 were dissolved in DMF in the presence of potassium
tert-butoxide and a catalytic amount of copper powder to give 139 in 88% yield and melting point at 164-166 °C. Then, 139
was dissolved in ethanol in the presence of concentrated sulfuric acid with refluxing for 24 hours to give 140 in 80% yield
as an oil, which was treated with 10 mL of hydrazine hydrate (200 mmol) in 10 mL of ethanol with stirring for 12 hours at
room temperature to give 141 in 84% yield and melting point at 100.5-102 °C. Subsequently, 141 was combined with
ethylchloroglyoxylate in THF in the presence of triethylamine with stirring at room temperature for 3 hours to give 142 in
85% yield and melting point at 185-187 °C. Finally, 142 and P,Os were added to toluene and refluxed for 3 hours to give
143 in 57% yield and melting point 93.8-94.3 °C. They succeeded in synthesizing these compounds in satisfactory yields,
and their in vitro affinity for the rat brain benzodiazepine receptor was assessed by binding them to the radioligand. The
results showed that the majority of the new compounds had affinities even higher than those of diazepam.
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Scheme 35: Synthesis of 1,3,4- oxadiazole analogs by Elham Rezaee et al.



A. Atifetal. /Current Chemistry Letters 14 (2025) 19

H. Maruthesh et al.”! were able to isolate 1,3,4- oxadiazole analogs by the condensation of 2-chloro-3-carbaldehyde

derivative 144 with aqueous semicarbazide solution in ethanol in the presence of 5% acetic acid at reflux for 4 hours to give

145 which was reacted with aqueous ferric chloride refluxed at 80—90 °C for 5—6 hours to give 146. The antimicrobial

activity of all synthesized compounds was studied in vitro by diffusion in agar wells with gentamicin as antibacterial agent.
Following the study, they are potentially antibacterial and antituberculous agents.
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Scheme 36. Synthesis of 1,3,4-oxadiazole derivatives by H. Maruthesh et al.

Arshiya Banu Syeda et al.”? described the synthesis of 1,3,4- oxadiazole analogs by combining 2-amino-5-methylpyridin-
3-ol 147 and 5-aminopyrimidine-2-carbaldehyde 148 in dry DMSO in the presence of Zn nanoparticles with stirring at 90
°C for 1 h to give 149 as a white solid in 76% yield and melting point 188-190 °C. Then, compound 149, acetohydrazide,
I, and K,COj; were heated in DMSO at 110 °C for 12 h to give 150 as a white solid in 67% yield and melting point at 223-
225 °C. This product is used to synthesize biologically active compounds. They have been tested for their preliminary
anticancer properties against different human cancer cell lines, such as prostate cancer, lung cancer, breast cancer, and colon
cancer. These tests were performed using the MTT assay and chemotherapeutic agents such as etoposide as the reference
drug. All drugs demonstrated greater efficacy against all cell lines compared to etoposide.
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Scheme 37. Synthesis of 1,3,4-oxadiazole derivatives by Arshiya Banu Syeda et al.
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Lohit Naik et al.”® synthesized 1,3,4- oxadiazole analogs by the following method, a solution of ethyl naphtho[2,1-
b]furan-2-carboxylate 151 in glacial acetic acid was stirred with bromine at 0 to 5 °C for 3 hours to give 152, which was
dissolved in ethanol with hydrazine hydrate under stirring and refluxed for 2 hours to give 153, the hydrazide 153 was
exploited by two routes:

Route 1: a mixture of 8-bromonaphtho[2,1-b]furan-2-carboxyhydrazide 153 and 4-flurobenzoisisothiocyanates in ethanol
was refluxed for 3 hours to afford 154, which was stirred in ethanol with aqueous NaOH and a solution of I in KI (5%
aqueous) until the iodine color persisted at room temperature followed by refluxing on a water bath to liberate 5-(5-
bromonaphtho[2,1-b]furan-2-yl)-N-(4-fluorophenyl)-1,3,4-oxadiazol-2-amine 155 in 39% yield.

Route 2: To a solution of 8-bromonaphtho[2,1-b]furan-2-carbohydrazide 153 in dioxane, 4-methoxybenzaldehyde was
added under reflux in a water bath for 2 h to form 156 which was suspended in glacial acetic acid with anhydrous sodium
acetate and bromine with constant stirring until the color of bromine faded to give 2-(5-bromonaphtho[2,1-b]furan-2-yl)-5-
(4-methoxyphenyl)-1,3,4-oxadiazole 157 in 47% yield.

The particularity of this method lies in the ability to perform two approaches by modifying the substrates and reagents.

The studied photophysical characteristics of the fluorophores suggest that they could be used as promising candidates for
organic light-emitting diode, solar cell and chemosensor applications.
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Scheme 38. Synthesis of 1,3,4-oxadiazole derivatives by Lohit Naik et al.
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Raltegravir was synthesized by Francesco Caputo et al.”* in several steps. Firstly, a mixture of 160, methanesulfonic
acid and 5% Pd/C (50% moisture) was mixed in an 8:1 methanol/water mixture at 40 °C, then hydrogenated at 1 bar. The
resulting solid was filtered, dried under vacuum at 60 °C to give 34.9 g on 161, in 94.9% yield. Next, a suspension of 5-
methyl-1,3,4-oxadiazole-2-carboxylic acid potassium salt 158 was cooled to 0/5 °C in toluene and DMF. Oxalyl chloride
was added gradually over 30 minutes. After 1.5 hours, toluene was partially concentrated under reduced pressure to around
120 mL. Next, the oxadiazole acid chloride formed 159 was added at 50-55 °C to a stirred suspension of 161, trimethylamine
and acetonitrile. For 2 hours, the reaction mixture was stirred at 50-55 °C, then cooled to room temperature. Finally, water,
glacial acetic acid and ethyl acetate were added. The crystalline solid was collected by filtration, washed with EtOH and
dried to give Raltegravir 162 with 87% efficiency. This approach is both more efficient and more sustainable than what has
been mentioned above.
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Scheme 39. Synthesis of Raltegravir by Francesco Caputo et al.

2-((3,5-Dinitrobenzyl)thio)-5-methyl-1,3,4-oxadiazole was prepared by Galina Karabanovich et al.”® First, 3,5-
dinitrobenzyl thiocyanate 163 was added to a suspension of sodium azide and triethylammonium chloride in toluene. The
reaction mixture was heated at 105 °C for 2 h. After completion of the operation, the precipitate 164 was filtered and washed
at neutral pH as a white solid, with a yield of 68%. Then, a solution of 5-((3,5-dinitrobenzyl)sulfanyl)-1H-tetrazole in acetic
anhydride was heated at 90 °C for 10 h under microwave irradiation to give 166, in 60% yield, as a yellowish solid. The in
vitro activity of this compound was remarkable against Mycobacterium tuberculosis CNCTC My 331/88 and six clinically
isolated strains of multidrug-resistant M. tuberculosis, with minimum inhibitory concentration values as low as 0.03 uM
(0.011-0.026 pg/mL). In addition, it demonstrated highly selective antimycobacterial activity as it did not show activity
against other bacteria or fungi examined in this study. While this compound demonstrated low in vitro toxicity in four
proliferating mammalian cell lines and in isolated primary human hepatocytes.
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Scheme 40. Synthesis of 2-((3,5-Dinitrobenzyl)thio)-5-methyl-1,3,4-oxadiazole by Galina Karabanovich et al.
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3. Conclusion

This review summarized the synthesis strategies of 1,3,4-oxadiazole analogs mentioned in latest years, those strategies
may want to assist researchers plan a brand new molecule containing the 1,3,4-oxadiazole unit. The main synthesis methods
include: cyclodehydration reactions of diacylhydrazines, reaction of hydrazide with carbonyl compound, reaction of
hydrazide with aldehydes, reaction of tetrazoles with acids, reaction of hydrazinecarboxamide with aldehydes and many
others, using different types of catalysts and solvents. Furthermore, we're assured that 1,3,4-oxadiazole will discover huge
packages and retain to draw a whole lot interest in natural synthesis packages given that 1,3,4- oxadiazole analogs constitute
a hoop of bonding and a uncooked fabric for lots interactions of artificial chemistry, coordination complicated chemistry
and reagents, because of the hybrid atoms they incorporate of their composition, which offers them excessive significance
for the reason that they incorporate atoms characterised by way of means of their organic person and pharmacological sports
and fundamental nucleus of many important compounds, nutrients and drugs.
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