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Heterocyclic compounds serve as crucial
structural elements in the field of pharmaceutical
medicinal  chemistry. The five-membered
heterocyclic nucleus of 1,3,4-oxadiazole occupies
a distinctive position within medicinal chemistry
and plays a vital role in the development of
anticancer agents.

Recognized as a significant pharmacophore for approximately 85 years, 1,3,4-oxadiazole is in high
demand across various biological and chemical disciplines. This small and straightforward nucleus is
found in numerous compounds that are the focus of research concerning their properties, synthesis,
derivatives, and pharmacological activities, including anticancer, antibacterial, antimalarial, anti-
inflammatory, antidepressant, analgesic, and antiviral effects. The information regarding these activities
presented in this article may prove beneficial to researchers, facilitating the discovery of new therapeutic
agents for the benefit of society.

Key words: 1,3,4-Oxadiazoles synthesis ,1,3,4-oxadiazole derivatives, pharmacological activities
heteroaromatic ring.
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Introduction

Heteroaromatic ring systems are an important
component of the molecular structure of
bioactive drugs. This is mainly due to their
structural similarity to various bioactive
compounds in the human body, including
nucleic acids, hormones, and neurotransmitters.
Among the various heteroaromatic rings,

oxadiazole is a major heterocyclic compound
characterized by two nitrogen and one oxygen
atoms within a five-membered ring. It
represents one of the four isomers of oxadiazole
and can be derived from furan with two nitrogen
atoms instead of two methylene groups (-CH=),
similar to the nitrogen atom in pyridine (-N=).
The available isomers of oxadiazole are shown
in Figure. 1.

4N 3 N N——N Az_N NA4_ <N
LD AL LI O LD

1,2,4- 1.2,5- 1.2.3- 1,3,4- .
oxadiazole 1,2,3-oxadiazole 1,2,4-oxadiazole

oxadiazole oxadiazole oxadiazole

a b c

4,5-dihydro- 2,3-dihydro- 1,2,4-oxadiazolidine

e f g

Figure-1- isomers for oxadiazole I*!

The suffix —ole (le-f) is used to indicate the
position of double bonds in partially reduced
rings, such as A2- or A4-. On the other hand, the
suffix —olidine refers to a fully saturated ring.
Substituents in these compounds are typically
positioned at N-2(R), N-4(R"), or C-5(R) (1g).
Numerous medications, including raltegravir,
fasiplon, butylamines, oxolamine, pleconaril,
and Nesapidil, incorporate stable oxadiazoles in
their structures. [+

Among five-membered nitrogen-containing
heterocyclic compounds, the oxadiazole core
exhi-bits a wide array of pharmacological
properties. In particular, 1,3,4-oxadiazole has
emerged as a critic-al structural motif in
synthetic medicinal chemistry, serving as a bio
isostere for carboxylic acids, car-boxamides,
and esters. [% Its relevance is highlighted by
ongoing research into its diverse biological

& LElectron withdrawing groups

enhanced COX-2 inhibitoron
whereas electron donating j)
groups had a reverse effect
Substifution at para position
with CINO2 and p-1Bu render
the compound s more cox.2
selectivity

activities, such as anticancer ), antimicrobial [}],
antiviral ), fungicidal '°!, antineoplastic effects
(11 tyrosinase inhibition "2, antibacterial '],
anti-inflammatory properties !4l | antitubercular
effects 13!, and analgesic 1% .

The structure—activity relationship (SAR) of
1,3,4-oxadiazole derivatives reveals several
influential substitutions. For instance, replacing
the phenyl ring with distinct groups such as p-
NO: or p-t-Bu enhances their biological
potential.  Furthermore, = modifying the
methylation pattern to a methyl-sulfonyl
configuration boosts pharmacological interest.
However, substituting the phenyl ring with a
pyridine ring tends to reduce activity. Similarly,
introducing an acetyl group at the nitrogen atom
of the oxadiazole ring does not significantly
alter observed activity, Figure-2- 7]

Replacement of
© & aromatic ring with
‘ pyridine diminshed
COX=2 activity
\_/

MN-acylation did not significantly affect the activity ‘

Figure-2- The structure—activity relationship (SAR) of 1,3,4-oxadiazole
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The 1,3,4-oxadiazole ring exhibits the ability to
interact with a wide variety of pharmacological
targets through mechanisms such as acting as a
hydrogen bond acceptor, participating in ©-n

R

/

RIX N

/

\< . /<

H— \éNu \N//-LNU
x

>\)\ Oxadiazolium salt

(Review article)

stacking or cation-m interactions. Chemically, it
may react via nucleophilic substitution or
through salt formation, as shown in Scheme

(D)®)

R
%O Nucleophilic

—> N substitution

Scheme (1): Nucleophilic substitution or salt formation 1,3,4-oxadiazole ring!!®!

This article presents an overview of general
methodologies for synthesizing various 1,3,4-
oxadiazole derivatives as published in the
literature. These methods aim to assist
researchers working in the field of organic
synthesis to develop new derivatives
incorporating the 1,3,4-oxadiazole moiety,
facilitating the creation of novel drugs for
combating a range of pathological conditions.

General Methods for the Synthesis of 1,3,4-
Oxadiazoles and its derivatives

In 2011, Ivan " and his team reported the
synthesis of a bis-1,3,4-oxadiazole derivative
that includes a glycine moiety. Their approach
began with the esterification of anisic acid,
followed by a reaction with hydrazine hydrate.
The resulting acid hydrazide underwent ring
closure to form a thione—thiol oxadiazole
tautomer (compound 3) through a well-defined
synthetic pathway., as illustrated in Scheme-2.

. NH,NH,.H,0 o
H3zCO CcCOOH ——— H3CO COOCHz ———— X X X X H3CO
EtOH EtOH HN—NH,

2
CS, ,KOH ,
EtOH

3a

N N—N N—NH
S P S 5 S s S
3b
—_— (o]
N—N P N—N

/ N\ s NH,NH,.H,O
H OEt 2N T2 2D
3CO@O “Eon 300@ >*S NHNH,
Ha CI)LC>OCH3
HooCc— ™ )@OCHa +
@ D o S

H,N_CH»-COOH

Scheme-2: glycine moiety within bis-1,3,4-oxadiazole containing !*!

Guin et al (2011) Y reported direct route to
symmetrical and  asymmetrical 2,5 -
disubstituted-1,3,4-oxadiazoles as an imine C-H

functionalization of N-arylidenearoyl-
hydrazide with Cu (OTf)2, Scheme -3.
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N—N
Cu(OTf),,
O5air),Cs,COg3,

/ A\
,12-24 h @AO)\—@

DMF 110°C

(E)-N'-benzylidenebenzohydrazide

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

Scheme- 3: Direct route to synthesize of,5-diphenyl-1,3,4-oxadiazole '*!

Ali Ramazani and his team introduced a one-pot
method for synthesizing 1,3,4-oxadiazole
derivatives in 2011. In this technique, N-
isocyanimino triphenyl phosphorane reacts with
aromatic bis-aldehydes, such as
isophthalaldehyde, in the presence of aromatic
or heteroaromatic carboxylic acids. This
reaction facilitates the formation of sterically

CHO

ArCOOH +
coO

m or p isomers

+
T  PhsP=N—-N=C

hindered 1,3,4-oxadiazole derivatives. Notably,
the process can be performed at room
temperature under neutral conditions. As
highlighted in Plan 4, the approach offers
advantages such as simplicity, clean execution,
compatibility with mild conditions, and the
elimination of side effects, Scheme 4 ?!]

H

_N
N\ b OH
CH C23Nh )\O ~ -+ PhsPO
r.t., 20 |
S/

OHC

Scheme- 4. Synthesis of sterically congested 1,3,4-oxadiazole derivatives *!l,

In the same year, Ashish and collaborators
reported an iodine-mediated, green synthesis of
1,3,4-oxadiazoles using a solvent-free grinding

technique. This alternative method emphasizes
environmental sustainability, scheme-5. [??]

—
R /
~ 1 -~ R \
| /+ | / 2 Io-air o 7/R2
= _— Grinding ,RT N[\)—@ + H,LO
CHO CONHNH, N
1(a-i)
a | b c d e f g | n | i
Rl H 4-Cl 4-Cl 4-Cl1 4-C1 4-Cl 4-Br 4-.CH3 [4-051—]3
Rz 4-Cl 4-Cl 2.1 | 4-ocEs| 3-CH3 [4MO2 | 2.0 4 N2 |4-0cm

Scheme-5- liodine-mediated green synthesis of 1,3,4-oxadiazoles [**!

In 2012, Pouliot and colleagues developed a
method for synthesizing 1,3,4-oxadiazoles
from 1,2-diacylhydrazines using a novel ring-

dehydrating agent—diethyl amino-difluoro-
sulfonium tetra-fluoroborate ([Et2NSF2] BF4),
also referred to as Xtal Fluor-E, Scheme -6. [**]

N N—N
R4 N\ )k / \
Y N Ry XtalFluor-E AcOH, R R
H DME 90°C ,12 h 1 (o) 2

Scheme-6- Synthesize of 1,3,4-oxadiazoles new cyclodehydration agent 1**!

AJPS (2025) 831

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25. No.5

(Review article)

Also in 2012, Kerimov and his team synthesized
derivatives of  2-amino-1,3,4-oxadiazoles
incorporating a benzimidazole moiety. This was

NH,

Iz

R= 2-ClI , 4-ClI

CNBr
MeOH

achieved through the reaction of acetohydrazide
derivatives with cyanogen bromide, as depicted
in Scheme 7. 124

N—pN
/©/<O)\NH2
R

Scheme-7. Preparation of 5-aryl-2-amino-1,3,4-oxadiazole compounds **!

Sanjeev and colleagues (2013) synthesized
1,3,4-oxadiazole derivatives using a multi-step
electrolytic method. The process begins with the
deprotonation of a precursor to form an anion,
which then undergoes rearrangement and
generates a free radical following one-electron

X

4-formylphenyl acetate

N/N

oxidation. A second electron oxidation converts
the free radical into a carbocation, which
facilitates the formation of a carbon-oxygen
bond, completing the ring structure as outlined
in Scheme-8. [*°]

(0]

AcONa )k
—— AcO CH=NNH NH,

hydrazinecarboxamide

4-((2-carbamoylhydrazono)methyl)phenyl acetate

/

N—N

>\ 2e, -2H"
NH, CH3CN LICLO4

4-(5-amino-1,3,4-oxadiazol-2-yl)phenyl
acetate

HHO NH,
AcO

(1Z,N'E)-N'-(4-acetoxybenzylidene)carbamohydrazonic acid

Scheme- 8: Electrochemical synthesis of 2-Amino-5-substituted 1,3,4-oxadiazole °

Thasneem and collaborators (2014) synthesized
chalcone-linked 1,3,4-oxadiazoles by
combining  substituted  chalcones  with

AJPS (2025) 832

substituted oxadiazoles. The reaction steps are
illustrated in Scheme-9. 16
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o
NH->
N
H
HO

R'CgH5COOH POCI3 4h

RrR1
O\,/®/

N—N
A (S-phenyl-1_3 4_oxadiazol-2-yiyphaemol

R
R o O\,/®/
=g o < O
- N—N
o

R= OH , CI
R7’= NO, , NH, ,OH

Scheme -9: synthesis of 3-(4-(4-(5-(2,4-dihydroxyphenyl)-1,3,4-oxadiazol-2-yl) phenoxy) phenyl)-

1-phenylprop-2-en-1-one.

Salva (2015) reported the synthesis of 2-aryl-
and 2-alkenyl-1,3,4-oxadiazoles using copper
oxide nanoparticles as a catalyst. The reaction
involved 1,3,4-oxadiazoles with aryl or alkenyl
halides, achieving high yields. The noteworthy

[26]

advantage of this method is the catalyst’s
reusability, making it practical for large-scale
synthesis. The detailed is depicted in Scheme-
10. 27]

N——-N

0.1 eq . nano CuO / \
0.3 eq. pphs 1

N Ar 2

/\N >$$ 2 eq K,COs5 o Ar

, ) diglyme,reflux,10-24 h R:Ar,vinyl
Ar
r2
(@} A \\\ 0.1 eq . nano CuO N— N
X 0.3 eq. pphs

2 eq K;,COg

1
diglyme, reflux,18-24 h Ar /40)\

R:Ar,vinyl Ar?

Scheme -10: Synthesize 2-Aryl- and 2-alkenyl-1,3,4-oxadiazoles 2"!

Ghanshyam and his team (2016) developed
1,3,4-oxadiazole derivatives of chromium [4,3-
b] pyridine compounds (6a-e, 8a-e, and 9a-e).
Their method utilized 4-hydroxycoumarin to
initiate the reaction, forming carbohydrazides
that subsequently underwent cyclization with
various carboxylic acids under phosphorus

AJPS (2025) 833

oxychloride reflux to yield derivatives 6a—e.
Additionally, carbohydrazides were precursors
for oxadiazole synthesis, including derivatives
8a-e and 9a-e. Cyclization of Schiff bases (7a-
e), formed by the reaction of carbohydrazides
with aldehydes, yielded compounds 8a-e and
9a-e. The steps are described in Scheme 11. 28]

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.5 (Review article)

Ar-CO,H/POCI N~= ~-N
o 2 3,
GHs reflux for 2—4 h S | N
N= | H’NHZ (6 a-e)
=

o o CH; © R’
NZ ~Nx

Ar-CHO/EtOH AcOH_
25°C,4-5nh A

, o R’
NN

N _N o N~ N/N\(O
N |
©ffA o <
o o” "o
e

-
\ |
o (8 a-e) (9 a-e)
c d

R _a b
H 3,4-di-OCH3 4-Cl 4-NO2 4-F

Scheme-11: Synthesize of 2,5-Disubstituted 1,3,4-oxadiazole derivatives [*®!

Fan and his team (2016) synthesized 1,3,4- as a pivotal component for cyclization. This
oxadiazoles through direct annulation of efficient method is presented in Scheme-12.
hydrazides with methyl ketones using K.CO; (291,

~
Ri— o
= )K )
or - R 212 kecos R{ \/f
H \

O2,DMSO, 120 ¢, 8H

RS N—N
Rz—!
=
Scheme-12- Oxidative cleavage reaction '*!
Chinnari and colleagues (2016) conducted produce 2,5-disubstituted 1,3,4-oxadiazoles
photo redox-catalyzed decarboxylative with high yields. Details of this synthesis are
cyclization using oa-oxocarboxylic acids to represented in Scheme-13. 3%
0]
)K O. OFEt Ar. O
I N Y 1-DMAP , K,CO3, DMC e
/ NH 212, PPhy, NE0OC rthmin Ny
N\\N H,N

Scheme-13 a photo redox-catalyzed decarboxylative cyclization reaction 1"
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Xivhai et al. (2017) employed a
mechanochemical approach to synthesize 2,5-
disubstituted 1,3,4-oxadiazoles, providing a
greener and faster alternative to solvent-based

methods. This strategy successfully yielded
oxadiazole derivatives within minutes while
accommodating diverse functional groups. The
results are summarized in Scheme-14.01]

scheme-14- microscale thermophoresis methods

Guofu et al. (2017) demonstrated a greener
mechanochemical approach for synthesizing
2,5-disubstituted 1,3,4-oxadiazoles. This
method avoided solvents and successfully

[31]

generated oxadiazole derivatives in excellent
yields within minutes while considering various
reactive functional groups Scheme 15. 32!

@)

)
)L N Fe(N03)3_9H20
Ar NTON TEMPO
H MgSO, ,0,

DCE .35 °C.6H

:r\( >/R R= alkyl or Ar

N—N

Scheme-15- alternative to conventional solvent-based methods *?!

Wet-osot and colleagues (2017) developed a
one-pot sequential process for synthesizing 5-
substituted-2-ethoxy-1,3,4-oxadiazoles through
N-acylation  followed by  dehydrative
cyclization. The reaction involved ethyl
carbazate and N-acylbenzotriazoles, utilizing

HzN )J\ PhsP-l,
Et3N 5 min

" One-pot "

R\« O>/0Et

Ph3P-12 as the dehydrating agent. The
subsequent inclusion of alkyl halides (X = Cl,
Br, 1) enabled efficient production of diverse
3,5-disubstituted 1,3,4-oxadiazol-2(3H)-ones,
as shown in Scheme 16. 3

R N__o
RX Kl =\(>§

N—n EN, DVF N—N___
120 °C,5 min. R

Scheme-16: one-pot sequential N-acylation/dehydrative cyclization 1**!

Anuj and Gupta (2018) synthesized four novel
1,3,4-oxadiazole derivatives derived from
ibuprofen. These compounds were designed as
bioactive agents exhibiting numerous biological

AJPS (2025) 835

activities such as anti-inflammatory,
antimicrobial, anticancer, antitubercular,
anticonvulsant, anti-HIV, hypoglycemic, and
antioxidant properties (Scheme 17).134
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CH3 CH3
CHs COOCH refluxed ,EtOH, CHs COOC,H5
conc. H,SO
HSC 2 4 H3C
ES
%
CH3 CH3
AN i CH ~ "NH
CHs, N—— refluxed with CS, 3
o4 _ R in ethanol KOH 0‘<S
HsC S H,C
Compound R R Compound R R
a O Maorpholine - @ Piperidine
h /— Diethy] amine d ]%:Met_]d'q_,rl
>—: iperidine

Scheme-17: Synthesis of 5-(1-(4-isobutylphenyl) ethyl)-3-(-R-)-1,3,4-oxadiazole-2(3H)-thione!**!

Nerella and his team (2019) synthesized
coumarin-1,3,4-oxadiazole hybrids to produce
new heterocyclic compounds with significant
anticancer potential. Their study focused on the
inhibitory effects of these compounds on

H ¢ -] o

o _CI
‘[::JJ' + g ey

specific human carbonic anhydrase isoforms:
CA I, CA II, CA IX, and CA XII. The results
demonstrated selective inhibition of tumor-
associated isoforms CA IX and CA XII over CA
I and CA II (Scheme 18). 3%

CHa
e

LT,

HpEO, 0-10 50 P -

\ IS acatone,

EI'.\_\_\_\_/}""-..::,.-F_'\-: s

¢
Clilg TH:
- - e
i 1 Pdielg Pl el 3 - - |
_""‘-t": ——‘—-C"t"“h"vf B = 2l Flaie "?"ﬁ-__u_ﬂ-u'—)-_q_-—f;ﬁ e = =
Flarf ETOH.flux . 12 h.s 2
Fa .: I 1:,
e
= = 8 I . cl: 1
E::L_\_'....._ [I:::IHIL}": [1_‘_5 r,.,-l:‘:_ ""-\-\.\_:‘-_T;H-' i I'\.\__\- -\.-"'-ﬁ-\' -\-\_-'h,r':

Scheme 18. 1,3,4-oxadiazole core as coumarin derivatives 1>

Jyoti and colleagues (2019) B¢l developed a
simple yet efficient oxidative cyclization
method for aroyl hydrazones using a cationic Fe
(IIT)/TEMPO catalyst in the presence of oxygen.
This approach enables the synthesis of 2,5-

AJPS (2025) 836

disubstituted 1,3,4-oxadiazole derivatives with
excellent yields. The reaction showcases broad
applicability and a strong tolerance for different
functional groups, as illustrated in Scheme-19.
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Ry

/&O isobutylaldehyde , Phl, O, R

N
-
H
R

N—N
/<O>\& R=Ar,iPr

acetone , 35 OC ,6-8h.s R

(Review article)

R1= 'CH3 , 4'C|CGH4 s 4 CH3C6H4, CGH5

Scheme-19- cationic Fe (II)/ TEMPO-catalyzed oxidative cyclization methods *¢!

In 2020, Zabiullah and colleagues introduced
an ultrasound-assisted approach to synthesize 2-
amino  derivatives of 1,3,4-oxadiazole,
substituted at the S5-position with aryl and

R2
.

_ R4

N—N
Ry Lo R, Rs
Lawson’s reagent,
R3 R4 R dry toluene, Ry

R2 reflux,110 °C for 3 h.s

5 a-j R4
N—N R4
/N
R3 R, R3

Rz
6 a-j

a: R1=Br, R4= CH3, R2= R3=H
d: R1=CIl, R2=R3=R4=H

g: R3= CH3, R1= R2= R4=H

j: R3=NO2, R1= R2= R4=H

I
COR

Ra COOH
j@ﬂ SOCI2, MeOH,
Ry R1 Treflux, 65 °C for 3 h's Ry

R

b: R1=Br, R2= R3=R4=H
e: R3=CI, R 1= R2=R4=H
h: R1= CH3, R2= R3= R4=H

methyl groups. Their method, as illustrated in
Scheme 20, significantly reduced synthesis time
to just a few hours while maintaining high
product yields.[*”]

o

stirring at RT for 2 h Rz R,

NH,NH,.H,0/ Ethanol,
Rz

3

TBTU/Lutidine, dry DCM,
Stirring 0-5 0C for 30 min then,
overnight at RT

Tf,O/ Pyridine, dry DCM,
stirring 0 °C,4h.s

c: R3=Br, R1= R2= R4=H
f: R2=CI, R 1= R3=R4=H
it R2=CH3, R1= R3= R4=H

Scheme 20. Synthesis of thiadiazole (5a-j) and oxadiazole (6a-j) analogues 7!

Kuno and collaborators (2020) developed a
strategy for synthesizing unsubstituted 1,3,4-
oxadiazole through the reaction of N, N'-
diformylhydrazine with phosphorus pentoxide

N—N 1) TMP2Zn.2LiCl N—N

< ) THF. 25¢,5min _ /< )
2)(Het)Ar-1,3%Pd(dba)2  (Het)Ar o

0 3% XantPhos,25 C , 2h

as the catalyst. This reaction was carried out
under elevated temperatures for 30 minutes, as
shown in Scheme 21.1%]

1) TMP2Zn.MgCl
THF. 25¢,5min N—N

2) RIR2N(OBz) /< )
15% Cu(OFT)2 (Het)Ar o

Scheme -21. The reaction of N, N’-diformylhydrazine and phosphorus pentoxide 33!

Jian et al. (2020) proposed a decarboxylative
cyclization technique via photo redox catalysis
to fabricate 2,5-disubstituted 1,3,4-oxadiazoles.
White light-emitting diode irradiation was used
to excite 4-CzPN, which underwent reductive
quenching by benzoyl formic acid, resulting in
reduced 4-CzPN and benzoyl cation radicals.
Subsequent CO> release formed benzoyl
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radicals, while diazo radicals were generated
through oxidation of reduced cyanoarene-based
donor-acceptor photocatalyst( 4-CzPN) using
hypervalent iodine reagents. These radicals
directly coupled to form intermediates that
transformed into the final product, as illustrated
in Scheme 22.1%"]
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OTf  CO,Et

(o)

\ W/COZEt

4CzPN(2 mol%).LED

0
OH Y
O+ EC07 o 2

2-oxo-2-phenylacetic acid
ethox-3-oxopropyl)benzoate

N-benzyl-5-phenyl-1,3,4-oxadiazole-2-carboxamide

(but-1-yn-1-yloxy)methyl 2-(2-diazo-3-

DCM,solvent,25 °C,Ar N—N

ethyl 5-phenyl-1,3,4-oxadiazole
-2-carboxylate

{pw

reflux,EtOH

O

(5-phenyl-1,3,4-oxadiazol-2-yl)(piperidin-1-yl)methanone

Scheme-22 - -Oxocarboxylic Acid Scope *°!

Lamya and her team (2021) utilized N-Mannich
base chemistry to synthesize novel 1,3,4-
oxadiazole derivatives. Their process involved
reacting 5-(3,4-dimethoxyphenyl)-1,3,4-
oxadiazole-2(3H)-thione with formaldehyde
solution and primary aromatic amines or

o}

H,CO o
OCHj,4

H3;CO

NH2NH;

EtOH

H,CO

substituted piperazines in ethanol at room
temperature. This yielded two distinct sets of N-
Mannich bases: 3-arylaminomethyl and 3-
piperazinylmethyl derivatives of oxadiazole-
thiones (4a—1 and 5a—d), as detailed in Scheme
23,1401

N—NH2

H 1. CS2,KOH/EtOH R

2.HCI

HN
N—N—
/
R o s
5a-d
a b c d e f g h i j K |
R|H 4f  3-Cl 4-Cl 2-NO, 3-NO, 4-NO, 2-CF; 3-CF; 2,4-F, 2,5-F, 2,4-Cl,
X|[CegHs FCgH4 CgHsCH, 2-CF3CgH4CH»

Scheme 23. Synthesis of compounds 4a—1 and Sa—through 1,3,4-Oxadiazole N-Mannich Bases

In another innovative approach, Daniel and his
team (2021) employed iridium-catalyzed
reductive  three-component  coupling  to
synthesize a-amino-1,3,4-oxadiazoles. Their
method utilized tertiary amides or lactams,
carboxylic acids, and (N-isocyanimino)
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[40]

triphenylphosphorane as reactants. By tweaking
reaction conditions, they also produced a-amino
hetero-diazoles and hetero-diazole-fused drug
conjugates. This versatile methodology 1is
summarized in Scheme 24.14!!
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Me (@]
o) IrCI(CO)(PPhs), O/s. o)LXH - Ay
/LN\O P A'\i’
TN
H = l CN-N=PPh,
L)
o PPth[\Il
N YO N+
Aza-Wittig N N X O Il
PPH{ o)kx

Scheme -24: reductive three-component coupling reaction *!!

El-Sayed (2021) presented a method for
synthesizing [1,3,4] oxadiazole-2-thione and
triazole-3-thione  derivatives by  cyclo-
condensation of dicarbonyl esters with phenyl
hydrazine. Hydrazinolysis yielded hydrazides

that were treated with carbon disulfide or

CH3

ethyl oxalate

CT

CH3

7\

1-(1-methyl-1H-pyrrol-3-yl)ethanone

3

NaOEvEtOH

&

C)\n/o\/

ethyl 4-(1-methyl-1H-pyrrol-3-yl)-
2,4-dioxobutanoate

ammonium thiocyanate to form oxadiazole or
triazolethione compounds. Subsequent reactions
with aromatic aldehydes led to the formation of
N-Mannich bases. The details are illustrated in
Scheme 25.14!

_H2NNHph |\:N O.__CHg
NeoEvEOH @/\/—g
N

H3C~

ethyl 5-(1-methyl-1H-pyrrol-3-yl)-1-phenyl-
1H-pyrazole-3-carboxylate

x

N-N N~N - N~NH cs2 S
\ /\/_< N-N NHNH,
N/ y MOASH Q /&S o @N_‘é
HsC™ - HsC~ Hyc—N
g lNH4SCN/HCI
2
Q /\/—QN\E\ —_— - N—~NH
N-N_ N~NH N~ SH /\/—< B
A\ Ao A H S
@ O~ “SCH, Hzc— N C
H3C~ A A A e K 3-G-(1-methy 1 H-pyrrol-3-y)- ggth;;'{; 1+-pyrazol-3-y1)-
Mo,
/\/,,2qu0
Q ©\ ot N~N
N \N N - E\ OAH /\\S H
/}/\/—( s (j SH Hsc—N H2N
Hyc—N N N M
A ef
CHAr SeHAr ORI

Ar= -C6H5 , 4- CIC6H4 , 4-O2NC6H5

Scheme -25: Synthesis of S-substituted-1,3,4-oxadiazole-2-thiol(thione)through Mannich bases.

Hamid and collaborators (2021) devised a novel
ultrasound-assisted synthesis route for creating
1,3,4-oxadiazol-2-amines. This method
optimized reactions between hydrazides and
cyanogen bromide to produce high yields. The
synthesized compounds demonstrated

AJPS (2025)
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[42]

promising antioxidant activity against 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals and
were identified as potential candidates for anti-
diabetic, anti-proliferative, anti-inflammatory,
and anti-neurodegenerative applications, the
meth-odology is described in Scheme 26. [4*!
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®)

N

R NHNH,

+ Brc=nN

EtOH ,KHCO,

(Review article)

N—N
7\
R/<O)\NH2

50 °C

Scheme 26. Reaction scheme of the synthesis of 1,3,4-oxadiazol-2-amines. [+*!

Boddapati et al. (2022) synthesized ten new 2-
aryl-5-(arylsulfonyl)-1,3,4-oxadiazoles through
a multistep process. First, aryl acids were
reacted with hydrazine monohydrate in the
presence of potassium carbonate to yield aryl
hydrazides. Cyclization using ethanoic triethyl
orthoformate (TEOF) produced 2-aryl-1,3,4-

68%. These compounds were further subjected
to C-S cross-coupling with various thiophenols
using iron(IIl) chloride to form 2-thioaryl-5-
aryl-1,3,4-oxadiazoles (5a—j). Oxidation with
meta-Chloroperoxybenzoic acid (mCPBA or
mCPBA) in dichloromethane yielded the final
products: 2-aryl-5-(aryl sulfonyl)-1,3,4-

oxadiazoles with yields ranging from 56% to oxadiazoles (6a—j), Scheme 2744
~N
N
COOH l D
1-K2CO3,CH3l NHNH2  TEOF,EtOH o>
R ,dryDMF, 10h. 5h,reflux
3 R
Ry 1 2-NH,NH,.H,O Ry R4 R3 R,
; EtOH,8h R2 Ro
2 3
~N. O SH
N —~N
NG LT~ DG
S 1- =
o 7 o ® 4
o mCPBA
R3 g R1 DCM,RT.3h R3 R1 2—F9C|3, K2003
2 _ R> DMSO,50°C reflux, 15 h
6 a-j 5 a-j
R'_ a b c d e f | h i i
1 |H H H H H H H| H CH. | H
2 H H CH[CH:): H CM H H H H CH:
3 CH oCcH H MO H Cl H H H CH:
=3 CH: | CTHx CHe CHs CHx CHs F O CHe CHe CHe

Scheme-27: Synthesis of 2-aryl-5-(aryl sulfonyl)-1,3,4-oxadiazoles (6a-j). *4

Gheorghe and his team (2023) 3 successfully
synthesized substituted 1,3,4-oxadiazole
derivatives through the Aza-Wittig method.
Typically, this approach includes an additional

step involving the reaction of an o-
functionalized carbene anion with an aldehyde
©
0 0 m
®
)J}/ + Ar/YJ\OH +
© R
biacetyl

4-methylcinnamic acid

P(Ph3)
N-isocyaniminotriphenyl

-phosphorane

solvent

(o o Ll N o
N _

or ketone to produce an alkene. Alternative
methods utilizing metal carbene complexes for
synthesis are also documented. The Wittig
reaction remains a key process in such chemical
transformations, Schme-28.

o) N—N

A
CHs R r

substituted 1,3,4-oxadiazole
derivatives

Schme-28: one of the were synthesized of substituted 1,3,4-oxadiazole derivatives [**!
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In 2024, Krishna R. team's synthesized a series
of thiazol-isoxazol-pyridine derivatives incur-
porating a 1,3,4-oxadiazole moiety (9a-j), as
outlined in Scheme 29. ] The process began
with the Claisen reaction of 1-(thiazol-2-yl)
ethanone (1) and ethyl S5-formylpyridine-3-
carboxylate (2), using a catalytic amount of
piperidine in ethanol. The reaction mixture was
stirred under reflux for four hours, producing a
pure chalcone intermediate (3) which then react
with hydroxylamine hydrochloride and pyridine
in isopropyl alcohol under reflux for two hours,
yielding the isoxazole compound (4) which

POCl,reflux,4h

/N\

(Review article)

subsequently, was treated with hydrazine
hydrochloride in ethanol under reflux for four
hours to produce the pure acid hydrazide
(compound 5 a-j). These derivatives were
subjected to preliminary anticancer evaluation
against four human cancer cell lines: PC3
(prostate cancer), A549 (lung cancer), MCF-7
(breast cancer), and SiHa (cervix cancer) and
compared to the standard chemotherapeutic
agent etoposide. Most of the synthesized
derivatives demonstrated significantly enhanced
anticancer activity compared to the reference
standard.

OEt
NH,OH.HC1, IPA

pyridine , refux,2h

OEt

a b c d e

Ar: 4-nitro 3,5-dinitro 3.,4,5-timethoxy 4-methoxy 4-pyridyl
f i i

2-thiazolyl isoexazole-5-yl 4-cyano 4-methyl 3,5-dimethyl

Scheme 29. Synthesis of 1,3,4-oxadiazole Linked Thiazole-Isoxazole-Pyridines. ¢!

+ Pharmacological activities of 1,3,4-
Oxadiazole

The development of new medicinal agents
represents a pivotal and complex task for
pharmaceutical scientists, especially in the
design of compounds with anti-microbial, anti-
inflammatory, anti-convulsant, anthelmintic,
anti-oxidant, anti-mycobacterial, analgesic,
anti-tumor, and herbicidal properties. Efforts to
formulate new medications typically follow
two main approaches: (a) combining similar
compounds and their derivatives to produce
new substituted entities with enhanced
therapeutic effects, and (b) investigating and
incorporating novel compounds that are
entirely unfamiliar to bacteria or other
biological conditions. 4748
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In this content, substituted 1,3,4-oxadiazoles
have emerged as highly effective agents; the
inclusion of the azole moiety and the
toxophoric C-O linkage in these structures
significantly boosts their lipophilicity and
plays a key role in their wide range of
pharmacological activities such as
antimicrobial, anti-inflammatory, analgesic,
anti-tumor, and anticonvulsant. Notably, 1,3.4-
oxadiazole scaffolds have garnered significant
interest due to their favorable metabolic
properties and their capacity to engage in
hydrogen bonding with receptors. (1]

Analgesic and Anti-inflammatory Activities:
In vivo assessments of anti-inflammatory effects
were conducted by measuring the reduction in
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paw thickness resulting from egg-white induced
paw edema, serves as a foundation for
evaluating anti-inflammatory activity.*”!

In 2012; Chawla et al. % synthesized and
evaluated 2-(3-bromo-4-fluorophenyl)-5-
substituted-1,3,4-oxadiazoles as potential anti-

N\N

0]

inflammatory agents. The pharmacological
findings indicated that the compound, where the
aryl ring was substituted with a naphthyl ring,
exhibited the most significant anti-inflammatory
activity, Figure-3.

Figure-3- 3,5-dichloro-N-(3-(5-cyclohexyl-1,3,4-oxadiazol-2yl) phenyl) benzenesulfonamide.!?!

Mannich bases containing pyridothiazine-1,1-
dioxide core with aryl piperazine and a 1,3.4-
oxadiazole scaffold were created by Teresa G
and colleagues in 20205 The inhibitors
discovered through these attempts were
assessed as they were claimed to have potential
anti-inflammatory activity, particularly for
COX-1 and COX-2 enzymes. Using a
colorimetric inhibitor screening assay, it was
determined how well the novel compounds
could block the activities of the enzyme’s
cyclooxygenase 1 and 2.

i i -

o 1

HZSi)_\ -
C

E

N

N
N
TG1-TG12 N
R

After the use of TG6 and especially TG 4,
considerable COX-2 inhibition was observed.
The drug TG11 and meloxicam, which was used
as a reference, also enhanced COX-2 activity.
The Multi-Criteria Decision Analysis (MCDA)
suggested that these compounds exhibit potent
COX inhibitory activity. One can argue that
TG11 and TGI12 coupled with meloxicam are
more active anti-inflammatory than meloxicam
with TG11 being most potent in the model
tested, Figure-4.

Compound -F.
TG -phetyd
TE2 -4-methviphensd
TG -1-methydphensd
T -3-trifluefomethsd phensd
TGS -1-flurophensd
TGS -1-4-diflvomophsnad
TGET -4 bromophensd
TG3 -1-4-dichl orophenyd
TGS -1-cvanophansd
TGO -1-mitrophensd
TGI1 Aprymidsd
TGL2 T-prymmian

Figure-4- Mannich bases - 1,3,4-oxadiazole scaffold 5!

Anyj et al. (2021) ¥ conducted a study on the
synthesis of a novel series of substituted 1,3,4-
oxadiazole derivatives by condensing various
amines with 2-(5-thioxo-4,5-dihydro-1,3,4-
oxadiazol-2-yl) phenyl acetate (III) in the
presence of formaldehyde. The newly
synthesized compounds were evaluated in vivo
for their anti-inflammatory properties using the
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carrageenan-induced rat paw edema model. The
results from the acute anti-inflammatory studies
indicated that compounds a, b, d, and e
demonstrated promising activity, while in the
analgesic evaluations, compounds a and b
exhibited superior efficacy compared to the
standard drug, aspirin, Figure-5.
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/R
N
N /\?S R=a: morpholin
\ c: 2-methylpiperidin
o e :4-methylpiperazin
g:diphenylamino
o

b: piperidin

d: piperazin-1-ylmethyl
f:diethylamino
h:cyclohexylamino

Figure-5- Series of substituted 1,3,4-oxadiazole derivatives condensing various amines.>*

» Antibacterial and Antitubercular
Activities:

The various N-substituted-4-
chloropropionamides were done by Rakesh R.
et al (2008) D% Thione and pg-
chloropropionamides were combined to create
the target compounds 3a-i, which were then
screened in vitro for antibacterial and anti-
tubercular activity. The Mycobacterium
tuberculosis H37Rv strain was tested for anti-

tubercular activity at a concentration of 50
g/mL, while E. coli, S. aureus, P. aeruginosa,
and S. typhi were tested for antibacterial
activity at doses of 50 and 100 g/mL. All save
compound 3f exhibited maximal inhibition
against mycobacteria, while compounds 3b-I
shown moderate to excellent antibacterial
activity, Figure-6.

N—_

Conypd. 3 R" Compd. H R
/ \ 3a H #-Fluorophenyl 3 H p-Chlomophenyl
= | )\ SCH,CH,CONRR” S H 11—1_1_@1'1“1."1“10“51 ar H 1_6-Dichlorophenyl
O c H p-Nilrophenyl Ag H n-Frapyl
\N Ad H r-Bromophenyl 3h H n-Butyl
H Morpholinyl

Figure-6-Chemical structures of substituted-p-chloropropionamides.>

Bhutani et al. (2011) 5% synthesized aniline
derivatives featuring 1,3,4-oxadiazole
moieties and assessed their antibacterial
properties against Staphylococcus aureus,
Pseudomonas aeruginosa, Bacillus subtilis,
and Escherichia coli, using Amoxicillin as a
reference drug. In their investigation of

N~N

antifungal  activity, all  synthesized
compounds were compared to the well-
known antifungal agent, Ketoconazole.
Furthermore, the biological activity of these
compounds was evaluated for their anti-
inflammatory effects, Figure-7.

" O Do
pom 02Ngij @OCH3 %@N\%E/)

Figure-7- Aniline derivatives bearing 1,3,4-oxadiazole moieties.'*!
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Godhani et al. (2019) B’ synthesized pneumoniae, E. coli, Acinetobacter
derivatives of dihydropyridine-substituted baumannii, and Pseudomonas aeruginosa, as
1,3,4-oxa- diazole the antimicrobial activities well as two fungal strains, Candida albicans
of each final compound were evaluated in and Cryptococcus neoformans var. grubii,
vitro against various bacterial strains, Figure-8.

including Staphylococcus aureus, Klebsiella

R
/N
N ~
N NS
\ / N b 3 d E ° i ] k 1 m a
cl HN N PN0: (401 |40 | 20H |s0H |40 | 3n | |27 |47 |3F | 20| oE| o |E
S NH
Figure-8- Dihydropyridine- 1,3,4-oxadiazole derivatives. [’
Raghu et al. (2020) % investigated the oxadiazole derivatives 5a-1, which then the
emergence of  multi-drug  resistance antimycobacterial ~ efficacy  of  these
associated with interactions between anti- compounds was assessed against the
retroviral and anti-diabetic medications. In Mycobacterium  tuberculosis H37RvMa
their quest to discover a novel anti- strain (ATCC 27294) utilizing the broth
tuberculosis compound, they synthesized 2- micro-dilution method, Figure-9.
(2, 3-dichlorophenyl)-5-aryl-1,3,4-

Q_( @@om@ﬁi 6@
- 25, B0 B S et v,

NO,

Figure-9- Structure of 2-(2, 3-dichlorophenyl)-5-aryl-1,3,4-oxadiazole derivatives Sa-1.1!

In 2024, Farzaneh 1*! developed a new series spectrum for derivatives incorporating an
of 1,3,4-oxadiazole-containing azo indole ring in their structure. Notably, the
derivatives Figure-10 and assessed their majority of these compounds exhibited
antibacterial properties through in vitro antibacterial activity against Staphylococcus
testing against both Gram-negative and aureus (ATCC 25923), whereas
Gram-positive  bacteria.  The  results Pseudomonas aeruginosa (ATCC 27853)
demonstrated a  broader antibacterial showed resistance to all the synthesized azo
compounds.

R= a:CH; b:CHCH; c:CH,CH,CH; d: CH,CH,CH,CHj4

Figure-10- 1,3,4-oxadiazole-containing azo derivatives. 1!
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» Anti cancer
Aboraia et al. (2006) %! synthesized a series
of  5-(2hydroxyphenyl)-3-substituted-2,3-
dihydro-1,3,4-oxadiazole2-thione derivatives
and evaluated them for their in vitro

N\N/

Hy
C.
R
7\
) S
OH

anticancer activity. In the primary assay some
of the investigated compounds displayed high
anticancer activity when they were tested for
a full anticancer, Figure-11.

R= 1-Morpholine
1-phenylpiperazine
-NH-CgH4-(4-CH3)
-NH-CgH4-(3-CH3)
-NH-CgH4-(2-OCH3)

Figure-11-5-(2hydroxyphenyl)-3-substituted-2,3-dihydro-1,3,4-oxadiazole2-thione
derivatives./!

A collection of novels 1,3,4-oxadiazole
derivatives featuring a 1,4-benzodioxane
moiety was synthesized and evaluated for
antitumor efficacy by Zhang et al. (2011) 61,
The antiproliferative effects were assessed
against HEPG2, HELA, SWI1116, and
BGC823 as cancer cell lines. The findings

N—N

condl

Figure-12-1,3,4-oxadiazole derivatives have 1,4-benzodioxane moiety.

Camelia et al (2021) ?l: designed and
synthesized a series of novel 2,5-
diaryl/heteroaryl-1,3,4-oxadiazoles with the
objective of developing new
chemotherapeutic agents exhibiting potent
anticancer  activities. The synthesized

revealed that several compounds demonstrated
remarkable antitumor activity in comparison
to S-fluorouracil, a commonly utilized
chemotherapeutic agent. Additionally, the
researchers investigated the inhibitory effects
of these compounds on telomerase activity in
cancer cells, Figure-12.

a C6H5 g 4-F-C6H4 m 3-Br-C6H4
b 3-CH3-C6H4 h 3-NO2-C6H4 n 4-Br-C6H4
¢ 4-NO2-C6H4 i 4-CI-C6H4 o 2-Cl-C6H4
d 2-F-C6H4 j 4--Co6H4 p 3-Cl-C6H4
e 2-NO2-C6H4 Kk 2-CH3-C6H4 q 2,6,F-C6H4
f 4-CH3-C6H4 | 2-Br-C6H4 r 2,4-F-C6H4

[61]

compounds were evaluated for their
anticancer efficacy against colon
adenocarcinoma  (HT29) and  breast
adenocarcinoma (MDA-MB-231). The MTS
assay was employed to assess cytotoxicity,
while cell cycle arrest and apoptosis were
analyzed using a flow cytometer. Figure-13.

== ks o
a = ET I
1 = ET ETs
= = CET s
<1 =z | FT X
- = L T

Figure-13- novel 2,5-diaryl/heteroaryl-1,3,4-oxadiazoles.!®?!
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In 2024, Noha and her team [**): designed and
synthesized a series of innovative multi-target
quinoline hybrids (1-11). The antiproliferative
activity of these  quinoline-oxadiazole
derivatives was evaluated against two cancer
cell lines: hepatocellular carcinoma (HepG2)
and breast adeno-carcinoma (MCF-7). The
synthesized compounds (1-11) demonstrated
significant cytotoxic effects, with IC50 values
ranging from 0.137 to 0.332 ug mL—1 against
HepG2 and from 0.164 to 0.583 pg mL-1

WS
N<{
N

@AS
N={
N, O
0 /
® o4 L]
N O Br Br
4 Br 5

against MCF-7. These results compare
favorably to the positive control, erlotinib,
which ex-hibited IC50 values of 0.308 and
0.512 pg mL—1 against HepG2 and MCF-7,
respectively. Also, an EGFR tyrosine kinase
inhibition assay was carried out on the most
promising candidates, revealing notable IC50
values of 0.14 uM and 0.18 pM for compounds
2 and 6, respectively, in comparison to
lapatinib’s IC50 value of 0.12 uM, Figure-14.

0

0
S
N=(” \)J\OEt
N,O

10 Br

Figure-14- Quinoline-oxadiazole derivatives. [**]

» Anti-Diabetic Activity:

Sunil (2016) 41 synthesized derivatives of
benzothiazole-oxadiazole, which were
evaluated for their in vivo hypoglycemic
activity using an alloxan-induced diabetic rat

model. The results indicated that these
derivatives exhibited significant biological
efficacy when compared to a well-established
anti-diabetic agent, Glibenclamide,
demonstrating their effectiveness, Figure-15.

R1=H s CH3 ,N02

R2=H ,NO,

R3=-C6H5 ,P- CgHsNH,

P- 06H5N02 ,P- C6H5OCH3

Figure-15- Derivatives of benzothiazole-oxadiazole. 6!

Bhutani et al. (2019) [%! developed a small
series of novel benzothiazole-oxadiazole
Minnich bases and assessed their anti-
hyperglycemic activity in a STZ-induced

AJPS (2025) 846

model. The compounds displayed varying
degrees of activity, ranging from good to
moderate. Notably, the compound 5-
(benzo[d]thiazol-2-yl)-3-((2-methyl-4-
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nitrophenyl) amino) methyl)-1,3,4- anti-diabetic activity among the series, Figure-
oxadiazole-2(3H) thione exhibited the highest 16
AEVNVRE ouoTogts

N\N

pcm osz @00H3 QN\g[)

Figure-16-novel benzothiazole-oxadiazole Minnich base.!®!

In 2024, Mohini and her team [*®) synthesized
1,3,4-oxadiazole derivatives and evaluated
their antidiabetic potential. Through physico-
chemical analysis, molecular docking, and in
silico prediction studies, assessments were
conducted for four derivatives (1, 2, 3, and 4),
focusing on ligand-binding interactions of the
synthesized compounds with key proteins.
The docking studies revealed significant
interactions between the compounds and the
receptor protein (PDB ID: 3A4A).

s o 0" S
0
0|-| NH;
NH,
oH NO

Flgure-l7-1,3,4-0xadlazole derivatives have antidiabetic activity.

> Anti-HIV Activity

Tan et al. (2006) [*”) and colleagues developed
1,3,4-oxadiazole derivatives that effectively
inhibit viral antigens, specifically HBsAg and
HBeAg, in a concentration-dependent manner
without exhibiting cytotoxic effects. These
compounds present a promising potential for

AJPS (2025) 847

Among the tested derivatives, compound 3
demonstrated the highest binding energy at -
12.8327 kcal/mol, showing superior affinity
compared to the reference drug Metformin,
which exhibited a binding energy of -9.01594
kcal/mol. The yields of the synthesized
compounds ranged from 62.2% to 79.9%.
Overall, the antidiabetic effects of these
compounds ranged from moderate to
excellent, underscoring their potential as
promising therapeutic agents, Figure-17.

o4}
N

3

[66]

treating hepatitis B virus (HBV) infections.
Among these, derivative (i) demonstrated the
highest efficacy, with an EC50 value of 1.63
uM, surpassing the effectiveness of the
standard Lamivudine, Figure-18.
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Figure-18- Effectively inhibit viral antigens as 1,3,4-oxadiazole derivatives.!®’!

Saidaet al. (2022) 81 designed and

synthesized a new series of 3-acetyl-1,3,4-
oxadiazoline hybrid molecules through the
condensation of cyclo-nucleosides with
substituted phenyl-hydrazone. These

compounds were evaluated for their
antileishmanial and antiviral activities
against HCM, VZV, and SARS-CoV-2.
Figure-19.

R_ R
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<
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Figure-19-3-acetyl-1,3,4-oxadiazoline hybrid molecules have Anti-HIV Activity.

In 2024, YoungHyun et al ° conducted a
high-throughput screening of a compound
library using a dual-reporter assay, which led
to the identification of a 1,3,4-oxadiazole
scaffold effective against Tat and HIV-1
infection. Additionally, a detailed structure—
activity relationship (SAR) study combined
with biological assays revealed that two 1,3,4-

[68]

oxadiazole derivatives, compounds 1 and 2,
containing indole and acetamide groups,
showed strong inhibitory activity against HIV-
1 infecti-vity. These compounds demonstrated
half-maximal effective concentrations (EC50)
of 0.17 uM for compound 1 and 0.24 uM for
compound 2, Figure-20.

D 0
0
\?/\/O—X_Z/S\)LNQ \?/\/0_(0\/7/3\)(,\10
N N=N
1 2

Figure-20- high-throughput screening of identification of a 1,3,4-oxadiazole scaffold.
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CONCLUSION:

This review presents a comprehensive
overview of various synthesis methods for
1,3,4-oxadiazole and highlights the significant
biological activities associated with the 1,3,4-
oxadiazole scaffold and its derivatives, as
derived from a thorough literature analysis.
The findings indicate that oxadiazole
derivatives possess considerable medicinal
potential, exhibiting properties such as
antimicrobial, anti-inflammatory, analgesic,
anticancer, antidiabetic, and anti-HIV
activities. Consequently, it can be inferred that
these derivatives hold promise for further
exploration in drug design and the
development of innovative therapies aimed at
improving treatment outcomes for serious
conditions, including microbial infections,
epilepsy, inflammation, viral infections,
diabetes, and cancer. (%8721

Competing Interests

The authors affirm that they possess no
recognized financial conflicts of interest or
personal affiliations that may have influenced
the findings presented in this paper.

Acknowledgements

The authors express their gratitude to the
College of Pharmacy at the University of
Baghdad for providing the necessary resources
to carry out this research.

Funding
The authors state that they have not received
any financial assistance from any institution.

REFERENCES

1. Aura R., loana-Maria M., Livia U., et al.
The Role of Five-Membered Heterocycles
in the Molecular Structure of
Antibacterial Drugs Used in Therapy.
Pharmaceutics 2023.15(11), 2554

2. PubChem. "1,3,4-Oxadiazole".
pubchem.ncbi.nlm.nih.gov. National
Center for Biotechno-logy Information,
U.S. National Library of Medicine.
Retrieved 2019-07-22.

3. Bala, S.; Kamboj, S .; Kajal, A.; et al.
"1,3,4-Oxadiazole Derivatives: Synthesis,

AJPS (2025) 849

10.

11.

12.

Characteri-zation, Antimicrobial
Potential, and Computational Studies".
BioMed Research International.
2014.172791.

Sebastian G., Agnieszka K.. Synthesis and
Characterization of Novel 2-Alkyl-1,3,4-
Oxadia-zoles Containing a Phenylazo
Group. Molecules 2024.29(18), 4316
Ahsan J, Bhandari L, et al. Synthesis,
antiproliferative and antioxidant activities
of substitute -ed N-[(1,3,4-oxadiazol-2-yl)
methyl] benzamines. Lett Drug Des Dis.
2020.17(2) :145-154

Kavita R, Salah U. and Jagdish K.
Significance of 1,3,4-Oxadiazole
containing Compounds in New Drug
Development. Current Drug Research
Reviews.2021.13(2),99-100.

Yadav M. Shirude, S., Puntambekar D., et
al. Studies in 3,4-Diaryl-1,2,5-
Oxadiazoles and Their N-Oxides: search
for Better COX-2 Inhibitors. Acta
Pharm.2007.57, 13.

Gaonkar S., Rai L., Prabhu B., et al.
Synthesis and antimicrobial studies of a
new series of 2-[4-[2-(5-ethylpyridin-2-
yl) ethoxy] phenyl]-5-substituted-1,3,4-
oxadiazoles J. Med. Chem. 2006.41, 841.
Li Y., Liu J, Zhang H., et al
Stereoselective Synthesis and Fungicidal
Activities of (E)-alpha-(methoxyimino)-
benzene-acetate derivatives containing
1,3,4- oxadiazole ring. Bioorg.Med.
Chem. Lett. 2006.16, 2278.

Aboraia A. Rahman H. Mahfouz N.,
Gendy, M. A. Novel 5-(2-
Hydroxyphenyl) -3-Sub-stituted- 2,3 -
Dihydro-1,3,4-Oxadiazole-2-Thione
Derivatives: ~ Promising  Anticancer
Agents. Bioorg. Med. Chem. Lett.
2006.14,1236.

Khan M, Choudhary M, Khan K,.
Structure — activity relationships of
tyrosinase  inhibitory = combinatorial
library of 2, S5-disubstituted-1, 3, 4-
oxadiazole analogues Bio-organic &
medicinal chemistry.2005.13 (10), 3385-
3395

Frashéri N., Banday M, Ahmad H., et al.
Synthesis, Characterization, and In vitro

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

13.

14.

15.

16.

17.

18.

19.

20.

AJPS (2025)

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25. No.5

(Review article)

Anti-microbial ~ Activities  of  5-
Alkenyl/Hydroxyalkenyl-2-Phenylamine-
1,3,4-Oxadiazoles and  Thiadiazols.
Bioorg. Med. Chem. Lett. 2010.20,1933.
Jayashankar B., Lokanath R , Baskaran M,
et al. Synthesis and Pharmacological
Evaluation of 1,3,4-Oxadiazole Bearing
Bis(Heterocycle) Derivatives as Anti-
Inflammatory and Analgesic Agents. Eur.
J. Med. Chem.2009.44, 3898.

Mahendra G ., Jagdish P., Sumit B.,et
al.Novel hybrids of thiazolidinedione-
1,3,4-oxadiazole derivatives: synthesis,
molecular docking, MD simulations,
ADMET study, in vitro, and in vivo anti-
diabetic assessment. RSC
Adv.2025.15,9587.

Vismaya V. In silico Design and
Molecular Docking Studies of Novel 2-(4-
chlorophenyl)-5-aryl-1,3,4-Oxadiazole
Derivatives for Anti-cancer Activity. J
Pharm Sci Res.2019.11(7) ,2604-2609.
Yaroslav K. Gorbunov and Leonid L.
Recent chemistry and applications of
1,3,4-oxadiazoles. Advances in
Heterocyclic Chemistry. 2024. (143),1-
26.

Davinder K, Navidha A, Aakash D ,et al.
An Understanding of Mechanism-Based
Approach-es for 1,3,4-Oxadiazole
Scaffolds Cytotoxic Agents and Enzyme
Inhibitors. Pharmaceuticals 2023.16, 254
Sergey V., Alexander S., Alexander S., et
al. m=—n Noncovalent Interaction Involving
1,2,4- and 1,3,4- Oxadiazole Systems:
The Combined Experimental, Theoretical,
and Database Study. Molecules 2021.26,
5672.

Ivan R., Alaa H., Zyad H.J . Synthesis,
characterization and effect of bis-1,3,4-
oxadiazole rings containing glycine
moiety on the activity of some transferase
enzymes. Journal of King Saud University
(science).2011,23,23-33.

Guin S., Ghosh T., Rout S., et al. Cu (II)
Catalyzed imine C-H functionalization
leading to synthesis of 2,5-substituted
1,3,4-oxadiazoles. Org.
Lett.2011.13,.5976-5979

850

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ali R, Yavar A, and Amir M. One pot
efficient synthesis of fully substituted
1,3,4-oxadiazol-es derivatives from (N-
Isocyanimino) triphenyl phosphorance,
carboxylic acid, and aromatic bis-
aldehydes.2011.41,2273-2282.

Ashish K.and Makrandi K..An iodine-

mediated green synthesis of
1,3,4oxadiazoles under solvent-free
conditions using grinding technique

Green Chemistry Letters and Reviews .
2011 ,4( 1), 8789.

Pouliot M., Angers L., Hamel J. Paquin, J.
Synthesis of 1,3,4-oxadiazoles froml,2-
diacyl-hydrazines using [Et2NSF2]BF4
as a practical cyclodehydration agent.
Org. Biomol. Chem. 2012.10,988-993
Kerimov, [I.; Ayhan-Kilcigil, G.;
Ozdamar, E.D.; et al. Design and one-pot
and microwave-assisted synthesis of 2-
amino/5-aryl-1,3,4-oxadiazoles bearing a
benzimidazole moiety as antioxidants.
Arch. Pharm. Chem. Life Sci. 2012.
345,349-356.

Sanjeev K and Pandey N. Electrochemical
synthesis of 2-amino-5-substituted-1,3,4-
oxadia-zoles derivatives and evaluation of
antibacterial activity. Indian journal of
chemistry.2013. 52,252-258

Thasneem C, Biju, R Babu G. Synthesis
and anticancer study of chalcone linked
1,3,4-oxadiazole  derivatives.  IJPBS
2014.4(4),20-28

Salva Reddy, P. Raghavendra Reddy,
Biswanath Das An Improved Synthesis of
2-Aryl- and 2-Alkenyl-1,3,4-oxadiazoles
by Using Copper (II) Oxide Nanoparticles
as a  Catalyst [1]. Synthesis
2015.47(18),2831-2838

Ghanshyam R. Jadhav, Dattatray G.
Deshmukh, et al. 2,5-Disubstituted 1,3,4-
oxadiazole derivatives of chromeno[4,3-
b] pyridine: synthesis and study of
antimicrobial ~ potency.  Heterocycle
Common. 2016.22(3),123-130.

Fan Y., Y. He, X. Liu, T. Hu, H. Ma, X.
Yang, X. Luo, G. Huang. lodine-Mediated
Domino Oxidative Cyclization: One-Pot
Synthesis of 1,3,4-Oxadiazoles via
Oxidative Cleavage of C(sp2)-H or C(sp)-

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

30.

31.

32.

33.

34.

35.

36.

37.

38.

AJPS (2025)

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25. No.5

(Review article)

H Bond. J. Org. Chem. 2016.81,6820-
6825

Chinnari L., Varaprasad B., Kumari Y., et
al. Copper-Catalyzed One-Pot Synthesis
of 2,5-Disubstituted 1,3,4-Oxadiazoles
from Aryl acetic Acids and Hydrazides
via Dual Oxidation. ACS Omega
2022.7,27157-27163

Xiuhai G., Deyu H., Zhuo C., et al.
Synthesis and antiviral evaluation of

novel 1,3,4-oxadia-zole/thiadiazole
chalcone conjugates. Bioorganic &
Medicinal Chemistry Letters.2017.27,
4298-4301

Guofu Z., Yidong Y., Yiyong Z. Iron
(IIT) TEMPO-Catalyzed Synthesis of 2,5-
Disubstituted 1,3,4-Oxadiazoles by
Oxidative  Cyclization under Mild
Conditions Synlett, 2017.28,1373-1377.
Wet-osot S., Phakhodee W., Pattawarapan
M., Application of N-Acyl benzotriazoles
in the Synthesis of 5-Substituted 2-
Ethoxy-1,3,4-oxadiazoles as Building
Blocks toward 3,5-Di-substituted 1,3,4-
Oxadiazol-2(3H)-ones J. Org. Chem.,
2017, 82, 9923-9929.

Anuj S, Gupta K. Synthesis and
Characterization of 1, 3, 4-Oxadiazole
Derivatives. Journal of Drug Delivery &
Therapeutics. 2018.8(6-A),25-27

Narella, S.; Shaik, I. Mohammed, A; et al.
Synthesis and biological evaluation of
coumarin-1,3,4-oxadiazole hybrids as
selective carbonic anhydrase 1X and XII
inhibitors. Bioorg. Chem. 2019.87,765—
772.

Zabiullah M, Nagesh K, Bushra B, et al.
Synthesis, docking and biological
evaluation of thiadiazole and oxadiazole
derivatives as  antimicrobial  and
antioxidant agents. Results Chem.
2020.2,100045

Kuno S., Carl P., Simon G., Bartosz. G, et
al. Functionalization of 1,3,4-Oxadiazoles
and 1,2,4-Triazoles via  Selective
Zincation or Magnesiation Using 2,2,6,6-
Tetramethylpiperidyl Bases Org. Lett.
2020.22,1899-1902

Jian L., Xue-Chen L., Yue X.,et al,
Photo redox Catalysis Enables

851

39.

40.

41.

42.

43.

44,

45.

46.

Decarboxylative ~ Cycliza-tion  with
Hypervalent Iodine (III) Reagents
Access to 2,5-Disubstituted 1,3,4-
Oxadiazoles. Org. Lett., 2020.22, 9621-
9626.

Lamya H, Ahmed A. and Samar S. et al
.1,3,4-Oxadiazole = N-Mannich Bases:
Synthesis, Antimicrobial, and Anti-
Proliferative ~ Activities =~ Molecules.
2021.26(8) ,2110

Daniel M.and Darren J. General o-
Aminol,3,4-Oxadiazole Synthesis via
Late-Stage reduc-tive functionalization of
tertiary amides and lactams. Angew.
Chem. 2021.133,1-6.

El-sayed M. Abdulrahim. Synthesis and
Screening of New [1,3,4] Oxadiazole,
[1,2,4] Tria-zole, and [1,2,4]
Triazolo[4,3-b] [1,2,4] triazole
Derivatives as Potential Antitumor Agents
on the Colon Carcinoma Cell Line (HCT-
116) ACS Omega 2021.6, 1687—1696
Hamid B., Soheila S, Elahe Y.
Ultrasound-Assisted Synthesis,
Antioxidant Activity and Com-

putational Study of 1,3,4-Oxadiazol-2-
amines. Acta Chim. Slov. 2021.68, 109—
117

Boddapat S,  Subrahmanyam T,
Emmanuel A.et al. Synthesis of 2-aryl-5-
(aryl  sulfonyl)-1,3,4-oxadiazoles as
potent antibacterial and antioxidant
agents. Turk J Chem.2022. 46,766-776
Gheorghe 1., Vasile S., Petru M. et al.
Wittig and Wittig—-Horner Reactions
under Sonication Conditions.
Molecules 2023.28(4),1958.

Jyoti C., Mahesh K. Subhabrata S.
Autoxidation of Aldehydes: In Situ
Iodoarene  Catalyzed Synthesis  of
Substituted 1,3,4-Oxadiazole, in the
Presence of Molecular Oxygen. Org.
Lett., 2019.21(16),6562-6565

Krishna R., Shivakumara S., Ramakrishna
K., et al. Synthesis and biological
evaluation of 1,3,4-oxadiazole Linked
Thiazole-Isoxazole-Pyridines as
anticancer agents. Results in Chemistry.
2024.7,01248 .

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/
https://pubmed.ncbi.nlm.nih.gov/?term=Lu+XC&cauthor_id=33334110
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+Y&cauthor_id=33334110

47.

48.

49.

50.

51.

52.

53.

54.

AJPS (2025)

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25. No.5

(Review article)

Tarun C. and Prabhat K. Recent
Advancement in  Synthesis  and
Bioactivities of 1,3,4-Oxadiazole. 2023
.20(6),663 — 677.

Roy P., Bajaj S., Maity T., Singh J.
Synthesis and evaluation of anticancer
activity of 1, 3, 4-oxadiazole derivatives
against Ehrlich ascites carcinoma bearing
mice and their correlation with
histopathology of liver receptor. IJPER
2017.1,15-16.

Al-Nakeeb, M.R., Omar, T.N.-A.
Synthesis, characterization and
preliminary  study of the anti-

inflammatory activity of new pyrazoline
containing ibuprofen derivatives. Iraqi
Journal of Pharmaceutical Sciences.
2019.28(1), 131-137.

Raauf AMR, Omar TNA, Mahdi MF,
Fadhil HR. Synthesis, molecular docking
and anti-inflammatory evaluation of new
trisubstituted  pyrazoline  derivatives
bearing benzenesulfon-amide moiety. Nat
Prod Res. 2022.1-21.

Somayeh K., Mitra G., Mahboube E., et
al. Novel palladium (II) complexes of
dipodal bis (1,3,4 - oxadiazole-5-thione)
ligands: Syntheses, characterization, in
vitro antiproliferative activity, DNA
binding interactions &theoretical insights.
Journal of Molecular Structure. 2025.
1337,142160.

Chawla G, Kumar U, Bawa S, Kumar J.
Synthesis and evaluation of anti-
inflammatory, analgesic and ulcerogenic
activities of 1,3,4- oxadiazole and 1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazole
derivatives. J Enzyme Inhib Med Chem.
2012.27(5),658-65.

Teresa G., Dorota B, Katarzyna G.et al.
New 1,3,4-Oxadiazole Derivatives
Pyridothiazinel, 1- Dioxide with Anti-
Inflammatory Activity. Int. J. Mol. Sci.
2020.21, 9122;

Anuj S. and Sgts M. Synthesis and
Characterization of 1,3,4-Oxadiazole

Derivatives as Potential Anti-
inflammatory and Analgesic agents.
Research J.  Pharm. and  Tech.
2021.13(12), 5898- 5902.

852

55.

56.

57.

58.

59.

Rakesh R., Soman P., Shirodkar Y.
Synthesis, Antibacterial and
Antitubercular Evaluation of Some 1,3,4-
Oxadiazole Analogues. Asian Journal of
Chemistry. 2008.20(8),6189-6194
Bhutani R, Pathak D , Kapoor G. Recent
Developments on  Pharmacological
Potential of 1,3,4-Oxadiazole Scaffold.
Indian Journal of Pharmaceutical
Education and Research .2019. 53 (2) ,S1-
S16.

Godhani D, Mulani V, Mehta J, et al:
Cyclization and antimicrobial evolution of
1,3,4-oxa-diazoles by carbohydrazide;
World Sci News 2019.124(2),304-11.
Raghu C., Vinayak S., synthesis and
characterization of novel 2-(2, 3-2
dichloro-phenyl)-5-aryl-1,3,4-oxadiazole

derivatives for their anti-tubercular
activity against Myco-bacterium
tuberculosis. Chemical Data

Collections.2020.28,100431.

Farzaneh Y., Hojatollah K., Moj K.
synthesis of a New Series of 1,3,4-
Oxadizole-Based Azo Derivatives and In
Vitro Evaluation of their Antibacterial
Activities. Chemical Methodologies.
2024.8(9),645-661

60. Aboraia A., Abdel-Rahman H., Mahfouz

N. Novel 5-(2-hydroxyphenyl)-3-
substituted-2,3-dihydro-1,3,4o0xadiazole-
2-thione derivatives: Promising
anticancer agents. Bioorg. Med. Chem.
2006.14,1236.

61. Zhang X., Qiu M., Sun J, et al. Synthesis,

62.

biological evaluation, and molecular
docking studies of 1,3,4-oxadiazole
derivatives possessing 1,4-benzodioxan
moiety as potential anti-cancer agents.
Bioorg. Med. Chem. 2011.19, 6518.
Camelia E, George M., Niculescu D, et al.
Synthesis and Anticancer Evaluation of
New  1,3,4-Oxadiazole  Derivatives.
Pharmaceuticals 2021.14, 438.

63. Noha R., Ayman A., Samy S.et al. Design

and synthesis of novel 2-(2-(4-
bromophenyl) quinolin-4-yl)-1,3,4-
oxadiazole derivatives as anticancer and
antimicrobial candidates: in vitro and in

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

64.

65.

66.

67.

68.

AJPS (2025)

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25. No.5

(Review article)

silico studies. RSC Advances.
2024.14(46),34005-34026.

Sunil K. Rathore D., Gopal G. Synthesis
and evaluation of some 2-((benzothiazol-
2-ylthio) methyl)-5-phenyl-1, 3,
4oxadiazole derivatives as antidiabetic
agents. Asian Pac. J. Health Sci. 2016.3

(4),65-74.
Bhutani R., Pathak D., Kapoor G., et al.
Novel hybrids of  benzothiazole-

1,3,4o0xadiazole-4-thiazolidinone:

Synthesis, in silico ADME study,
molecular docking and in vivo
antidiabetic assessment, Bioorg.

Chem.2019. 83,9-16.

Mohini P., Nilesh M., Bhoopendra P., et
al. Design, Synthesis and Evaluation of 1,
3, 4-Oxa-diazole  Derivatives  for
Antidiabetic ~ Activity.  Journal  of
Chemical Health. 2024.14(2),1942-1949.
Tan M., Chen, K., Kong H., et al
Synthesis and the biological evaluation of
2-benzene-sulfonylalkyl-5-substituted-
sulfanyl[1,3,4]-oxadiazoles as potential
anti-hepatitis B virus agents, Antiviral
Res.2006 .71,7-14.

Saida L. Azzedine M., Ahmad M, et al.
Synthesis of new
3-acetyl-1,3,4-oxadiazolines com-bined
with pyrimidines as anti-leishmanial

853

and antiviral agents. Molecular Diversity
.2022.7,1-13.

69. Young S., Chul M., Dong-Eun K.t al.

70.

71.

72.

Discovery of new acetamide derivatives
of 5-indole-1,3,4-oxadiazol-2-thiol as
inhibitors of HIV-1 Tat-mediated viral
transcription. Anti-microb ~ Agents
Chemother. 2024.68(10), ¢00643-24

Abdul A., Monther F., Ayad K. Design,
Synthesis, and Acute Anti-inflammatory

Assessment of New2-methyl
Benzoimidazole Derivatives Having 4-
Thiazolidinone Nucleus. Al

Mustansiriyah Journal of Pharmaceutical
Sciences .2019.19(4),151-160.

Yousef Sabah Ali, MontherFaisal
Mahdi,Basma MonjidAbd Razik,
TalalAburjai. Design, Molecular

Docking, Synthesis, Characterization and
Preliminary Evaluation of Novel 1,3,4-
Oxadiazole Derivatives as Cyclin-
Dependent Kinase 2 Inhibitors. Al
Mustansiriyah Journal of Pharmaceutical
Sciences, 2025,.25(1).94-104.

Safa A., Monther F., Ayad M. , Talal A.
In silico Study of New Five-Membered
Heterocyclic Derivatives Bearing (1,3,4-
oxadiazole and 1,3,4-thiadiazole) As
Promising Cyclooxygenase Inhibitors. Al
Mustansiriyah Journal of Pharmaceutical
Sciences.2024. 24(3),237-252.

(+)
AJPS is licensed under a Creative Commons Attribution 4.0 International License L@-EEA



https://ajps.uomustansiriyah.edu.iq/index.php/AJPS/issue/view/85
https://creativecommons.org/licenses/by/4.0/

