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ABSTRACT

1,3,4-Oxadiazole core is a known pharmacophore fragment, which possesses a wide opportunities for chemical modification and
established versatile pharmacological potential. Moreover, oxadiazole plays a vital role in many drug structures and various biologically
active compounds. For the construction of 1,3,4-oxadiazole cycle, different synthetic methods can be employed. In particular, the
cyclization of N,N’-diacylhydrazines is a very common and convenient way for the synthesis of 2,5-disubstituted 1,3,4-oxadiazoles. This
approach includes dehydration followed by simultaneous cyclization of diacylhydrazines under the action of various dehydrating reagents
— thionyl chloride, polyphosphoric acid, phosphorus pentoxide, acetic anhydride, phosphorus oxychloride, sulfuric acid etc. Another
direction for the synthesis of non-condensed heterocyclic systems based on 1,3,4-oxadiazole is the oxidative cyclization of hydrazide-
hydrazones, which are obtained by condensation of carboxylic acids hydrazides with appropriate aldehydes. The oxidizing reagents that
are most commonly used in this reaction are potassium permanganate in acetone medium, bromine in acetic acid, PbsO, , chloramine-T
etc. In this review, we attempt to highlight the detailed approaches for obtaining 1,3,4-oxadiazole derivatives based on cyclodehydration
and oxidative cyclization reactions as the most commonly used methods of synthesis for this class compounds.

Keywords: 1,3,4-oxadiazoles; cyclodehydration reaction; one-stage cyclization; oxidative cyclization.

1. INTRODUCTION

Oxadiazole is a five membered heterocyclic ring system
containing oxygen and two nitrogen atoms. They occur in four
isomeric forms namely 1,2,4-oxadiazole, 1,3,4-oxadiazole, 1,2,3-
oxadiazole and 1,2,5-oxadiazole (Fig. 1). Among the four known
isomers of oxadiazole, the first two are most widely studied because
of their numerous interesting chemical and biological properties [1].
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Figure 1. Isomeric forms of oxadiazole

1,3,4-Oxadiazole heterocycle is a very interesting and
important scaffold for modern organic and medicinal chemistry.
These compounds have been displayed a diverse range of biological
activities including anticancer [2-3], antimicrobial [4-5],
antitubercular [6-7], antifungal [8-9], antiviral [10-11], anesthetic
[12], antioxidant [13-14], immunosuppressive [15-16], antidiabetic
[17], anti-allergic [18], anti-inflammatory, anti-rheumatic and
analgesic [19-20] action, CNS activity like antiepileptic [21],
anticonvulsant [22], antidepressant [23] etc.
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Figure 2. 1,3,4-Oxadiazole containing drugs used in medicinal practice
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Oxadiazole derivatives play an important role as antitumor
agents because of their good inhibitory activities against histone
deacetylase HDAC [24], topoisomerase | [25], telomerase [26],
focal adhesion kinase FAK [27] and tubulin polymerization [28] as
well mitochondrial mediated apoptosis inducing ability [29].

Also oxadiazoles have been reported as inhibitors of a-
glucosidase [30], cathepsin K [31], glycogen synthase kinase-3
(GSK-3) [32], nucleotide pyrophosphatases/phosphodiesterases-1
NPP1 [33], tyrosinase [34], glycogen phosphorylase [35], urease
[36], COX-2/5-LOX biosystem [37] etc.

To 1,3,4-oxadiazole containing compounds belongs an
approved antiretroviral (Raltegravir), anticancer (Zibotentan),
antimicrobial (Furamizole) and antihypertensive (Tiodazosin and
Nesapidil) drugs (Fig. 2).

2. SYNTHETIC APPROACHES FOR CONSTRUCTION
2.1. Two-stages methods for obtaining of disubstituted 1,3,4-
oxadiazoles based on cyclodehydration of diacylhydrazines.

All of the following transformations are conventionally
related to two-stage methods of obtaining of disubstituted 1,3,4-
oxadiazoles, because they include the phase of formation and
separation of N,N-diacylhydrazines with subsequent cyclization
under the action of dehydrating reagents.

The interaction between hydrazides and chloroanhydrides of
aromatic acids in the pyridine medium resulted in an unsymmetrical
diaroylhydrazines 1 (Scheme 1). Compounds 1 are cyclized under
the action of phosphorus oxychloride into the corresponding 2,5-

diaryl-1,3,4-oxadiazoles 2 [38]:
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Scheme 1. Synthesis of 2,5-diarylsubstituted 1,3,4-oxadiazoles by
cyclization of diaroylhydrazines with phosphorus oxychloride

Based on cyclization of symmetric diaroylhydrazides of
adipic acid 3 Al-Talib et al. [39] synthesized 1,4-bis-(5-aryl-1,3,4-
oxadiazole-2-yl)butane derivatives 4 (Scheme 2) in the above-
mentioned conditions:
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Scheme 2. Synthesis of symmetric 1,4-bis-(5-aryl-1,3,4-oxadiazole-2-
yl)butane derivatives by cyclization of adipic acid diaroylhydrazides

The group of 2-(2,4-dichloro-5-fluorophenyl)-5-aryl-1,3,4-
oxadiazoles 6 (Scheme 3) as potential insecticidal agents was
synthesized by cyclization of corresponding N’-aroylhydrazides of
2,4-dichloro-5-fluorobenzoic acid 5 upon boiling for 2-3 hours in
phosphorus oxychloride medium [40]:

For the construction of 1,3,4-oxadiazole ring the several
methods have been reported in the literature. The most general
methods involve the cyclization of diacylhydrazides or hydrazide-
hydrazones with a variety of dehydrating or oxidizing reagents,
respectively. Also, few reliable and operationally simple examples
have been reported for the one-step synthesis of 1,3,4-oxadiazoles,
especially from readily available carboxylic acids and it’s
hydrazides.

In return, this review aimed to summarize the literature data
about some recent strategies on the synthesis of non-condensed
heterocyclic systems based on 1,3,4-oxadiazole scaffold including
cyclodehydration and oxidative cyclization reactions as the most
common and preparative ones.

OF 1,3,4-OXADIAZOLE RING SYSTEM
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Scheme 3. Synthesis of 2-(2,4-dichloro-5-fluorophenyl)-5-aryl-1,3,4-
oxadiazoles by cyclization of corresponding N'-aroylhydrazides

Following the interaction between dihydrazides of
naphthalene-2,6(7)-dicarboxylic acids and 2-naphtoyl chloryde the
corresponding acylated derivatives 7 were obtained and further
cyclized under the action of phosphorus oxochloride with the
formation of 1,3,4-oxadiazole ring [41]. This approach allowed us
to obtain a series of original polycyclic naphthalene containing
systems connected by 1,3,4-oxadiazole linking cycle at positions 2
and 6 (2,6-isomer) 8 or 2 and 7 (2,7-isomer) 9 relatively to the
central naphthalene core (Scheme 4). X-ray diffraction analysis of
target compounds was carried out, which significantly confirms

their structure.
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(a) 2-naphthoyl chloride, pyridine, reflux; c, H
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Scheme 4. Synthesis of polycyclic naphthalene containing systems
connected by 1,3,4-oxadiazole linking cycle at positions 2 and 6 or 7

Rigo et al. [42-44] proposed a method of obtaining 2,5-
disubstituted 1,3,4-oxadiazoles based on cyclodehydration of N-
acylhydrazides using various organosilicon compounds, including
hexamethyldisilazane ~ (HMDS), trimethylchlorosilane  and
dichlorodimethylsilane. These transformations are carried out
through the formation of intermediate bis-trimethylsilyldiacyl
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hydrazine, which further cyclized into the oxadiazole ring under the
action of specific fluoride ion donor catalysts.

Based on interaction between diacylhydrazines 10 and
hexamethyldisilazane by stirring for 9-16 hours the synthesis of
intermediates 11 was carried out. The further cyclization of 11
without its separation from the reaction mixture under the action of
catalytic amount of tetrabutylammonium fluoride resulted in a
series of disubstituted 1,3,4-oxadiazoles 12 (Scheme 5) with a
yields of 85-90% [42].
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Scheme 5. Synthesis of disubstituted 1,3,4-oxadiazole derivatives by
interaction between diacylhydrazines and hexamethyldisilazane under the
action of catalytic amounts of tetrabutylammonium fluoride

N3-Acylated phenylcarbazinate derivatives 13 were
transformed into the corresponding 4H-1,3,4-oxadiazole-5-ones 15
(Scheme 6) through the stage of the formation of intermediate 14 in
similar conditions [42]:
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Scheme 6. Synthesis of 4H-1,3,4-oxadiazole-5-ones by cyclisation of N3-
acylated phenylcarbazinate derivatives with hexamethyldisilazane

Synthesis of unsymmetrical 1,3,4-oxadiazole derivatives 18

was achieved by cyclization of corresponding diacylhydrazines 16

with trimethylchlorosilane [43] or dimethyldichlorosilane [43-44]

using trifluoromethanesulphonic acid as a catalyst as it’s depicted

on Scheme 7. The reaction proceeds in the same way as with

hexamethyldisilazane, but in the case of dimethyldichlorosilane, a

cyclic intermediate 17 was formed at the expense of two chlorine

atoms in the molecule of the cyclizing reagent. This interaction
occurs in the acetonitrile medium by heating for 24 hours.

Rl H\ )k , _(CHy),sicl,

W N R chHen

17
Scheme 7. Synthesis of unsymmetrical 1,3,4-oxadiazoles by cyclization
of diacylhydrazines with dimethyldichlorosilane in acetonitrile medium

Synthesis of symmetrical 2,5-diaryl-1,3,4-oxadiazoles 20
(Scheme 8) was carried out by cyclization of the corresponding
N,N-diacylhydrazines 19 under the action of zirconium (IV)
chloride as a catalyst in dichloromethane medium at room
temperature for 3 hours with a good yields (over 70%) [45]:
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Scheme 8. Synthesis of symmetrical 2,5-diaryl-1,3,4-oxadiazoles by the
cyclization of the N,N-diacylhydrazines using zirconium (V) chloride

Brain et al. [46] established that cyclodehydration of
diacylhydrazines 21 into the corresponding disubstituted 1,3,4-
oxadiazoles 22 (Scheme 9) occurs under the action of polymer-
supported Burgess reagent in the tetrahydrofuran medium using
microwave irradiation. The presence of these conditions decreases
reaction time to 2 minutes at 96% of yield and 91% of purity.
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Scheme 9. Synthesis of disubstituted 1,3,4-oxadiazoles by cyclization of
diacylhydrazines under the action of polymer-supported Burgess reagent

Based on the cyclization of diacylhydrazine 23 using the
Burgess reagent in the above mentioned conditions Hall et al. [47]
synthesized 2-(4-metoxypheniloxy)-1,3,4-oxadiazole 24 with 4-
tolylsulfonamide fragment in position 5 (Scheme 10) as a potential
EP1 receptor antagonists:
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Scheme 10. Synthesis of 2-(4-metoxypheniloxy)-1,3,4-oxadiazole with 4-
tolylsulfonamide fragment based on the cyclization reaction using the
Burgess reagent

A series of symmetric 2,5-disubstituted 1,3,4-oxadiazoles 26
were obtained by intramolecular cyclization of N,N-di[2-(4-
aroylaryloxy)acetyllhydrazines 25 with triflic anhydride in the
present of pyridine in dichloromethane medium (Scheme 11).
Primarily, the synthesis of diacylhydrazines 25 was carried out
through the acylation reaction of 4-aryloylaryloxyethanoic acids
with similar hydrazides in the presence of 2,6-lutidine and O-
(benzotriazol-1-yI)-N,N,N,N-tetramethyluronium tetrafluoroborate
(TBTU) in dichloromethane medium [48].
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(a) 2,6-lutidine, TBTU, DCM, r.t., 12h; (b) triflic ahhydride, pyridine, DCM, 0°C, 3h
Scheme 11. Synthesis of symmetric 2,5-disubstituted 1,3,4-oxadiazoles
by intramolecular cyclization of corresponding N,N-diacylhydrazines with
triflic anhydride in the present of pyridine in dichloromethane medium

Cyclization of ethyl 2-benzoylhydrazinecarboxylates 27
under reflux conditions using POCl; afforded a group of 5-aryl-
1,3,4-oxadiazol-2(3H)-ones 28 in good yields (Scheme 12). The
further interaction between 28 with propargyl bromide in
tetrahydrofuran/dimethylformamide (1:1) medium in the presence
of NaH resulted in the corresponding N-propargylated derivative 29
as a promising synthon for synthesis of nitrogen-containing
polyheterocyclic systems [49].
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Scheme 12. Synthesis of 5-aryl-1,3,4-oxadiazol-2(3H)-ones and their N-
propargylated derivatives by cyclization of ethyl 2-benzoylhydrazine
carboxylates under reflux conditions using phosphorus oxochloride

2.2. Cyclodehydration reaction based one-stage methods for the
synthesis of substituted 1,3,4-oxadiazole derivatives.

The methods of one-stage synthesis of 1,3,4-oxadiazole
derivatives by direct condensation of hydrazides with carboxylic
acids or their chloroanhydrides, are often common in the literature,
but they all required fairly harsh conditions and long boiling.

Following the reaction between benzoic acid hydrazide and
heterylcarboxylic acids, a series of 2-heteryl substituted 5-phenyl-
1,3,4-oxadiazoles 30 (Scheme 13) was synthesized by Rangnekar
and Phadke [50]. This interaction occurs in the presence of
polyphosphoric acid (PPA) by heating to 80°C and stirring for 3,5-
4 hours followed by cooling of the reaction mixture to 60°C and
slowly pouring into crushed ice.

i . )
PPA
e )k Het/<o
H Het” ~OH 0

Scheme 13. Synthesis of 2-heteryl-5-phenyl-1,3,4-oxadiazoles following
the reaction between benzoic acid hydrazide and heterylcarboxylic acids

A series of bis-5-aryl-1,3,4-oxadiazoles 32 (Scheme 14) as
fluorescent whiteners for polyester fibres were synthesized by
interaction between dicarboxylic acid dihydrazides 31 and aromatic
acids in similar conditions [50]:

o)
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31
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Scheme 14. Synthesis of bis-5-aryl-1,3,4-oxadiazole derivatives by
interaction between dicarboxylic acid dihydrazides and aromatic acids

The synthesis of symmetrical 2,5-diaryl-1,3,4-oxadiazoles
33 (Scheme 15) was performed through the condensation of
arylcarboxylic acids with hydrazine dihydrochloride with the
following cyclization in phosphorus pentaoxide and phosphoric
acid without isolation from the reaction mixture of intermediate
products [51]:
, i NH,NH, - 2HCI /2_&
Ar OH P05/ HPO, Ar ) Ar

33

Scheme 15. Synthesis of symmetrical 2,5-diaryl-1,3,4-oxadiazoles by
condensation of arylcarboxylic acids with hydrazine dihydrochloride

Khan et al. [52] proposed an alternative one-step method for
obtaining of 1,3,4-oxadiazole cycle using microwave irradiation.
This leads to a reduction of the reaction time from several hours to
5-15 minutes, as well as increases the yield of the target product.
Thus, 5-aryl(alkyl) substituted 2-(3-pyridyl)-1,3,4-oxadiazoles 34
(Scheme 16) were prepared by reacting of nicotinic acid hydrazide
with aromatic or aliphatic acids in phosphorus oxochloride medium

under microwave irradiation:

o}
@)kN/NHZ . i _POCl,/ ALO, _
\ H OH MW, 5-15 min
N/
Scheme 16. Synthesis of 5-substituted 2-(3-pyridyl)-1,3,4-oxadiazoles by
reacting of nicotinic acid hydrazide with aromatic or aliphatic acids

The interaction of aroylhydrazines with chloroanhydrides of
aromatic acids in hexamethylphosphoramide (HMPA) medium
resulted in a series of unsymmetrical 2,5-diaryl-1,3,4-oxadiazoles
35 (Scheme 17). The reaction proceeds for 1 hour at room
temperature until the exothermic process ceases, then the reaction
mixture is subjected to microwave irradiation for cyclization
without separation of the intermediate products [53]:

2 0 1) HMPA, 1h, r.t. N—N
Arl)kN/NHZ * )k 2 A A >\A ?
N cl Ar® 2) MW, 40 sec r o r
35

Scheme 17. Synthesis of unsymmetrical 2,5-diaryl-1,3,4-oxadiazoles by
interaction of aroylhydrazines with chloroanhydrides of aromatic acids

Synthesis of 2-(B-aroylethyl) substituted 1,3,4-oxadiazoles
37-40 (Scheme 18) was achieved through the cyclization reaction
of B-aroylpropionic acid derivatives 36 with hydrazides of
phenylacetic, naphthyl-2-(oxy)acetic and aromatic acids [54]:
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Scheme 18. Synthe3|s of 2-(B-aroylethyl) substituted 1,3,4-oxadiazoles by cyclization reaction of B-aroylpropionic acid derivatives with hydrazides of
phenylacetic, naphthyl-2-(oxy)acetic and aromatic acids

The condensation of alkylthio(sulphonyl)phenoxyacetic acid
hydrazides and with arylcarboxylic acids in phosphorus
oxochloride medium afforded the corresponding 2,5-disubstituted
1,3,4-oxadiazoles 41 and 42 according to Scheme 19 [55]:

ArCOOH
POCI,

l N—N l N—N
(0] (0] O
R\ /®/ \/(o>\Ar Rl\s/®/ \/Qo»\Ar
S 41 J 42
Scheme 19. Synthesis of alkylthio(sulphonyl)phenoxymethyl substituted

1,3,4-oxadiazoles by condensation of appropriate hydrazides with
arylcarboxylic acids in phosphorus oxochloride medium

Based on the reaction of carboxylic acids hydrazides with
adamantane-1-carbonyl chloride in refluxing pyridine the
corresponding N-adamantanoylhydrazides 43 were obtained and
further cyclized by boiling for 1 hour in phosphorus oxochloride
medium into 1,3,4-oxadiazoles with adamantane fragment 44
(Scheme 20). Also, an alternative one-step method for the
preparation of compounds 44 was performed by the interaction of
the starting hydrazides with adamantane-1-carboxylic acid in the
phosphorus oxochloride medium with yield of 85-95% [56]:

POCI,
43
@—( \
o)\R
44

Scheme 20. Synthesis of adamantyl substituted 1,3,4-oxadiazoles by
cyclization of corresponding N-adamantanoylhydrazides in phosphorus
oxochloride medium

pyridine

_NH, adamantane-1-carboxylic acid
H POCI,, reflux

The reaction of 2-(4-formyl-2-methoxyphenoxy)acetic acid
with acetophenone derivatives by conventional Claisen-Schmidt
condensation in the presence of alkaline catalysis gave the
appropriate chalcones 45 (Scheme 21). Due to the presence of a free

carboxyl group in the molecules of synthesized chalcones 45 their
further chemical modification by reacting with aromatic acids
hydrazides in phosphorus oxochloride with the formation of 2,5-

disubstituted 1,3,4-oxadiazoles 46 was performed [57]:

—0 (0]
(0]

1

HC™ CAr
0 KOH/CHOH
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T3 J
Ar-CONHNH
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POCI,

H,C—O 46 Ar'

Scheme 21. Synthesis of 5-substituted 2-aryl-1,3,4-oxadiazole derivatives
by reacting of para-carboxymethyloxy substituted chalcones with
aromatic acids hydrazides in phosphorus oxochloride

Following the sequential transformation of 2-fluoro-4-
methoxybenzoic acid via esterification and hydrazinolysis reactions
the appropriate hydrazide 47 was synthesized by Chandrakantha et
al. [58]. Condensation of compound 47 with various carboxylic
acids in refluxing phosphorus oxochloride afforded 2,5-
disubstituted 1,3,4-oxadiazoles 48 with 2-fluoro-4-methoxyphenyl
moiety in position 2 (Scheme 22):

e} F (0]
_a . _NH
OH b ”
H,C.
o 47
Ua
C
HC /®/<O)\R
3™\
o 48

() H*, EtOH; (b) NH,NH,H,0, EtOH; (c) R-COOH, POCI,, 110°C.
Scheme 22. Synthesis of 2-(2-fluoro-4-methoxyphenyl)-1,3,4-oxadiazoles
by cyclodehydration reaction of appropriate hydrazide with various
carboxylic acids in phosphorus oxochloride medium

By condensation of 1,5-dimethyl-2-phenylpyrazol-3-one
substituted aminoacetic acid 49 with appropriate hydrazides in
refluxing phosphorus oxychloride (Scheme 23) the target 2-aryl-
1,3,4-oxadiazoles 50 with aminoantipyrine moiety in position 5
were obtained [50]:
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Scheme 23. Synthesis of 2-aryl-1,3,4-oxadiazoles with aminoantipyrine
moiety based on condensation of 1,5-dimethyl-2-phenylpyrazol-3-one
substituted aminoacetic acid with appropriate hydrazides

Synthesis of new 1,3,4-oxadiazoles 52 (Scheme 24) as
potential EPi-receptors antagonists was carried out based on
cyclodehydration reaction of arylsulfonamide-glycine hydrazides
51 with phenylacetic acid derivatives in microwave-assisted
conditions [47]:

\\s’”o 0 \\s’”o N
IO A" S Q0.
o) o)
1 1
R R
51
C)\\ /,O R3
S< 0
N—
1 N
R .
52

(a) hydrazine hydrate, heat or microwave;
(b) phenylacetic acid derivative, POCI;, microwave, 100°C, 30 min.

Scheme 24. Synthesis of 5-benzyl-1,3,4-oxadiazoles by cyclodehydration
reaction of arylsulfonamide-glycine hydrazides with phenylacetic acids

Based on 4-(1H-benzo[d]imidazole-2-yl)-4-oxobutanoic
acid in a two-stage synthesis the appropriate hydrazide 53 have
been obtained and further modified by reacting with carboxylic
acids in phosphorus oxochloride medium into 1,3,4-oxadiazole
derivatives 54 (Scheme 25) containing benzimidazole moiety [60]:

S e
HSO W

:\: "N
H )\R POCI,, mw HWO

(0]
© 54 (0] 53

Scheme 25. Synthesis of benzimidazole substituted 1,3,4-oxadiazoles by
a three-stage transformation based on 4-(1H-benzo[d]imidazole-2-yl)-4-
oxobutanoic acid

The cyclization of 5-(3-fluoro-4-methoxyphenyl)isoxazole-
3-carboxylic acid hydrazide 55 with different substituted
benzoic/pyridyl/indolyl acids in phosphorus oxochloride medium at
reflux temperature for 8-10h (Scheme 26) gave the target isoxazole

substituted 1,3,4-oxadiazoles 56 with 3-fluoro-4-methoxyphenyl
moiety [61]:

~N o
o—N o [OMIRN
—
F oEt % . F N—NH,
55
CH,0 CH,0
= O—N
\ o) b
N R
s
CH,0 5 N—N

(a) NH,NH,H,0, EtOH; (b) R-COOH, POCI.
Scheme 26. Synthesis of isoxazole substituted 1,3,4-oxadiazoles by
cyclization of 5-(3-fluoro-4-methoxyphenyl)isoxazole-3-carboxylic acid
hydrazide with different carboxylic acids

A series of 2-(E-aroylethenesulfonylmethyl)-5-styryl-1,3,4-
oxadiazoles 58 (Scheme 27) were synthesized by condensation of
E-aroyl(arylsulfonyl)ethenesulfonylacetic acid hydrazides 57 with
cinnamic acid in the phosphorus oxychloride medium using
ultrasonication conditions [62]:

X
oy “SW LRGN
R! o)

’ 2
US ir |ad., 35KHZ, 20-25 min.

Rl/(j/x\/\sAr >/\/©/

Scheme 27. Synthesis of 5-styryl-1,3,4-oxadiazoles by condensation of E-
aroyl(arylsulfonyl)ethenesulfonylacetic acid hydrazides with cinnamic
acid using ultrasonication conditions

RZ

The synthesis of 5-substituted 2-aryl-1,3,4-oxadiazoles 59-
60 (Scheme 28) based on decarboxylation-cyclization reaction of
isatin derivatives or phenylglyoxylic acid with different hydrazides
under the visible-light-induced photoredox catalysis was performed
by Diao et al. [63]. It was established that the availability of eosin
Y as a photoredox catalyst, visible light and base is essential for the
formation of the target products in moderate to good yields under
mild conditions.

o =2 N—N
, K,CO o / »\Rl
R N O bmso o

N NH, 59

EY, hv, 45°C,
12-24h

N—N
o O,
o 60

DMF

Scheme 28. Synthesis of substituted 2-aryl-1,3,4-oxadiazoles by reaction
of isatin derivatives or phenylglyoxylic acid with different hydrazides

The interaction between 5-substituted N-protected indole-3-
carbohydrazides 61 and indole-3-carboxylic acids in the presence
of solid phase catalyst polyphosphoric acid at 90°C for over 3-4 h
afforded a group of 2,5-bis(indolyl)-1,3,4-oxadiazole derivatives 62
according to the Scheme 29 [64]:
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(@) CH,0OH, H,SO, conc, reflux, 5h; (b) DMC, DMF, K,CO,, reflux; (c) NH,NH, - H,0, ethanol, reflux, 8h; (d) PPA, 90°C, 3-4h.

Scheme 29. Synthesis of 2,5-bis(indolyl)-1,3,4-oxadiazole derivatives by interaction between 5-substituted N-protected indole-3-carbohydrazides and
indole-3-carboxylic acids in the presence of solid phase catalyst

A group of novel 5H-dibenzo[b,e]azepine-6,11-dione
derivatives containing 1,3,4-oxadiazole units 65 was synthesized
through a multistep synthetic procedure (Scheme 30). It includes
the sequential transformation of 5H-dibenzo[b,e]azepine-6,11-
dione-4-carboxylic acids 63 into the corresponding acyl chlorides

and further formation of intermediate diacylhydrazines 64 which
cyclized with p-toluenesulfonyl chloride in dichloromethane
medium into the target 1,3,4-oxadiazole containing 2-substituted
5H-dibenzo[b,e]azepine-6,11-diones 65 without separation from
the reaction mixture [65]:

2
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R N R
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o | HoO\ ¢
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O 44 R! _ 65 R

(@) i. SOCI,, CHCl,, 50°C; ii. AICI;, CHCI,, 50°C; (b) i. SOCI,, DCM; ii. acylhydrazines, Et;N, DCM, 35°C; (c) TsCl, DCM, 35°C.
Scheme 30. Synthesis of 1,3,4-oxadiazole containing 5H-dibenzo[b,e]azepine-6,11-diones based on cyclization of 5H-dibenzo[b,e]azepine-6,11-dione-
4-carboxylic acid through a multistep synthetic procedure

2.3. Synthesis of disubstituted 1,3,4-oxadiazole derivatives
based on oxidative cyclization of hydrazide-hydrazones.

A group of 2,5-diarylsubstituted 1,3,4-oxadiazoles 67 was
synthesized by cyclization of 1-aroyl-2-arylidenehydrazines 66
with potassium permanganate on the surface of silica gel in the
microwave-assisted synthesis (Scheme 31). It was established that
these conditions are significantly more efficient by values of
percentage yields of target products compared to conducting this
reaction in the acetone-water (4:1) medium [66].

[e) AP

Ar-CHO —/  KMnO, NN
1/U\ ~NH, Q /N N 1/4 »\ 2
H H* a >—N (a)or (b) Ar o Ar

Ar' H 66 67

(@) Si0,, MW; (b) acetone / water (4:1), MW

Ar

Scheme 31. Synthesis of disubstituted 1,3,4-oxadiazoles by cyclization of
1-aroyl-2-arylidenehydrazines with potassium permanganate

The synthesis of 2-(4-pyridyl) substituted 5-aryl-1,3,4-
oxadiazoles 69 (Scheme 32) as potential antimycobacterial agents
was carried out by cyclization of appropriate N-(arylmethyliden)-
isonicotinoylhydrazones 68 with potassium permanganate in
acetone-water (5:1) medium under microwave irradiation [67]:

O
N _NH, ArCHO, Na,S,0,4 N N/N\ Ar
\ H MW irradiation || H Y
N~ NNZ H
68
%
KMnO
| N O)\Ar 4
acetone-water
= 69 MW irradiation

Scheme 32. Synthesis of 2-(4-pyridyl) substituted 5-aryl-1,3,4-
oxadiazoles by cyclization of N-(arylmethyliden)isonicotinoylhydrazones

The interaction between 3,4,5-trimethoxybenzoic acid
hydrazide and aromatic aldehydes yielded N-arylidenehydrazides
70 (Scheme 33), which cyclized in acetic anhydride medium into 3-
acetyl-2,3-dihydro-1,3,4-oxadiazole derivatives 71 [68]:

(‘.‘,H3 O‘ ‘CH3 O

(0] N/NH2 (@] N/NVAF
H Ar-CHO H

H.C. H.C.
e EtOH 30 70
_0 .0

H,C H,C

CH,
o Q

H,C N (CH;CO),0

reflux, 2h.

H,C—O 7

Scheme 33. Synthesis of 3-acetyl-2,3-dihydro-1,3,4-oxadiazoles by
cyclization of corresponding N-arylidenehydrazides in acetic anhydride

A new 1,3,4-oxadiazoles with coumarin fragment 73 were
obtained through the interaction of aldehydes based on 2H-1-
benzopyran-2-one 72 with aromatic acids hydrazides (Scheme 34).
The reaction occurs under the action of Pb3O,4 and acetic anhydride
in the acetic acid medium by boiling for 3 hours [69]:

CHO R Q A R\, R
Rz A )kN/NH2
r
z H
oo ¢ (CH:CO),0/PbO,
4 CH,COOH, reflux, 3h
72 R o

73
Scheme 34. Synthesis of 1,3,4-oxadiazoles with coumarin fragment by
the interaction of aldehydes based on 2H-1-benzopyran-2-one with
aromatic acids hydrazides under the action of Pb3O4 and acetic anhydride
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Based on cyclization of hydrazides 74 (Scheme 35) with
aromatic aldehydes under the above mentioned conditions Kenny
et al. [69] synthesized a group of polycyclic spiro[thiazolidinone-
indoline] systems 75 with 1,3,4-oxadiazole fragment in molecules:

@ NH,NH,H,0

EtOH, reflux, 8 h

% {:} {
1 R!
S N R (Z(N/O/
Ar-CHO s
o o)
N Ac,0/Pb,0, H
N~y AcOH, reflux, 3 h N N-NH,
74 <\

Scheme 35. Synthesis of spiro[thiazolidinone-indoline] systems with
1,3,4-oxadiazole fragment by cyclization of appropriate hydrazides with
aromatic aldehydes under the action of PbsO4 and acetic anhydride

A series of indolyl substituted 1,3,4-oxadiazoles with N-
phenylsulfonamide fragment 77 (Scheme 36) were obtained
following the cyclization of indolyl-3-carboxaldehyde based N-
acylhydrazones 76 with [bis(trifluoroacetoxy)iodo]benzene (BTI).
In addition, compounds 77 were modified via hydrolysis and
alkylation reactions into N-methy| derivatives 79 [70]:

N—N
\ N—N
/O>\R | »\ -
J / o” R
N 78

(&) Phl(CF,CO0),, grinding, r.t.; (b) NaOH, EtOH-H,0, reflux, 3h;
(c) CH,4l, KOH, DMSO, stirring, r.t.
Scheme 36. Synthesis of indolyl substituted 1,3,4-oxadiazoles following
the cyclization of indolyl-3-carboxaldehyde based N-acylhydrazones with
[bis(trifluoroacetoxy)iodo]benzene

Synthesis of new 1,3,4-oxadiazoles with isoxazole moiety 81
was performed through the cyclization of hydrazones 80 under the
action of chloramine T (Scheme 37) by Jayashankar et al. [71]:
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(a) NH,NH,H,0, EtOH, reflux, 2h; (b) R2CHO, EtOH, reflux, 3h;
(c) chloramine-T trihydrate, EtOH, reflux, 3h.
Scheme 37. Synthesis of 1,3,4-oxadiazoles with isoxazole moiety by
cyclization of appropriate hydrazones with chloramine T

According to the concept of hybrid-pharmacophore
approach Bansal et al. [72] synthesized a group of 2-aryl(4-
pyridyl)substituted 1,3,4-oxadiazoles 84-85 with diarylpyrazole
fragment by oxidative cyclization of pyrazolyl-4-carbaldehydes
based N-acylhydrazones 82-83 with iodobenzenediacetate (IBD) in
dichloromethane medium with stirring for 20-25 minutes at room
temperature as it’s shown on Scheme 38:

Ar =0
o Aromatic acid
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N\
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Ar Ph Ar
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Scheme 38. Synthesis of 2-aryl(4-pyridyl)substituted 1,3,4-oxadiazoles
with diarylpyrazole fragment by oxidative cyclization of pyrazolyl-4-
carbaldehydes based N-acylhydrazones with iodobenzenediacetate

The synthesis of 2,5-disubstituted 3-acetyl-2,3-dihydro-
1,3,4-oxadiazole 87 was achieved through the cyclization of N'-
((1H-indol-3-yl)methylene)isonicotinohydrazide 86 with acetic
anhydride under the microwave irradiation condition (Scheme 39).
Further interaction of obtained compound 87 with appropriate
arylcarbaldehydes in ethanol solution of alkali furnished the desired
3-arylpropen-1-one substituted 1,3,4-oxadiazole based indole and
pyridine hybrids 88 [73].

N=
e
N N/NHZ N | N7 Ar
‘ H \ N CH —
N / . H — \ 3 \ /N\
N dioxane N (CH,C0),0 5 N_< Ar-CHO o N
MWI, 200 W @) N= MWI, 7 min © EtOH, KOH °
CHO 8min 87 MWI, 7-10 min
N N
N H N

Scheme 39. Synthesis and modification of 2,5-disubstituted 3-acetyl-2,3-dihydro-1,3,4-oxadiazole through the cyclization of N'-((1H-indol-3-
yl)methylene)isonicotinohydrazide with acetic anhydride under the microwave irradiation condition
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5-Pyridyl substituted 2-methyl-2-(4-fluorophenyl)-3-acetyl-
2H-1,3,4-oxadiazole 90 was obtained by cyclization of N'-(1-(4-
fluorophenyl)ethylidene)isonicotinohydrazide 89 (Scheme 40) in
similar conditions. The interaction of compound 90 with different

2
0 F NT A <
(CH,C0),0 - @
N ANy o]
\ H reflux, 2h or
N~ CH, MWI, 250W5 min H.C

N

substituted benzohydrazide derivatives along with a catalytic
amount of anhydrous ZnCl; in absolute ethanol led to the formation
of appropriately 2H-1,3,4-oxadiazole based ethylidene hydrazones
91 as potential antituberculars [74]:

0
CH CH
: P 7 *H
R N/ 2 N \ N\ ~ N R
¢} H — ~ N N~

EtOH, reflux, 8-10h o 0
or MWI, 7-10 min H,C
F

F

Scheme 40. Synthesis and modification of 5-pyridyl substituted 2-methyl-2-(4-fluorophenyl)-3-acetyl-2H-1,3,4-oxadiazole by cyclization of N'-(1-(4-
fluorophenyl)ethylidene)isonicotinohydrazide

3. CONCLUSIONS

1,3,4-Oxadiazole ring system is a very interesting and
important scaffold which is associated with a wide range of
biological activities including anticancer, antimicrobial, antifungal,
antitubercular, antiviral, antioxidant, anti-inflammatory and
analgesic action etc. The presence of oxadiazole cycle as a part of
drug structures can be determinant for its physicochemical and
pharmacokinetic properties. The significant pharmacological
potential of oxadiazole derivates promotes the scientists to further
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