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Abstract

Oxadiazoles, nitrogen-containing heterocycles, are attracting interest due to their promis-
ing biological activities. This study focuses on the synthesis of oxadiazole derivatives from
functionalized intermediates derived from terephthalic acid, a versatile and readily avail-
able aromatic precursor widely used for the construction of nitrogen heterocycles and ad-
vanced organic structures. Different synthetic approaches were explored to evaluate the
feasibility of these processes.
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1. Introduction

Heterocycles are organic compounds whose rings contain one or more heteroatoms
(nitrogen, oxygen, sulfur, etc.). This unique feature gives these molecules unique chemical
and biological properties. Heterocycles play a crucial role in the pharmaceutical, agro-
chemical, and cosmetic industries, where they form the basis of many bioactive molecules.
They are also very important in organic synthesis, often serving as intermediates in the
preparation of new functional compounds [1].

Heterocyclic compounds containing at least one nitrogen atom in their structure are
of particular interest to researchers [2], such as triazoles, thiazoles, furadiazoles, and
oxadiazoles. Oxadiazole, in particular, has one oxygen atom and two nitrogen atoms dis-
tributed over a five-membered ring [3]. This compound was first synthesized in 1965 by
Ainsworth through the thermolysis of hydrazine [4]. Oxadiazoles are known for their
many applications in various fields, highlighting the diversity of their pharmacological
effects. 1,3,4-Oxadiazole derivatives have antibacterial [5], antifungal [6], anthelmintic [7],
antitubercular [8], anticancer [9], antiviral [10], antioxidant [11], analgesic [12], anti-in-
flammatory [13], and anticonvulsant [14] properties.

In this work, we focus on the synthesis of oxadiazole derivatives from terephthalic
acid, a versatile and readily available aromatic precursor, which paves the way for the
development of new heterocyclic compounds with potential applications in the pharma-
ceutical, agrochemical, and materials fields.
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2. Results and Discussions

We report here the preparation of oxadiazole derivatives from terephthalic acid via
different synthetic routes. The functionalized intermediates obtained were then subjected
to a cyclization reaction leading to the formation of an oxadiazole system.

Bioxadiazole was synthesized using a simple and rapid method already described in
the literature [15] and recently applied in our work [16] (Figure 1).
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Figure 1. Synthesis of 5,5'-(1,4-phenylene)bis(1,3,4-oxadiazole-2(3H)-thione) from terephthalic acid.

First, terephthalic acid was converted to diester by esterification in methanol in the
presence of a catalytic amount of sulfuric acid, yielding an excellent 97% yield [15,16]. The
second step consists of preparing the dihydrazide, obtained by reflux heating the diester
with an excess (35%) of hydrazine in ethanol with a yield of 80%. Finally, the dihydrazide
was subjected to a cyclization reaction in the presence of carbon disulfide and potassium
hydroxide under reflux, leading to the production of bioxadiazole in the form of a white
solid, with a yield of 80% and a high melting point.

Two methods have been reported for the synthesis of bioxadiazole derivatives from
terephthalic acid:

The first consists of preparing a formamidine derivative from dihydrazide in the
presence of DMFDMA in DMF. The intermediate product is obtained as a yellow solid
with a yield of 85%. A cyclization reaction, carried out in DMF at high temperature, then
yields the bioxadiazole as a white solid, with a slightly improved yield. (Figure 2).
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Figure 2. Synthesis of 1,4-di(1,3,4-oxadiazol-2-yl)benzene via two different approaches.
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The second method is based on direct cyclization from dihydrazide in the presence
of POCls in DMF. Bioxadiazole is thus obtained as a white solid, with good yield and a
high melting point. (Figure 2).

Comparison of the two approaches:

It should be noted that the two synthetic approaches present notable differences:

e  The first method, using formamidine as an intermediate, leads to an improvement in
overall yield. However, it requires two successive steps, which lengthens the synthe-
sis time and increases solvent consumption, making it less economical.

e Incontrast, the second approach relies on direct cyclization. It appears simpler, faster,
and more efficient. However, the use of POCIs, a corrosive reagent, poses risks in
terms of safety and environmental impact.

3. Materials and Methods
3.1. Synthesis of Dimethylterephthalate

Terephthalic acid (7 g, 0.04 mol), methanol (150 mL) and H2504 (5 mL) were heated
under reflux for 4 h. Solid NaHCOs was added to neutralise the acid to pH 7 and filtered.
The filtrate was evaporated to dryness under vacuum to give colourless crystalline dime-
thyl terephthalate (8.64 g, 97%), m.p. 140 °C (lit. 141-142 °C) [15].

3.2. Synthesis of Terephthalicdihydrazide

Dimethyl terephthalate (1 mmol) was refluxed with an excess of hydrazine hydrate
(35%, 1 mL) in ethanol for 4 h. The solid formed was isolated by filtration to give the de-
sired product as a white solid. Yield: 80%, m.p. > 260 °C. IR (U, cm™): 3326 (NH), 1697
(CONH), 1642 (CONH), 1615 (aromatic C=C).

3.3. Synthesis of 5,5'-Benzene-1,4-Diylbis(1,3,4-Oxadiazole-2-Thiol)

Dihydrazide (1.00 mmol) was dissolved in 15 mL of ethanol and stirred at room tem-
perature. KOH (0.112 g, 2.0 mmol.) was added, and the mixture was stirred for 15 min.
Carbon disulfide CS2 (9.9 mmol, 10 equiv.) was then added dropwise under stirring. The
reaction mixture was heated under reflux at 80 °C for 3 h. After cooling, the solvent was
evaporated under reduced pressure and the residue was acidified with HCl. The resulting
precipitate was filtered, washed with ethyl acetate, and dried to afford the product as a
white solid. Yield: 80%, m.p. > 260 °C. IR (v, cm™): 3146 (N-H), 2322 (S-H), 1601 (C=N),
1488 (C-S). NMR'H (250 MHz, DMSO-ds) d: 10,32 (s, 2H, NH), 7,81 (s, 4H, Ar-H).

3.4. Synthesis of (1E,1'E)-N’,N""""-Terephthaloylbis(N,N-Dimethylformohydrazonamide)

Dihydrazide (0.20 g, 1.03 mmol) was dissolved in 5 mL of DMF. DMF-DMA (0.269 g,
2.26 mmol) was added to the solution, and the reaction mixture was heated at 60 °C and
monitored by TLC using a mixture of ethyl acetate and petroleum ether (3:2). After com-
pletion, the mixture was cooled to room temperature and poured slowly into ice-cold wa-
ter. The resulting solid was filtered and washed with water to afford the product as a
yellow solid. Yield: 85%, m.p.190 °C, IR (v, cm™): 3143-3246 (N-H), 1669 (C=N, imine),
1720 (C=0, amide), 28542922 (aliphatic C-H).

3.5. Synthesis of 1,4-di(1,3,4-Oxadiazol-2-yl)benzene

Method I:

Formamidine derivative (1.00 mmol) was refluxed in excess DMF. The progress of
the reaction was monitored by TLC using a mixture of ethyl acetate and petroleum ether
(3:2). After completion, the mixture was poured into water and extracted twice with ethyl
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acetate. The combined organic layers were evaporated to dryness to afford the product as
a white solid. Yield: 83%, m.p. > 260 °C.

Method II:

Terephthalic dihydrazide (0.15 g, 0.77 mmol) was suspended/dissolved in DMF (1-2
mL). Vilsmeier reagent (prepared from POCls in DMF, 1 mL in 1 mL DMF) was added
dropwise under stirring. The reaction was followed by TLC using a mixture of ethyl
acetate and petroleum ether (3:2). Upon completion, the mixture was poured into ice-cold
water, neutralised, and the precipitate filtered and washed to give the product as a white
solid. Yield: 80%, m.p.>260 °C.IR(u, cm™) 1689 (C=N, oxadiazole), 1575-1513 (C=C), 1280-
1218 (C-O). NMR'H (400 MHz, CDCls) d: 8,24 (s, 2H, H-5, oxadiazole), 8,04 (s, 4H, Ar-H).

4. Conclusions

Our preliminary results show that the terephthalic nucleus offers interesting struc-
tural flexibility, enabling the efficient construction of oxadiazole-based systems under
mild and easily reproducible conditions. In addition to conventional synthesis routes,
other strategies are also being explored to expand the accessible chemical space around
these heterocycles. This work thus provides a basis for the development of new oxadiazole
derivatives that could find applications in the pharmaceutical and agrochemical fields.
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