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Abstract: This article examines contemporary approaches to the synthesis of thiazole
derivatives, their physicochemical properties, biological activity, and prospects for practical
application. The study presents a review and analysis of scientific literature devoted to the use of
thiazole compounds in pharmaceutical chemistry, materials science, and organic synthesis.
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Introduction

Heterocyclic compounds occupy an important place in modern organic chemistry. Among
them, thiazole derivatives are of particular interest due to the presence of nitrogen and sulfur atoms
in their structure, which determines their distinctive chemical properties and broad spectrum of
biological activity.

At present, thiazole compounds are widely used in the synthesis of medicinal products,
pesticides, dyes, corrosion inhibitors, and functional materials. The intensive development of
thiazole chemistry is associated with the need to identify new compounds with improved
pharmacological and technological characteristics.

Materials and research methods

The study was carried out on the basis of an analytical review of contemporary national and
international publications dealing with the chemistry of thiazole derivatives. The methods of
comparative analysis, systematization, and generalization of scientific information were used.

Results and discussion

1. Structure and specific features of the thiazole ring

Thiazole is a five-membered aromatic heterocycle containing nitrogen and sulfur atoms.
Owing to the aromatic nature of the ring, compounds of this class are highly stable and are capable
of participating in various chemical transformations.

The presence of heteroatoms contributes to the redistribution of electron density, which
determines the reactivity of the molecule and enables the formation of various derivatives.

2. Methods for the synthesis of thiazole derivatives

One of the most widely used synthetic methods is the Hantzsch reaction. It is based on the
interaction of a-haloketones with thioamides and allows the preparation of a wide range of
substituted thiazoles. Another important approach is the cyclization of thiourea with carbonyl
compounds. This method is characterized by high efficiency and the availability of starting reagents.
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In recent years, considerable attention has been paid to microwave-assisted synthesis. The
application of microwave irradiation makes it possible to significantly accelerate reaction processes
and increase the yield of final products.

The use of nanocatalysts represents a promising direction. Metallic and oxide nanoparticles
provide high process selectivity and make it possible to implement the principles of green
chemistry.

3. Physicochemical properties of thiazole derivatives

Thiazole derivatives are characterized by high thermal resistance and chemical stability. Most
compounds are crystalline substances with relatively high melting points.

Solubility depends on the nature of the substituents. The introduction of polar functional
groups promotes increased solubility in water and biological media.

The structure of these compounds is commonly investigated using IR spectroscopy, NMR
spectroscopy, mass spectrometry, and X-ray diffraction analysis.

4. Biological activity of thiazole derivatives

Numerous studies confirm the broad spectrum of biological activity exhibited by thiazole
compounds. The following activities have been established:

- antibacterial activity;

- antifungal action;

- antiviral properties;

- antitumor activity;

- antioxidant effect;

- anti-inflammatory action.

Many modern pharmaceutical agents contain the thiazole fragment as a key structural element.

5. Application in pharmaceutical chemistry

Thiazole derivatives are actively used in the development of new medicinal agents. Studies of
compounds with antimicrobial and antitumor activity are of particular importance.

A promising direction is the development of hybrid molecules that combine the thiazole ring
with other pharmacophoric groups.

6. Application in materials science

Thiazole compounds are used to create functional materials with special optical and electronic
properties.

They are applied in the production of organic semiconductors, sensor systems, and
photosensitive coatings. Their high stability makes these compounds promising components of
new-generation materials.

7. Use in coordination chemistry

Due to the presence of donor nitrogen and sulfur atoms, thiazole derivatives are capable of
forming stable complexes with metal ions. Such complexes exhibit catalytic activity and may be
used in various processes of organic synthesis.

8. Prospects for further research
Current research is aimed at discovering new thiazole derivatives with improved properties.
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Of particular interest are:

- environmentally safe methods of synthesis;

- computer modeling of biological activity;

- creation of new functional materials;

- development of highly effective pharmaceutical agents.

Conclusion

Thiazole derivatives constitute a promising class of heterocyclic compounds. Their chemical
and biological properties open broad opportunities for practical application in various fields of
science and technology.

The development of new methods of synthesis and the investigation of the relationship
between the structure and properties of compounds will contribute to the further development of
thiazole chemistry and to the expansion of its areas of application.
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