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Abstract  

The article examines the structure, classification, and biological role of heterocyclic 

compounds. The importance of heterocyclic systems in metabolism, pharmaceutical chemistry, 

and biochemistry is analyzed. Particular attention is paid to neurotransmitters containing 

heterocyclic fragments, including serotonin, histamine, melatonin, and purinergic mediators. 

Biosynthesis schemes, tables of pharmacological activity, and conceptual schemes of modern 

research are presented. 
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Introduction 

Heterocyclic compounds are among the most important classes of organic substances widely 

distributed in living nature. Their structure contains heteroatoms alongside carbon atoms — 

nitrogen, oxygen, sulfur, and other elements. Due to the features of their electronic structure, 

these compounds exhibit high biological activity. 

 

1. General Characteristics of Heterocyclic Compounds 

1.1 Definition 

Heterocyclic compounds are cyclic organic compounds containing one or more heteroatoms in 

the ring: nitrogen (N), oxygen (O), sulfur (S). 

 

1.2 Classification of Heterocyclic Compounds 

Heterocyclic Compounds 

┌────────────────────┼───────────────────│─ 

Nitrogen-Containing Oxygen-Containing Sulfur-Containing 

│ │ │ 

Pyridine Furan Thiophene 

Pyrrole Benzofuran Thiazole 

Imidazole Coumarin Benzothiophene 
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1.3 Classification by Ring Size 

Ring Size Examples 

Three-membered Aziridine, Oxirane 

Five-membered Pyrrole, Furan, Thiophene 

Six-membered Pyridine, Piperidine 

Condensed (Fused) Indole, Quinoline, Purine 

 

2. Aromaticity and Electronic Structure 

Aromaticity determines chemical stability, reactivity, biological activity, and pharmacological 

properties. Many heterocyclic compounds possess aromatic properties caused by π-electron 

delocalization. 

Structure of Pyrrole                               Structure of Pyridine 
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3. Heterocyclic Compounds as Metabolites 

 

3.1 Biological Role of Metabolites 

Metabolites are substances formed during metabolism. They are divided into primary and 

secondary metabolites. 

Biological Metabolism Scheme 

Nutrients 

▼ 

Primary Metabolism 

┌────────┼────────┐ 

                                   ▼                     ▼                     ▼ 

 

ATP                Amino Acids 

▼                     ▼ 

Energy            Nucleotides 

└────────┬────────┘ 

▼ 

Secondary Metabolites 

┌────────┼────────┐ 

▼                     ▼ 

Alkaloids      Neurotransmitters 
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4. Purine and Pyrimidine Bases 

Purines: adenine, guanine. 

Pyrimidines: cytosine, thymine, uracil. 

 

Table of the Biological Role of Nitrogenous Bases 

Base Type of Heterocycle Biological Function 

Adenine Purine Component of ATP and DNA 

Guanine Purine Transmission of genetic information 

Cytosine Pyrimidine Structure of DNA and RNA 

Thymine Pyrimidine DNA stabilization 

 

5. Heterocyclic Compounds as Medicinal Agents 

5.1. Importance in Pharmaceuticals 

Heterocyclic systems are widely used in the development of: 

• antibiotics; 

• antiviral drugs; 

• antifungal agents; 

• antitumor drugs; 

• psychotropic substances. 

 

5.2. Major Pharmacological Groups 

Class of Compounds Representatives Pharmacological Action 

β-Lactams Penicillin Antibacterial 

Imidazoles Ketoconazole Antifungal 

Triazoles Fluconazole Antimycotic 

Purine Analogues Acyclovir Antiviral 

Indole Derivatives Indomethacin Anti-inflammatory 

Benzodiazepines Diazepam Sedative 

 

6. Neurotransmitters Containing Heterocyclic Fragments 

6.1 Serotonin 

Serotonin is an indole derivative synthesized from tryptophan. 

 

6.2 Histamine 

Histamine contains an imidazole ring and participates in allergic reactions, inflammation, 

gastric juice secretion, and nerve impulse transmission. 

 

6.3 Melatonin 

Melatonin is an indole derivative regulating circadian rhythms, the sleep–wake cycle, and 

antioxidant protection. 
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7. Biological Activity of Heterocyclic Compounds 

Biological activity is determined by electronic density, aromaticity, lipophilicity, spatial 

structure, and the ability to form hydrogen bonds. 

 

Results and Discussion 

The analysis shows that heterocyclic compounds occupy a central place among biologically 

active substances of natural and synthetic origin. 

 

Conclusion 

Heterocyclic compounds represent one of the most important classes of biologically active 

substances. Most modern medicinal preparations are based on heterocyclic structures because 

of their high biological activity and selectivity of action. 
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