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Abstract – Heterocyclic compounds have a role in most fields of sciences such as medicinal chemistry, 
biochemistry also another area of sciences. More than 90% of new drugs contain heterocycles and the 
interface between chemistry and biology, at which so much new scientific insight, discovery and 
application is taking place is crossed by heterocyclic compounds. Compounds derived from heterocyclic 
rings in pharmacy, medicine, agriculture, plastic, polymer and other fields. Most active heterocycles 
have shown considerable biological actions as antifungal, anti-inflammatory, antibacterial, 
anticonvulsant, antiallergic, herbicidal, anticancer activity. In this study, we will understand the 
biologically active heterocyclic compound, its classification, biological importance of nitrogen-
containing heterocyclic compound. 

Keywords – Heterocyclic Compound, Biologically, Active 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

INTRODUCTION 

Heterocycles are the main classical organic chemistry 
divisions and are of considerable biological and 
industrial significance. The bulk of pharmaceuticals 
and agrochemicals that are biologically active is 
heterocyclic, while the numerous additives and 
modifiers utilized by industry are often heterocyclic, 
such as cosmetics, reprography, information storage 
and plastics. One striking structural function inherent 
in heterocycles which the drug industry exploits greatly 
is their ability to display substituents in given three-
dimensional images by a core scaffold. Heterocycles 
have been one of the major fields of study in organic 
chemistry for more than a century. Heterocycles have 
led to the biological and economic advancement of 
civilization as well as to the awareness of the 
mechanisms of life aimed at improving the quality of 
life. More than two-thirds of the around 20 million 
chemical compounds found by the end of the second 
millennium are entirely or partly aromatic, and about 
half are heterocyclic. 

Synthetic heterocycles have widely used therapeutic 
uses such as antibacterial, antifungal, 
antimycobacterial, trypanocidal, anti-HIV, anti-
leishmanial, genotoxic, antitumoral, anti-inflammatory, 
muscular relaxants, anticonvulsants, anti-cancer, and 
lipid peroxidants, hypnotic agents, non-depressants 
and anti-transplants There are more synthetic 
heterocyclic compounds with other essential uses, 
such as fungicides, herbicides, antibody, photo 

stabilizers, agrochemicals, dyestuffs, copolymers, 
development photographers, fluorescent whiteners, 
sensitizers, boosters, rubber antioxidants, and 
flavorers. The compounds of pyrimidine (cytoses, 
uracils, and thymines) and purine (adenine and 
guanines) are monocyclic and bicyclic heterocycles, 
each of which consists of two and four nitrogen 
atoms. The deoxyribonucleic acid (DNA) molecules 
are essential components that engage directly in the 
decoding of genetic material. 

CLASSIFICATION OF HETEROCYCLIC 
COMPOUNDS 

The heterocyclic compounds we have classified and 
as per the number of members and heterocyclic 
atoms (N, S, O, Se...)‘ 

a) Aromaticity of heterocyclic compounds 

Aromaticity is one of the most basic values in 
chemical science and is particularly interested to 
understand heterocyclic compounds crystal 
structure. The biological processes are driven by 
heterocyclic compounds. Scientists thus strive to 
understand the chemistry of heterocyclic compounds 
to improve human life quality. The composition and 
properties of heterocyclic compounds are of special 
interest in understanding aromantics. The 
quantitative aromaticity analysis has become 
possible in recent years to establish the aromatic 
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characteristics, including the polycyclic fusion of 
heterocyclic compounds. 

More than 90% of modern medicines contain 
nanostructures and the interface between biology and 
chemistry, which is connected by heterocyclic 
compounds with too much new scientific research and 
use. 

Many other new Heterocyclic Derivatives, including 
hydrazine hydrogenic and its derivates as well as 
aniline and active methylene substances, have been 
formulated by cycloaddition reactions to the new 
heterocyclic compounds in five, six, and seven 
sections. 

• Medicinal significance of Heterocyclic 
compounds: In many common diseases 
there are a large amount of pharmacologically 
active heterocyclic compounds. In certain 
common illnesses, such as antibiotics, 
herbicides, urinary antiseptics, and anti-
inflammatory agents, there are a large number 
of pharmacologically active heterocyclic 
compounds. Some heterocycles include 
antitumor and antibiotics, anti-inflammatory, 
antidepressant, anti-malarial, anti-HIV, and 
post-HIV operation.  

• The biological significance of Heterocyclic 
compounds: There are several useful 
biological results of few heterocyclic 
compounds comprising the 5-member 
oxadiazole nucleus. Because of its diverse 
biological behavior, moieties are essential. 
The next types of medicines are used for 
treating different illnesses using the 
heterocycle nucleus. Anti-histamine, anti-
inflammatory, analgesic, immunomodulatory, 
antihistamine, antifungal, analgesic, Local 
anesthetics, Antianxiety, antiepileptic, 
antimalarial. Anti-epileptics, antivirals, 
antihypertensives. Penicillin and 
Cephalosporin, such as antibiotics. 

• Other versatile applications of Heterocyclic 
compounds: Important solvate chromic, 
photochromic and biochemical properties of 
these heterocyclic compounds are present. 
The huge applications of main heterocycles 
are supermolecular, particularly in conjugated 
polymers in material sciences such as 
dyestuff, fluorescence, luminance, information 
storage, plastic, and analytic reagents. They 
often serve as organic conductors, operating 
data carriers, organic light-emitting diodes, 
semiconductors, molecular wires, photovoltaic 
cells, light collector systems, and chemical-
controllable compounds. liquid crystalline 
compounds. 

 

b) Regulatory affairs 

In the field of pharmaceuticals, Regulatory Affairs (RA) 
experts perform a vital role, since it is concerned with 
the life cycle of medical drugs, it offers political, 
tactical, organizational guidance and assistance for 
regulatory work to expedite the production and 
distribution of health substance safety and 
effectiveness to people worldwide. The road to drug 
registration marketing clearance is well-intended and 
can be difficult drug production and commercialization 
Things are still changing. 

c) Regulatory affairs in R&D 

In conjunction with marketing and R&D, the regulatory 
staff produces novel goods that use emerging 
technologies and regulatory innovations to speed 
market time. With the anticipated addition of new 
goods to substantial sales, modest declines in terms of 
time to market are tantamount to major income and 
benefit growth. Using adaptive clinical studies 
tactics, rapid clearance from regulators, and 
preventing process crashes can speed new product 
growth and help minimize expensive mistakes and 
delays. 

BIOLOGICAL IMPORTANCE OF NITROGEN 
CONTAINING HETEROCYCLIC COMPOUND 

a) Chromeo Pyrimidines 

In biologically active and natural compounds, 
chromeno moiety is the essential structural factor. A 
fragment of chrome comes from alkaloids, 
flavonoids, tocopherols and anthocyanins. Poly-
factionalized pyrene derivatives are a typical sub-unit 
in a broad range of essential natural products, such 
as alkaloids, sugars, antibiotics, insecticides and 
herbicides as functional and diverse as they are, 
pyrimidines remain a primary focus of researchers in 
countries worldwide. the special status of chromium 
compound 4H – Chromeno derivatives are a 
significant class of heterocycles that have drawn 
tremendous interest because of their valuable 
biological and pharmacological characteristics, for 
example, anticoagulant, spasmolytic, diuretic, and 
anti-anaphylactic effects. 4H-Pyrans are often 
structural characteristics of different natural 
resources and have useful photochemical 
characteristics. Given this useful feature, it is not 
shocking that synthetic approaches to these ring 
structures have developed over the years. 
Furthermore, the broad pharmaceutical value of 
nitrogen-containing heterocycles justifies our 
continued efforts in the exploration of synthetic 
strategies which lead to structures developed from 
the combination of heterocycles and which can 
provide valuable information on structural activity 
relations in this field. 
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Researchers identified the discovery of a novel class 
of 5-aryl-1,2-dihydro-5H-chromeno[3,4-f] quinolines (9) 
human progesterone receptor (HPR) agonists. 

 

Figure 1.1: 5-aryl-1,2-dihydro-5H-chromeno[3,4-
f]quinolines 

In a sequence of 2- (N-aryl) imino-5-hydroxymethyl-8-
methyl pyrene [2,3-c] pyridine-3-(N-aryl) 
carboxamides, researchers have identified the 
synthesis and biological activity. These compounds 
seemed to be effective inhibitors of many bacterial and 
fungal pathogens. 

 

Figure 1.2: 2-(N-aryl) imino-5-hydroxymethyl-8-
methyl-pyrano [2,3-c] pyridin-3-(N-aryl) 

carboxamides 

The researcher identified complete synthetic 
approaches in many 4H-pyrene heterocyclic 
structures, described by the title compound that was 
subsequently used as intermediates and building 
blocks for additional heterocycles. 

 

Figure 1.3: Synthesis of 4H-pyrans containing 
heterocycles 

b) Chromeno- Oxadiazoles 

Oxadiazole is a heteroaryl group with a large range of 
aryl groups, sometimes used in medicinal chemistry. It 
is called a carboxylic bio isoster that can be used to 
substitute an ester group to obtain compounds 
resistant to enzyme-catalyzed hydrolysis. Oxadiazoles 
for amides and esters are also identified as 
bioisosters. Due to the enhanced oxadiazole ring 
hydrolytic and metabolic stabilities, improved 
pharmacokinetic and in vivo efficiency are frequently 
observed, which transform these heterocycles into an 
essential structural motif in the pharmaceutical 
industry. 

Compounds comprising heterocyclic ring systems 
are medically and industrially quite significant. In the 
fields of pharmaceutical chemistry and pesticide 
research as well as in polymers and material 
sciences, five-membered ring heterocycles 
comprising two carbon atoms, two nitrogen atoms, 
and one oxygen atom or oxadiazole (Figure 1.4) are 
of significant importance. 

 

Figure 1.4: 3-Different types of oxadiazoles 

A variety of compounds involving an oxadiazole 
movement are being discovered and developed in 
late-stage clinical trials, including Zibotentan as an 
anticancer and Ataluren as a treating agent for cystic 
fibrosis. To date, one compound-containing 
oxadiazole, Raltegravir, is being introduced on the 
market as an antiretroviral medication to combat HIV 
infection. Oxadiazoles are quite important in many 
drug development programs, including diabetes, 
obesity, autism, cancer, and infection. 

 

Figure 1.5: Drugs containing Oxadiazole ring 

By cyclo-condensation of benzamidoxime with 
acetaldehyde, the researcher announced the first 
synthesis of a 1,2,4- oxadiazole derivative in 1889. 
This course is one of the most stable and 
straightforward pathways to 1,2,4- oxadiazole 
synthesis. For the synthesis of these compounds, 
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several groups have used this or a slightly different 
path. 

Researchers synthesized and analyzed a sequence of 
compounds of Isothio cyanatophenyl 1,2,4-
oxadiazoles. The main anthelmintic screen revealed 
100% nematocidal involvement in 3-(4-
isothiocyanatophenyl)-1,2,4-oxadiazole. The two most 
active ingredients in this sequence were 100 mg/kg 
sheep's gastrointestinal nematodes. In addition, 
hookworms were also seen to be present in dogs at a 
single oral dosage of 200 mg/kg. 

 

Figure 1.6: Isothio cyanatophenyl- 1,2,4-
oxadiazoles derivatives 

Researchers published on the novel 1, 2, 4- 
oxadiazole-based muscarinic agonists that can easily 
enter the central nervous system (CNS). The 
effectiveness and binding of these compounds were 
significantly affected by cationic head group 
composition and Physico-chemical properties. 
Compounds are the most effective and strong 
muscular agonists 

 

Figure 1.7: Oxadiazole-based muscarinic agonists 

c) Pyrazolo- oxadiazoles 

The single double-unsaturated compound in the ring, 
which contains two nitrogen and three carbon atoms, 
is classified as pyrazole with the neighboring nitrogen 
atoms. No pyrazole derivatives were long present in 
nature, but alanine was extracted from the seeds of 
watermelons in 1959 from β-(1-pyrazolyl) (Citrullus 
lanatus). Pyrazole is a tautomeric substance; the 
presence of tautomerism cannot be seen in the 
pyrazole itself, but pyrazole derivatives can be 
deduced. The pyrazole groups of compounds play an 
important role in medicinal chemistry among the 
different heterocycles. Pyrazole and its derivatives, a 
class of popular heterocyclic nitrogen, are essential in 
medicinal chemistry and pesticide chemistry with a 
broad range of bioactivities. Nitrogen heterocycles, 
which form the pyrazole nucleus, display a strong level 
of biological activity such as herbicides, fungicides, 
analgesics, etc. Herbicidally active pyrazolyl was 
previously identified. 

 

Figure 1.8: Resonance structure of pyrazole 

Very few derivatives of pyrazole exist spontaneously 
because of the difficulties of living organisms in 
constructing an N-N bond. Due to widespread 
applications, the evaluation of pyrazoles and their 
derivatives through synthesis and biological activity 
has been the target of intensive research as revealed 
in huge literature on the subject. 

The latest oxadiazole-diarylpyrazole 4-carboxamides 
have been identified as cannabinoid CB1 receptor 
ligands. 

 

Figure 1.9: Oxadiazole-diarylpyrazole 4-
carboxamides 

Researchers also documented the synthesis and 
potential of 1-ethyl-5-(3-methyl-1,2,4-oxadiazol-5-yl)-
N- phosphodiesterase (PDE4) (tetrahydro-2H-pyran-
4-yl) -1H-squash[3,4-b] Derivatives of pyridine-4-
amine. 

 

Figure 1.10: 1-Ethyl-5-(3-methyl-1,2,4-oxadiazol-
5-yl)-N-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo 

[3,4- b] pyridin-4-amine derivatives 

Researchers also summarized a sequence of recent 
pyrazole compounds, bridged with Sulphur. 
Synthesized pyrazole derivatives were screened 
against both gram-positive and gram-negative 
activity, such as Staphylococcus aureus and Bacillus 
subtilis of gram-positive and Escherichia Coli, 
Pseudomonas aeruginosa of the gram-negative 
species. The above pyrazole products displayed 
action against Bacillus subtilis from gram-positive 
organisms and Escherichia Coli from gram-negative 
organisms among the different pyrazoles. 
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Figure 1.11: 5-Amino-3-methoxy-1-(2-(5-phenyl-
1,3,4-oxadiazol-2-ylthio) acetyl)-1H-pyrazole-4- 

carbonitrile 

Summarizing the sequence of (4Z)-3-methyl-1-[(2-oxo-
2H-4-yl) carbonyl] researchers - 1H-pyrazole-4 and 5-
dione 4-[ hydrazone 4-replaced phenyl]. The 
compounds named for their anti-inflammatory and 
analgesic action were screened. The compound had 
strong anti-microbial activity among the synthesized 
compounds. 

 

Figure 1.12: (E)-3-methyl-1-(3-oxo-3,4-dihydro-1H-
isochromene-4-carbonyl)-4-(2-phenylhydrazono)- 

1H-pyrazol-5(4H)-one 

Researchers also documented oxadiazole 
thioglycoside synthesis and anti-tumor action. The 
compound shows strong antitumor activity among 
synthesized compounds 

 

Figure 1.13: 2-(Ethylthio)-5-(4-isobutyl-1H-pyrazol-
3-yl)-1,3,4-oxadiazole 

CONCLUSION 

Heterocyclic chemistry is an extensive subject of 
feverish action and can be seen in several research 
papers in known journals, as well as in the abundance 
of monographs and studies of different topics including 

photochemistry, pharmacology, and the industry, to 
name a few. This increase in awareness and 
implementation presents pedagogical difficulties; only 
an organic chemist is challenging to understand the 
advancement of many of its essential fields. But the 
heterocycle region gives an organic chemist the ability 
to synthesize new molecules, whose structural activity 
relationships will include applications in the medical 
sciences and so on. 
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