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Abstract: - Heterocyclic compounds area unit of greatly interest in our existence. Heterocyclic compounds have one or a lot of 

hetero atoms in their structure. They will be cyclic or non-cyclic in nature. Heterocyclic compounds have a large vary of 

application. They’re preponderantly used as prescribed drugs, as agrochemicals and as veterinary product. They additionally 

notice applications as sanitizers, developers, antioxidants, as corrosion inhibitors, as copolymers, dye stuff. They’re used as 

vehicles within the synthesis of alternative organic compounds. a number of the natural product e.g. 

antibiotics like penicillin’s,  cephalosporin; alkaloids like periwinkle plant derivative, morphine, antihypertensive drug etc. 

have heterocyclic moiety.  
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I.INTRODUCTION 

 

A heterocyclic may be a cyclic compound that has atoms of a minimum of 2 totally different components as members of its 

ring(s) [1-15]. The counterparts of heterocyclic compounds area unit iso cyclic compounds, the rings of that area unit product 

of one component. Though heterocyclic compounds is also inorganic, most 

contain a minimum of one carbon. Since in chemistry non-carbons typically area unit thought-about to interchange carbon 

atoms, they're known as heteroatom, that means totally different from carbon and {hydrogen |H| atomic number 

1|chemicalcomponent|element|gas} (rings of heteroatom  of constant element area unit iso cyclic Heterocyclic 

compounds is usefully classified supported their electronic structure. The saturated hetero cycles behave just like the acyclic 

derivatives. Thus, piper dine and tetra hydro furan area unit typical amines and ethers, with changed steric profiles. Therefore, 

the study of heterocyclic chemistry focuses particularly on unsaturated derivatives, and also the preponderance of labor and 

applications involves unstrained 5- and six-membered rings. Enclosed area unit base, thio-phene, pyrrole, and furan. 

Another giant category of hetero cycles is amalgamated to aromatic hydrocarbon rings, that for base, thio-phene, pyrrole, 

and furane area unit quinoline, benzo thio-phene, indole, and cumarone, severally. Fusion of 2 aromatic 

hydrocarbon rings create to a 3rd giant family of compounds, severally the acridine, di-benzo thio-phene, carbazole, and di-

benzo-furan. The unsaturated rings is classified in keeping with the participation of the heteroatom within the pi-system. 

 

II.COMMON POSSIBILITIES OF HETEROCYCLIC COMPOUNDS 

 

The foremost common hetero cycles unit of measurement those having five- or nine-membered rings and containing heteroatoms 

of element (N), oxygen (O), or sulfur (S). The foremost effective wonderful of the straightforward heterocyclic compounds unit of 

measurement base, pyrrole, furan, and thio phene. A molecule of base contains a hoop of six atoms-five carbon atoms and 

one element atom. Pyrrole, furan, and thio-phene molecules each contain nine-membered rings, composed of four atoms of carbon 

and one atom of element, oxygen, or sulfur, severally alkali and pyrrole unit of measurement every element hetero cycles-their 

molecules contain element atoms beside carbon atoms among the rings. The molecules of the various biological materials 

consist partially of base and pyrrole rings, and such materials yield very little amounts of base and pyrrole upon durable heating.  

  Their chief business interest lies in their conversion to various substances, in the main dyestuffs and medicines. Furan is 

associate oxygen-containing hetero cycle used primarily for conversion to various substances (including pyrrole). Furfural, a 

close chemical relative of organic compound, is obtained from oat hulls and corncobs and is used among the production of 

intermediates for nylon. Thio phene, a sulfur hetero cycle, resembles hydrocarbon in its chemical and physical properties. it is 

a frequent material of the hydrocarbon obtained from natural sources and was 1stdiscovered throughout the purification 

of hydrocarbon. Rather like the choice compounds, it's used primarily for conversion to various substances. Organic compound and 

thio phene were every discovered among the latter a neighborhood of the nineteenth century 3. In general, the physical and 

chemical properties of heterocyclic compounds unit of measurement best understood by scrutiny them with traditional organic 

compounds that don’t contain hetero atoms. Hetero cyclic chemistry deals with heterocyclic compounds that 

represent regarding sixty five you look after chemistry literature four. Heterocyclic unit of measurement cosmopolitan in nature and 

essential to life; they play a big role among the metabolism of all living cells. Genetic material chemical compound Hawkeye 

State in addition composed of heterocyclic bases-pyrimidine’s and purines. Associate in nursing large vary of heterocyclic 

compounds, every artificial and natural, unit of measurement pharmacologically active and unit of measurement in clinical use. 

Heterocyclic compounds have an outsized vary of application: they are predominant among the type of compounds used as 

prescription drugs, as agrochemicals and as veterinary product. They in addition notice applications as sanitizers, developers, 

antioxidants, as corrosion inhibitors, as copolymers, dyestuff 6.They are used as vehicles among the synthesis of other organic 

compounds. Some of the natural product e.g. antibiotics like penicillin’s, cephalosporin; alkaloids like periwinkle plant spinoff, 
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morphine, antihypertensive drug etc. have hetero cyclic moiety. One of the reasons for the widespread use heterocyclic compounds 

is that their structures is subtly manipulated to comprehend a needed modification in perform. Many hetero cycles can be fitted 

into one of variety of broad groups of structures that have overall similarities in their properties but significant variations among 

the cluster. Such variations can embrace variations in acidity or basicity, all completely different polarity seven. 

The possible structural variations embrace the modification of one heteroatom for an extra ring and all completely 

different positioning of constant heteroatoms among the ring.  

 

CLASSIFICATION OF HETRO CYCLIC COMPOUNDS 

 

While heterocyclic chemical compounds is also inorganic compounds or organic compounds, maximum cover a least of one 

carbon. Whereas atoms that area unit neither carbon nor gas area unit commonly named in chemistry as hetero atoms, this can be 

sometimes compared to the all carbon backbone. Heterocyclic compounds may be usefully classified supported their electronic 

structure. The saturated hetero cycles behave just like the acyclic derivatives. Thus, pi-pyridine and tetra hydro furan area 

unit standard amines and ethers, with changed steric profiles. Therefore, the study of heterocyclic chemistry focuses particularly on 

unsaturated derivatives, and therefore the preponderance of labor and applications involves unstrained 5- and six-

membered rings. Enclosed area unit alkali, thio phene, pyrrole, and furan. Another giant category of heterocyclic area 

unit united to benzine rings, that for alkali, thio-phene, pyrrole, and furfuran area unit quinoline, benzo-thio-phene indole, 

and cumarone, severally. Fusion of 2 benzine rings provides rise to a 3rd giant family of compounds, severally the acridine, di-

benzo thio-phene, carbazole, and di benzo furan. The unsaturated rings may be classified consistent with the participation of the 

heteroatom within the conjugated system, pi system. 

 

III.PHYSICAL PROPERTIES OF HETEROCYCLIC COMPOUNDS  

 

Physical properties area unit necessary as criteria for deciding the purity of hetero-cycles even as for different organic compounds. 

Organic compounds typically show nice regularity in their physical properties, and hetero-cycles aren't any-exception. The freezing 

point was once a wide used criterion for purity, however it's been progressively outdated by optical spectra, supported light-

weight absorption; mass spectra, supported relative lots of molecular fragments; and resonance spectra, supported nuclear 

properties (spectroscopy). All the same, data of melting and boiling points remains useful for deciding the purity of a compound. 

 

3-MEMBERED RINGS 

 

Hetero cycles with 3 atoms within the ring area unit additional reactive as a result of ring strain. Those containing one 

heteroatom area unit, in general, stable. Those with 2 heteroatoms area unit additional seemingly to occur as reactive intermediates. 

Common 3-membered hetero-cycles with one heteroatom are: 

 

Heteroatom Saturated  Unsaturated  

Boron Borirane Borirene 

Nitrogen Aziridine Azirine 

Oxygen Oxirane (ethylene oxide, epoxides) Oxirene 

Phosphorus Phosphirane Phosphirene 

Sulfur Thiirane (episulfides) Thiirene 

Those with two heteroatoms include 

Nitrogen Diaziridine Diazirine 

Nitrogen/oxygen Oxaziridine  

Oxygen Dioxirane  

 

  

4-MEMBERED RINGS 

Heteroatom Saturated Unsaturated 

Nitrogen Azetidine Azete 

Oxygen Oxetane Oxete 

Sulfur Thietane Thiete 

Compounds with two heteroatoms: 

Nitrogen Diazetidine Diazete 

Oxygen Dioxetane Dioxete 

Sulfur Dithietane Dithiete 
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5-MEMBERED RINGS 

With hetero cycles containing five atoms, the unsaturated compounds are frequently more stable because of aromaticity. 

Five-membered rings with one heteroatom 

Heteroatom Saturated Unsaturated 

Antimony  Stibolane Stibole 

Arsenic  Arsolane Arsole  

Bismuth  Bismolane Bismole  

Boron Borolane Borole 

Nitrogen  

Pyrrolidine ("Azolidine" 

is not used) 

Pyrrole ("Azole" 

is not used) 

Oxygen  Tetrahydrofuran  Furan  

Phosphorus  Phospholane  Phosphole  

Selenium  Selenolane  Selenophene  

Silicon  Silacyclopentane Silole 

Sulfur  Tetrahydrothiophene  Thiophene  

Tellurium  Tellurophene  

Tin Stannolane Stannole  

 

Five-membered rings with two heteroatoms 

The 5-membered ring compounds having two hetero atoms, at smallest amount one of which is nitrogen, are together called 

the azoles. Thiazoles and iso-thiazoles contain a sulfur and a nitrogen atom in the ring. Di-thiolanes have two sulfur atoms. 

Heteroatom Saturated 
Unsaturated (and partially 

unsaturated) 

Nitrogen/nitrogen Imidazolidine  

Pyrazolidine 

Imidazole (Imidazoline) 

Pyrazole (Pyrazoline) 

Nitrogen/oxygen Oxazolidine 

Isoxazolidine 

Oxazole (Oxazoline) 

Isoxazole 

Nitrogen/sulfur Thiazolidine 

Isothiazolidine 

Thiazole (Thiazoline) 

Isothiazole 

Oxygen/oxygen Dioxolane   

Sulfur/sulfur Dithiolane   

Five-membered rings with at least three heteroatoms 

Heteroatom Saturated Unsaturated 

3 × Nitrogen  Triazoles 

2 × Nitrogen / 1 × oxygen  
Furazan 

Oxadiazole 

2 × Nitrogen / 1 × sulfur  Thiadiazole 

1 × Nitrogen / 2 × oxygen  Dioxazole  

1 × Nitrogen / 2 × sulfur  Dithiazole  

4 × Nitrogen  Tetrazole  

4 × Nitrogen/1 × Oxygen  Oxatetrazole 

4 × Nitrogen/1 × Sulfur  Thiatetrazole 

5 × Nitrogen  Pentazole  
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6-MEMBERED RINGS 

Heteroatom Saturated Unsaturated Ions 

Antimony  Stibinin[4]  

 Arsenic Arsinane  Arsinine  

Bismuth   Bismin[5]  

Boron Borinane  Borinine  Boratabenzeneanion 

Germanium  Germinane  Germine   

Nitrogen Piperidine (Azinane is not used) Pyridine (Azine is not used) Pyridiniumcation 

Oxygen Tetrahydropyran  Pyran (2H-Oxine is not used) Pyrylium cation 

Phosphorus Phosphinane  Phosphinine   

Selenium    Selenopyryliumcation 

Silicon  Silinane  Siline   

Sulfur Thiane Thiopyran (2H-Thiine is not used) Thiopyryliumcation 

Tin Stanninane  Stannine   

With two heteroatoms: 

Heteroatom Saturated Unsaturated 

Nitrogen / nitrogen Piperazine  Diazines  

Oxygen / nitrogen Morpholine  Oxazine  

Sulfur / nitrogen Thiomorpholine  Thiazine  

Oxygen / oxygen Dioxane  Dioxine  

Sulfur / sulfur Dithiane  Dithiin  

With three hetero atoms: 

Heteroatom Saturated Unsaturated 

Nitrogen Hexahydro-1,3,5-triazine  Triazine 

Oxygen Trioxane   

Sulfur Trithiane   

With four heteroatoms: 

Heteroatom Saturated Unsaturated 

Nitrogen  Tetrazine  

With five heteroatoms: 

Heteroatom Saturated Unsaturated 

Nitrogen  Pentazine  

The hypothetical compound with six nitrogen heteroatoms would be hexazine. 
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7-MEMBERED RINGS  

With 7-membered rings, the heteroatom need be able to provide an empty pi orbital (e.g., boron) for "normal" aromatic 

stabilization to be available; otherwise, homo aromaticity may be possible. Compounds with one heteroatom contain: 

Heteroatom Saturated Unsaturated 

Boron  Borepin 

Nitrogen Azepane  Azepine  

Oxygen Oxepane  Oxepine  

Sulfur Thiepane Thiepine  

Those with two heteroatoms include: 

Heteroatom Saturated Unsaturated 

Nitrogen Diazepane  Diazepine  

Nitrogen/sulfur  Thiazepine  

8-membered rings  

Heteroatom Saturated Unsaturated 

Nitrogen Azocane  Azocine  

Oxygen Oxocane  Oxocine  

Sulfur Thiocane  Thiocine  

9-membered rings  

Heteroatom Saturated Unsaturated 

Nitrogen Azonane  Azonine  

Oxygen Oxonane  Oxonine  

Sulfur Thionane  Thionine  

 

APPLLICATIONS OF HETEROCYCLIC COMPOUNDS  

Heterocycles have been found a key structural in medical chemistry and also they are frequently found in large percent in 

biomolecules such as enzyme, vitamins, natural products and biological active compounds including antifungal, anti-inflammatory, 

antibacterial, antioxidant, 

anticonvulsant, anti-allergic, enzyme inhibitors, herbicidal activity, anti-HIV, anti-diabetic, anticancer activity, insecticidal agents. 

 

ANTIFUNGAL ACTIVITY 

 

It is substances or medications that used to treats the fungal infection which is most commonly located on the skin, hair and nails. 

There are some common fungal infections such as ringworm and athlete's foot, etc. The effect of antifungal medicine either by 

killing the fungal cells due to affecting on the substances of the cell membrane which is lead to cells components leak out and cell 

die. Another way by preventing the grow than d reproduction of the fungal cells .Molnar et al. [3] have synthesized a series of di 

picolinic acid derivatives, some of it show antifungal activity against fungal strains called Aspergillus flavus, Aspergillus ochraceus, 

Fusarium graminearum and Fusarium verticilioides. 

 

 
In the analysis by scientist’s synthesized indole 3-acetic acid based bio polymeric hydrogels, this compounds also show activity 

against fungal infections and tested of several type of fungi including, Aspergillus fumigates, Rhizopus oryzae and Candida albicans 
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at different concentrations using ketoconazole as positive control and Dimethyl Sulfoxide (DMSO) as negative control for 

antifungal activity. 

                                          
Wahbi et al. [5] have synthesized heterocyclic derivatives based on chalcone that contain five membered rings including pyrrole, 

furan and thiophene. The purpose of that is to increase the property of antifungal activity of some prepared compounds, also they 

were studied these compounds with theoretical programs and shows it is new activity as antifungal agents. 

                                    
ANTI-INFLAMMATORY ACTIVITY 

 

Is a term referring to the substances that used to treatment or reduces inflammations or swelling. Analgesic makes up about half of 

anti-inflammatory drugs. Relieving pain by reducing inflammation as opposed to opioids which affect the central nervous system, 

to block pain signaling to the brain. The most common anti-inflammatory drugs are aspirin and ibuprofen and naproxen, this type 

of anti-inflammatory called Non-steroidal Anti-inflammatory Drug (NSAIDs), this term recognizes these drugs from steroids. The 

mechanism of actions of these drugs includes inhibiting the activity of Cyclooxygenase (COX) enzymes. The activity of these 

enzymes is in the metabolism of arachidonic acid.IsoenzymesofcyclooxygenasemaybethetargetofcertainNSAIDs.Sawhney and 

Bhutani  have prepared some novel 2-(2-benzothiazolyl)-6-aryl-4,5-dihydro-3(2H)-pyridazinoneandfoundthattheypossessedlow to 

moderate anti-inflammatory activity 

                 

 
  Scientists have synthesized some of 4, 6-Diamino-3-cyano-2-methylthiopyridine derivatives and proved this compounds have 

antiinflammatory by carrageenan-induced paw oedema standard method in rats. 
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ANTIBACTERIAL ACTIVITY 

 

Antibacterial or antibiotics is a term that used to describe the drugs which are used for prevention or treatment of bacterial infections, 

either by killing or inhibit the growth of bacteria. The antiprotozoal activity also related to some of the antibiotics. Antibiotics do 

not effective against viral infections such as the common cold or influenza. The emergence of resistant organisms may happen if 

the using of antibiotics was inappropriate. The classification of antibiotics is according to the mechanisms of actions or chemical 

structural. Aromatic heterocyclic derivatives represent an important part of antibiotics chemical structure such as β-lactam 

derivatives, and there are a lot of chemists’ have been synthesis many compounds have this type of activity and tested it on several 

types of bacteria. We will review some of this works in recent two years. Abbass and Zimam [9] have been synthesized some new 

pyrimidine and 1, 2, 3, 4-tetrazole derivatives based on sulfadiazine and tested these compounds on two types of bacteria 

Streptococcus spp., (Gram-positive bacteria) and Porphyromonas gingivalis (Gram-negative bacteria). 

 

 
  have been synthesized some of N-substituted acetamide derivatives of azinane-bearing 1,3,4-oxadiazole nucleus derivatives 

andscreening it is antibacterial activity against five types (Salmonella typhi, Escherichia coli, P. aeruginosa, S. aureus and Bacillus 

subtilis) of bacterial strains. All the synthesized compounds are moderate inhibitors but relatively more active against Gram-

negative bacterial strains. 5-{1-[(4-Chlorophenyl)sulfonyl]piperidin-4-yl}-2-{[N-(2-methylphenyl)-2- acetamoyl]thio]}-1,3,4-

oxadiazole is the most active growth inhibitor fall the strains except S. aureus. 

 
Deng et al.have synthesized a series of new derivatives of tetra-cyclines. 1, 7-trifluoromethyl-8-pyrrolidinyltetracyclines as broad 

spectrum antibacterial agents with enhanced activity against P. aeruginosa 
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Narsimha et al. [12] synthesized excellent new broad spectrum antibacterial agents which is a novel substituted imidazole [2, 1-a] 

iso indole derivatives and tested it in vitro against for types of bacteria two Gram-positive bacteria such as S. aureus and B. subtilis 

two Gram-negative bacteria such as E. coli and Proteus vulgaris with streptomycin as standard drug (positive control) for 

comparison. 

 
ANTICANCER ACTIVITY 

 

Cancer is a group of diseases involving abnormal cell growth with the potential to invade or Spread to the other parts of the body. 

This disease caused by varied agents such as, chemical compound, radiant energy. There are a lot of drugs which is used for 

treatment of this disease either by kill cancer cells or modify their growth. We will review the latest synthetic compounds that used 

for this purpose .Liu et al. [25] have been synthesized 6-OH-Phenanthroquinolizidine alkaloid and its derivatives, which are exert 

a potent anticancer activity by delaying the S phase progression of the cell. 

                                            
Morsy et al. [26] have been synthesized new derivatives of coumarin containing compounds which showed anticancer activity by 

screened biologically against two human tumor cell lines, breast carcinoma Michigan Cancer Foundation-7 (MCF-7) and hepato 

cellular carcinoma (HepG-2), at the National Cancer Institute, Cairo, Egypt using 5-fluorouracil as standard drug. Below the 

structure of some of the synthesized compounds. 

 
 

Thigulla et al. [27] have been synthesized fused chromeno [4, 3-b] pyrrolo [3, 2-h] quinolin-7(1H)-one and test anticancer activity 

of the prepared compounds. Here we show some of these compounds. 

 

 

 
 

Heterocyclic compounds one of the important sorts of organic compounds, which is taking a wide range in the medicinal chemistry 

this due to the huge number of heterocyclic compounds that used in medicine as drugs for varied diseases. The drugs which contain 

the core of heterocyclic its skeletons such as Antifungal activity, anti-inflammation, anti-bacterial, antioxidants, anticonvulsant, ant 

allergic, herbicidal activity and anticancer, etc. 
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