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ABSTRACT 

In this review paper, information about heterocyclic compounds, methods of synthesis, reactions , properties , 

stability, saturated and unsaturated cycles , aliphatic and aromatic cycles have been thoroughly reviewed and discussed.  

KEYWORDS : Heterocyclic, Three Membered, Seven, Cyclization, Sulfur,Nitrogen 

INTRODUCTION 

Three Membered Rings 

Heterocycles with three atoms in the ring are more reactive because of ring strain. Those containing one 

heteroatom are, in general, stable. Those with two heteroatoms are more likely to occur as reactive intermediates. 

Table 1: Common 3-Membered Heterocycles with One Heteroatom Are 

Heteroatom Saturated Unsaturated 

Nitrogen Aziridine Azirine 

Oxygen Oxirane (ethylene oxide, epoxides) Oxirene 

Sulfur Thiirane (episulfides) Thiirene 

 

Tabli 2: Those with Two Heteroatoms Include 

Heteroatom Saturated Unsaturated 

Nitrogen 
 

Diazirine 

Nitrogen/oxygen Oxaziridine 

 
Oxygen Dioxirane 

 
MEMBERED RINGS 

Table 3: Compounds with One Heteroatom 

Heteroatom Saturated Unsaturated 

Nitrogen Azetidine Azete 

Oxygen Oxetane Oxete 

Sulfur Thietane Thiete 

 
Table 4: Compounds with Two Heteroatoms 

Heteroatom Saturated Unsaturated 

Nitrogen Diazetidine 
 

Oxygen Dioxetane Dioxete 

Sulfur Dithietane Dithiete 
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MEMBERED RINGS 

With heterocycles containing five atoms, the unsaturated compounds are frequently more stable because of 

aromaticity. 

Table 5: Five-Membered Rings with One Heteroatom 

Heteroatom Saturated Unsaturated 

Nitrogen Pyrrolidine (Azolidine is not used) Pyrrole (Azole is not used) 

Oxygen Tetrahydrofuran(Oxolane is rare) Furan (Oxole is not used) 

Sulfur Thiolane Thiophene (Thiole is not used) 

Boron Borolane Borole 

Phosphorus Phospholane Phosphole 

Arsenic Arsolane Arsole 

Antimony Stibolane Stibole 

Bismuth Bismolane Bismole 

Silicon Silolane Silole 

Tin Stannolane Stannole 

 

The 5-membered ring compounds containing two heteroatoms, at least one of which is nitrogen, are collectively 

called the azoles. Thiazoles and isothiazoles contain a sulfur and a nitrogen atom in the ring. Dithiolanes have two sulfur 

atoms. 

Table 6 

Heteroatom Saturated Unsaturated (and Partially Unsaturated) 

Nitrogen/nitrogen ImidazolidinePyrazolidine Imidazole (Imidazoline)Pyrazole (Pyrazoline) 

Nitrogen/oxygen OxazolidineIsoxazolidine Oxazole (Oxazoline)Isoxazole 

Nitrogen/sulfur ThiazolidineIsothiazolidine Thiazole (Thiazoline)Isothiazole 

Oxygen/oxygen Dioxolane 

 
Sulfur/sulfur Dithiolane 

 
 

Table 7: A Large Group of 5-Membered Ring Compounds with Three Heteroatoms Also Exists. One Example is 
Dithiazoles That Contain two Sulfur and a Nitrogen Atom 

Heteroatom Unsaturated 

3 × Nitrogen Triazoles 

2 × Nitrogen / 1 × oxygen FurazanOxadiazole 

2 × Nitrogen / 1 × sulfur Thiadiazole 

1 × Nitrogen / 2 × sulfur Dithiazole 
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Table 8: Five-Member Ring Compounds with Four Heteroatoms 

Heteroatom Unsaturated 

4 × Nitrogen Tetrazole 

With 5-heteroatoms, the compound may be considered inorganic rather than heterocyclic. Pentazole is the all 

nitrogen heteroatom unsaturated compound. 

MEMBERED RINGS 

Table 9: Six-Membered Rings with a Single Heteroatom 

Heteroatom Saturated Unsaturated 

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

Oxygen Oxane Pyran (2H-Oxine is not used) 

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

Silicon Salinane Siline 

Germanium Germinane Germine 

Tin Stanninane Stannine 

Boron Borinane Borinine 

Phosphorus Phosphinane Phosphinine 

Arsenic Arsinane Arsinine 

 

Table 10: 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 Dithiine 

 

Table 11: With Three Heteroatoms 

Heteroatom Saturated Unsaturated 

Nitrogen 
 

Triazine 

Oxygen Trioxane 
 

 

Table 12: With Four Heteroatoms 

Heteroatom Saturated Unsaturated 

Nitrogen 
 

Tetrazine 
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The hypothetical compound with six nitrogen heteroatoms would be hexazine. 

MEMBERED RINGS 

Table 13: With 7-Membered Rings, the Heteroatom Must Be Able to Provide an Empty Pi Orbital 

(E.G., Boron) for "Normal" Aromatic Stabilization t o Be Available; Otherwise, Homoaromaticity 

May Be Possible. Compounds with One Heteroatom Include: 

Heteroatom Saturated Unsaturated 

Nitrogen Azepane Azepine 

Oxygen Oxepane Oxepine 

Sulfur Thiepane Thiepine 

 

Table 14: Those with Two Heteroatoms Include 

Heteroatom Saturated Unsaturated 

Nitrogen Homopiperazine Diazepine 

Nitrogen/sulfur 
 

Thiazepine 

MEMBERED RINGS 

Table 15 

Heteroatom Saturated Unsaturated 

Nitrogen Azocane Azocine 

Sulfur 
  

 
Table 16: Names in Italics Are Retained By IUPAC and They Do Not 

Follow the Hantzsch-Widman Nomenclature 

 Saturated Unsaturated 

Heteroatom Nitrogen Oxygen Sulfur  Nitrogen Oxygen Sulfur  

3 Atom Ring 

Aziridine  Oxirane  Thiirane  Azirine  Oxirene Thiirene   

       

4 Atom Ring 

Azetidine Oxetane Thietane Azete Oxete Thiete 

 

      
 

5 Atom Ring 

Pyrrolidine Oxolane Thiolane Pyrrole  Furan Thiophene 

 

      
 

6 Atom Ring 

Piperidine Oxane Thiane Pyridine Pyran  Thiopyran 
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7 Atom Ring 

Azepane Oxepane Thiepane Azepine Oxepine Thiepine 

 

      
 

 

Fused Ring 

Heterocyclic rings systems that are formally derived by fusion with other rings, either carbocyclic or heterocyclic, 

have a variety of common and systematic names. For example, with the benzo-fused unsaturated nitrogen heterocycles, 

pyrrole provides indole or isoindole depending on the orientation. The pyridine analog is quinoline or isoquinoline. For 

azepine, benzazepine is the preferred name. Likewise, the compounds with two benzene rings fused to the central 

heterocycle are carbazole, acridine, and dibenzoazepine. 

History of Heterocyclic Chemistry 

The history of heterocyclic chemistry began in the 1800s, in step with the development of organic chemistry. 

Some noteworthy developments:1818: Brugnatelli isolates alloxan from uric acid1832: Dobereiner produces furfural (a 

furan) by treating starch with sulfuric acid1834: Runge obtains pyrrole ("fiery oil") by dry distillation of bones1906: 

Friedlander synthesizes indigo dye, allowing synthetic chemistry to displace a large agricultural industry1936: Treibs 

isolates chlorophyl derivatives from crude oil, explaining the biological origin of petroleum.1951: Chargaff's rules are 

described, highlighting the role of heterocyclic compounds (purines and pyrimidines) in the genetic code. 

Heterocyclic Compounds 

We classified heterocyclic compounds according to number of member and type of hetero atoms( N ,S , O, Se 

,…..) of such a replacement are numerous.  

Nomenclature 

We named heterocyclic compounds according to number of member and type of hetero atoms( N ,S , O, P , Si , 

,…..) and number of hetero atom in same cycle 

 

Figure 1 

Table 17: Her with Examples for Nomenclature for Hetero Cycles 

Element Oxygen Sulfur  Selenium Nitrogen Phosphorous Silicon Boron 

Valence II II II III III IV III 

Prefix Oxa Thia Selena Aza Phospha Sila Bora 
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EXAMPLES  for Types of Hetero Cycles ((Saturated and Unsaturated )) 

Table 18 

Ring Size 3 4 5 6 7 8 9 10 

Suffix Unsaturated 
Saturated  

Irene 
Irane 

Eteetane Oleolane Ineinane Epineepane Ocineocane Onineonane Ecineecane 

 

 

Figure 2 

 

Figure 3: Examples For Heterocycles : Mono And Bi Cycles 

 

Heterocyclic rings are found in many naturally occurring compounds. Most notably, they compose the core 

structures of mono and polysaccharides, and the four DNA bases that establish the genetic code. By clicking on the above 

diagram some other examples of heterocyclic natural products will be displayed. 

PREPARATION AND REACTIONS 

Three-Membered Rings 

Oxiranes (epoxides) are the most commonly encountered three-membered heterocycles. Epoxides are easily 

prepared by reaction of alkenes with peracids, usually with good stereospecificity. Because of the high angle strain of the 

three-membered ring, epoxides are more reactive that unstrained ethers. Addition reactions proceeding by electrophilic or 

nucleophilic opening of the ring constitute the most general reaction class. Example 1 in the following diagram shows one 

such transformation, which is interesting due to subsequent conversion of the addition intermediate into the corresponding 

thiirane. The initial ring opening is stereoelectronically directed in a trans-diaxial fashion, the intermediate relaxing to the 



Review in Heterocyclic Compounds                                                                                                                                                               55 

 

editor@tjprc.org                                                                                                                                               www.tjprc.org 

diequatorial conformer before cyclizing to a 1,3-oxathiolane intermediate. Other examples show similar addition reactions 

to thiiranes and aziridines. The acid-catalyzed additions in examples 2 and 3, illustrate the influence of substituents on the 

regioselectivity of addition. The phenyl substituent in example 3 serves to stabilize the developing carbocation to such a 

degree that SN1 selectivity is realized. The reduction of thiiranes to alkenes by reaction with phosphite esters (example 6) is 

highly stereospecific, and is believed to take place by an initial bonding of phosphorous to sulfur. 

 

Figure 4 

An interesting regioselectivity in the intramolecular ring-opening reactions of disubstituted epoxides having a 

pendant γ-hydroxy substituent has been noted. As illustrated below, acid and base-catalyzed reactions normally proceed by 

5-exo-substitution (reaction 1), yielding a tetrahydrofuran product. However, if the oxirane has an unsaturated substituent 

(vinyl or phenyl), the acid-catalyzed opening occurs at the allylic (or benzylic) carbon (reaction 2) in a 6-endo fashion. The 

π-electron system of the substituent assists development of positive charge at the adjacent oxirane carbon, directing 

nucleophilic attack to that site. 

FOUR-MEMBERED RINGS 

Preparation 

Many methods of preparing four-membered heterocyclic compounds are shown in the following diagram. The 

simple procedure of treating a 3-halo alcohol, thiol or amine with base is generally effective, but the yields are often 

mediocre. In the case of example 1, cyclization to an oxirane competes with thietane formation, but the greater 

nucleophilicity of sulfur dominates, especially if a weak base is used. In example 2 both aziridine and azetidine formation 

are possible, but only the former is observed. This is a good example of the kinetic advantage of three-membered ring 

formation. Indeed, the exceptional yield of this product is attributed to the gem-dimethyl substitution, the Thorpe-Ingold 

effect, which is believed to favor coiled chain conformations. The relatively rigid configuration of the substrate in example 

3, favors oxetane formation and prevents an oxirane cyclization from occurring. Finally, the Paterno-

Buchiphotocyclizations in examples 5 and 6 are particularly suited to oxetane formation.  
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Figure 5 

Dr. Nagham described reaction of oxazepine with hydrazine to result 3- phenyl -4- (4- methyl benzene ) -1,2 -4- 

triazocine -5, 8 –dione , which reacted with oxalic acid to produce 3- phenyl 1-4- (4-methyl phenyl )-1, 2- bicycle 

(diazetidine -3,4 –dione )-1,2,4- triazocine -5,8- dione as a four-membered ring : 

 

Figure 6 

Reactions 

Reactions of four-membered heterocycles also show the influence of ring strain. Some examples are given in the 

following diagram. Acid-catalysis is a common feature of many ring-opening reactions, as shown by examples 1, 2 & 3a. 

In the thietane reaction (2), the sulfur undergoes electrophilic chlorination to form a chlorosulfonium intermediate followed 

by a ring-opening chloride ion substitution. Strong nucleophiles will also open the strained ether, as shown by reaction 3b. 

Cleavage reactions of β-lactones may take place either by acid-catalyzed acyl exchange, as in 4a, or by alkyl-O rupture by 

nucleophiles, as in 4b. Example 5 is an interesting case of intramolecular rearrangement to an ortho-ester. Finally, the β-

lactam cleavage of penicillin G (reaction 6) testifies to the enhanced acylating reactivity of this fused ring system. Most 

amides are extremely unreactive acylation reagents, thanks to stabilization by p-π resonance. Such electron pair 

delocalization is diminished in the penicillins, leaving the nitrogen with a pyramidal configuration and the carbonyl 

function more reactive toward nucleophiles. 
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Figure 7 

FIVE-MEMBERED RINGS 

Preparation 

Some of heterocyclic compounds prepared from aldehydes derivatives and from diels-Alder  

 

Figure 8 

And from sigmatropic rearrangement 

Reactions 

More examples 

 

Figure9 

Or from electrophile addition, followed by a proton loss from the "onium" intermediate 
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Figure 10 

 

Figure 11 

 

Examples : ortho- para and meta-directing character 

 

Figure 12 

Diels-Alder Cycloaddition Reactions 
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Figure 13 

Six-Membered Rings 

 

Figure 14 

Other examples for mono and bi cycle from pyridine 

 

Figure 15 

Electrophilic Substitution of Pyridine 

 

Figure 16 
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The fused ring heterocyclesquinoline and isoquinoline provide additional evidence for the stability of the pyridine 

ring. Vigorous permanganate oxidation of quinoline results in predominant attack on the benzene ring; isoquinoline yields 

products from cleavage of both rings. Note that naphthalene is oxidized to phthalic acid in a similar manner. By contrast, 

the heterocyclic ring in both compounds undergoes preferential catalytic hydrogenation to yield tetrahydroproducts. 

Electrophilic nitration, halogenation and sulfonation generally take place at C-5 and C-8 of the benzene ring, in agreement 

with the preceding description of similar pyridine reactions and the kinetically favored substitution of naphthalene at C-1 

(α) rather than C-2 (β). 

 

Figure 17 

Other Reactions of Pyridine 

Thanks to the nitrogen in the ring, pyridine compounds undergo nucleophilic substitution reactions more easily 

than equivalent benzene derivatives. In the following diagram, reaction 1 illustrates displacement of a 2-chloro substituent 

by ethoxide anion. The addition-elimination mechanism shown for this reaction is helped by nitrogen's ability to support a 

negative charge. A similar intermediate may be written for substitution of a 4-halopyridine, but substitution at the 3-

position is prohibited by the the failure to create an intermediate of this kind. The two Chichibabinaminations in reactions 2 

and 3 are remarkable in that the leaving anion is hydride (or an equivalent). Hydrogen is often evolved in the course of 

these reactions. In accord with this mechanism, quinoline is aminated at both C-2 and C-4. 

Addition of strong nucleophiles to N-oxide derivatives of pyridine proceed more rapidly than to pyridine itself, as 

demonstrated by reactions 4 and 5. The dihydro-pyridine intermediate easily loses water or its equivalent by elimination of 

the –OM substituent on nitrogen.  
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Figure 19 

The pyridine ring (and to a greater degree the N-oxide ring) can support a negative charge, alkyl substituents in 

the 2- and 4-locations are activated in the same fashion as by a carbonyl group. Reactions 6 and 7 show alkylation and 

condensation reactions resulting from this activation. Reaction 8 is an example of N-alkylpyridone formation by hydroxide 

addition to an N-alkyl pyridiniumcation, followed by mild oxidation. Birch reduction converts pyridines to 

dihydropyridines that are bis-enamines and may be hydrolyzed to 1,5-dicarbonyl compounds. Pyridinium salts undergo a 

one electron transfer to generate remarkably stable free radicals. The example shown in reaction 9 is a stable (in the 

absence of oxygen), distillable green liquid. Although 3-halopyridines do not undergo addition-elimination substitution 

reactions as do their 2- and 4-isomers, the strong base sodium amide effects amination by way of a pyridyne intermediate. 

This is illustrated by reaction 10. It is interesting that 3-pyridyne is formed in preference to 2-pyridyne. The latter is formed 

if C-4 is occupied by an alkyl substituent. The pyridyne intermediate is similar to benzyne.  

Porphyrin is an important cyclic tertrapyrrole that is the core structure of heme and chlorophyll. 

 

Figure 20 

Examples of common methylated purines will be drawn above by clicking on the diagram. Caffeine, the best 

known of these, is a bitter, crystalline alkaloid. It is found in varying quantities, along with additional alkaloids such as the 

cardiac stimulants theophylline and theobromine in the beans, leaves, and fruit of certain plants. Drinks containing 

caffeine, such as coffee, tea and some soft drinks are arguably the world's most widely consumed beverages. Caffeine is a 

central nervous system stimulant, serving to ward off drowsiness and restore alertness. Paraxantheine is the chief 

metabolite of caffeine in the body. Sulfur heterocycles are found in nature, but to a lesser degree than their nitrogen and 

oxygen analogs. Two members of the B-vitamin complex, biotin and thiamine, incorporate such heterocyclic moieties. 

These are shown together with other heterocyclic B-vitamins in the following diagram. 
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Figure 21 

 

 

Figure 22 
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