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Abstract 
 

Nitrogen heterocycles have played an important role in different industrial sectors.Porphyrins the macrocyclic compounds containing 

pyrrole rings provide an extremely versatile platform with desired peripheral functionality and metal complexes to form the self as-

sembly under varying reaction conditions. Haemoglobin an iron complex is responsible for binding molecular oxygen and transport-

ing it to different sites. Mechanistically interesting N-heterocycles, Arylidene-1,3-indandione adducts (6) and (7) synthesized fre-

quently are of immense pharmaceutical importance showing fungicidal and bactericidal activities. Nitrogen heteroatom phthalimide 

derivatives(8),(9) and (10) have been evaluated as possible potential prodrugs. A wide range of Nitrogen heterocycles have been 

synthesized for every imaginable use in dye and polymer industries. 
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1. Introduction 

Heterocycles form the largest class of organic compounds.These 

are cyclic compounds with the ring containing carbon and at least 

one different atom like nitrogen,oxygen,sulphur etc.They are very 

widely distributed in nature with a variety of physiological activi-

ties associated with them .A great deal of research has been car-

ried out to synthesize new heterocyclic compounds of medicinal 

and industrial importance.Thermolysis of triazolines ( 1a;NR2= 

morpholino) , yields a mixture of elimination products (1b) and 

the thiophene (1c;Pocar.D et,al 1977). Photochemical cycloaddi-

tion of 2,5-diphenyl-1,3,4-oxadiazole(1d) to 3-methyl benzothio-

phene results the formation of (Figure-2b) but in presence of io-

dine,the addition is reversed yielding the product (2c; Tashiro.M 

et.al 1977). 3H indole (2d) gets converted to the indole (3d) by 

intermolecular thermal rearrangement (Decodts.G et.al 1976)and 

the toluene p-sulphonyl hydrazone (1e) gets decomposed upon 

heating to indole quinone (2e; Abika.M.et.al 1977 and Takada.T 

et.al1977). 

Keeping in view it was thought better to exploit the importance of 

certain N-heterocycles in varying fields of industry. Plausible 

mechanism for the formation of different compounds has also 

been proposed in this article. 

2. Discussion 

Nitrogen heterocycles form an important category of heterocyclc 

compounds. Pyridine,Pyrrole,Indole,Quinoline and a range of 

other N-heterocycles have been found distributed in nature as well 

as synthesized by new methods.They can be monocyclic or in 

fused heterocyclic system. (Finar.I.L,1986 and Suschitz-

ky.H.et.al.1989). 
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These nitrogen heterocycles have played a significant role in biol-

ogy,medicine,industry and some other fields as well.Pyrrole a five 

membered monocyclic nitrogen containing heterocyclic com-

pound has tremendous applications in the field of biology.Pyrrole 

rings form the building blocks of several biologically important 

pigments. Porphyrins the macrocyclic compounds containing four 

pyrrole rings linked by one carbon bridges.The molecules have a 

conjugated system of 18π electrons as shown in the parent mole-

cule porphine(Figure-1). 

 

 
Fig. 1: Porphine. 

 

 
Fig. 1: (A) Iron Porphine Complex. 

 

Dueto large size,excellent thermal stability,ease of synthe-

sis,diversity of their coordination and catalytic chemistry (Ander-

son.H.L 1999, Loewe.J.S et.al 2002,Ogawa.K.et.al 2002, 

Seidel.S.R.et.al 2002 and Stang.P.J.et al 1997) porphyrins and 

metalloporphyrins have been found selectively an unexplored 

class of nanomaterials.Self assembly is an important technique in 

the synthesis of superstructures in biology,material science and 

chemistry.Lehn.J.M 1995, Whiteside.G.M.et.al 1995,. 

D.S.Lawrence .et.al 1995 and Philip .D 1996).Porphyrins provide 

an extremely versatile platform with desired peripheral functional-

ity and material complexes to form the self –assembly both in 

solution and solid state under different reaction conditions.The 

self assembly of porphyrin derivatives have been widely used in 

photoelectrical,photonic devices and as functional materi-

als.(Alessio.E.et.al 2002 ,Linton.B et.al 1997,Burrel.A.K et.al 

2000 and Susklie.K.S et.al.2000). 

Porphine itself does not occur in nature but analogous compounds 

with various side chains on pyrrole rings are some of the most 

important life sustaining compounds of nature.Heme(Figure-2),for 

instance,the iron complex responsible for the red colour of arterial 

blood is present in red blood cells as a complex with a protein 

called globin and the complex is called haemoglobin.This com-

plex is responsible for binding molecular oxygen and transporting 

it from lungs to all the cells of the body.The iron atom is com-

plexed with four porphyrin nitrogens and has also two additional 

coordination sites,above and below the plane of the porphyrin 

ring. 

 
Fig. 2: Heme. 

 

Chlorophyll,a magnesium complex of modified porphyrin is re-

sponsible for green colour of plants.This pigment is present in 

chloroplasts, one or more of which can be present in cells. 

Indole is an important member of fused nitrogen containing heter-

ocycles.The indole ring system prevalent in a number of important 

natural products,is usually biosynthesized from the amino acid 

tryptophan (Figure-3),one of the building blocks of proteins. 

Decarboxylation of tryptophan gives tryptamine(Figure-4).A 

number of compounds with this skeleton have a profound effect 

on brain and nervous system.Serotonin (Figure-5) is an example,a 

neurotransmitter active in the central nervous system. 

 

 
Fig. 3: Tryptophan. 

 

 
Fig. 4: Tryptamine. 

 

 
Fig. 5: Serotonin. 
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Nitrogen containing heterocycles play a vital role in the field of 

medicinal industry. Mechanistically interesting Arylidene-1, 3-

indandione adduct (Figure-6) synthesized from 2-arylidene-1, 3-

indandione and hydrazine followed by subsequent dehydration has 

been found to have bactericidal and fungicidal activity (Os-

man.S.A.M.et.al1988). 

 

 
Fig. 6: 

 

Exhaustive literature survey revealed that no mechanism for the 

formation of this compound has been discussed earlier,Therefore, 

the plausible mechanism proposed for the formation of (6) can be 

depicted as below.Scheme-1. 
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Scheme. 1:  

 

An important nitrogen containing tetracyclic compound (Figure-

7), of  immense pharmaceutical interest has also been synthesized 

from 2-arylidene-1,3-indandione with 2-aminothiazoles 

(Ablak;et.al 1992).  

 

 
Fig. 7:  

 

However, the compound is known but literature records no evi-

dence for its mechanism. Thus, the mechanism proposed for the 

formation of (7) can be explained on the basis that the amino 

group of 2-aminothiazole reacts with the electron deficient carbon 

of arylidene - 1, 3-Indandione followed by cyclization and subse-

quent loss of water forms the main product (7). Scheme-2.  
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Kinetic assessment of N-hydroxymethyl derivatives (Figure-8) of 

nitrogen heterocycles has been studied as possible prodrugs 

(Khan.M.N.1990) . 

 

 
Fig. 8: 

 

Some non-steroidal anti-inflamatory carboxylic acid drugs have 

been treated with N-hydroxymethyl phthalimide to get esters of 

the type (Figure-9) which have been evaluated as potential pro-

drugs with the aim of depressing the gastrotoxicity of parent 

drugs(Omar.A.F 1998). 

 

 
Fig. 9: 

 

Phthalimide derivatives (Figure-10) synthesized from phthalimide 

with hydrazones have been found as potent insecti-

cides.(Ebihara.K.et.al JP.08, 245, 585, [96,245,585]).  
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Fig. 10: 

 

Mechanistically the formation of (10) can be explained as be-

low.Scheme-3. 

 

 
Scheme 3: 

 

Phthalimides and their related 3-alkyl and 3-aryl methylene-2,3-

dihydro-1H isoindoline-1-ones have been found to play an im-

portant role In medicinal chemistry dueto a wide range of thera-

peutic applications (Kushwanta.N et.al 2016,Bhatia.R.K 

2017,Csende.F et.al 2005, Frlan.R et.al 2017 and Csende.F.et.al 

2012). 

4-aroyl-6-alkyl(aryl)-pyradazin-3 (2H)-one (Figure-Q),an im-

portant N-heterocycle leads to mechanistically interesting 

chemoselective synthesis of a wide range of products when inter-

acted with different substrates (Soliman .A.A et.al 1989).Scheme-

4.  

 
Scheme 4: 

 

Mechanistically the formation of (Figure-Xa) can be rationalized 

as below (Scheme-5). 

 

 
Scheme 5: 

 

Plausible mechanism proposed for the formation of (Xb) can be 

explained as below. Scheme-6. 

 

 
Scheme 6: 

 

Morphine (Figure-11), a nitrogen containing opium alkaloid is an 

analgesic that relieves pain without causing unconsciousness but 

has some serious side effects. It is addictive and can cause nausea, 

a decrease in blood pressure and depressed breathing rate.  

 

 
Fig. 11: 

 

Reserpine an important alkaloid of Rauwolfia species lowers the 

blood pressure and is used to calm schizophrenics and improve 

their accessibility to psychiatric treatment. Fentanyl (Figure-12), a 

nitrogen heterocycle is a very short acting drug about 100 times as 

potent as morphine.It is used as an anaesthetic in about 70% of 

surgigical procedures. 

 

 
Fig. 12: 
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2-aryl quinoline-4-amine (Figure-13)  is an important heterocyclic 

anti-immuno-virus-1-agent(Strekowski.L.et.al 1991,Zhao.M.et.al 

1994,Strekowski.L.et.al 1993 and Wilson.W.D.et.al 

1992).Detailed studies have revealed that quinoline derivative (13) 

and its active analogs bind with RNA which has been suggested 

responsible for antiviral activity. 

 

 
Fig. 13: 

 

A number of 1, 2, 4 triazole derivatives have been found biologi-

cally active and possess herbicidal,pesticidal,antimicrobial and 

fungicidal  activities.(Katrizky.A.R et.al 1984 and Pengfei.Xu.et.al 

1998) . 

 

 
Fig. : Triazole. 

 

Cocaine a nitrogen containing compound has been used as a local 

anaesthetic in different surgical procedures. Valium (Figure-14), a 

seven membered nitrogen heterocycle has been found medicinally 

important compound and is used as a mild tranquilizer. 

 

 
Fig. 14: 

 

N-heterocycles have found major applications in polymer and dye 

industrial sector as well. Tyrian purple (Figure-15), Mauveine A 

(Figure-16) and Blue Indigo (Figure-17) have been used to Impart 

color on fabrics. 

 

 
Fig. 15: Tyrian Purple. 

 

 
Fig. 16: Mauveine A. 

 

 
Fig. 17: Indigo. 

 

Indigo carmine (Figure-18), a nitrogen heterocycle is a dye used 

for coloring food.  

 

 
Fig. 18: Indigo Carmine. 

 

Melamine formaldehyde nitrogen containing polymer resins (Fig-

ure-19) have found a wide range of applications in polymer indus-

try. They are used in decorative domestic laminations on furni-

ture,counter surfaces and as adhesives. 
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Fig. 19: Cross Linked Melamine Resin. 

3. Conclusion 

Among the heterocyclic compounds, N-heterocycles are the most 

studied compounds for their wider applications. Due to the pres-

ence of various active sites, N-heterocycles have been easily con-

verted to their corresponding derivatives which can be used as 

substrates in a series of reactions with important industrial appli-

cations , when interacted with different reagents or other com-

pounds under varying conditions. Interesting mechanism proposed 

for the formation of certain compounds indicates the possible 

transformation of different substrates into a variety of products of 

significant industrial importance. 
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