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ABSTRACT 

 

Since ithe iheterocyclic iatom imust iform imore ithan ione ibond iin iorder ito ibe iincorporated iinto ia iring 

istructure, ihalogens ido inot iform iheterocyclic icompounds ialthough ithey imay ibe isubstituent’s ion ia 

iheterocyclic iring istructure. iHeterocyclic icompounds, ias ipolycyclic iring icompounds, iare igenerally iknown iby 

inon-deliberate inames. iThere iare inumerous isorts iand ian ienormous inumber iof iheterocyclic icompounds 

igenerally icirculated iin inature. iNumerous iregular iheterocyclic icompounds iin icreatures iand iplants iassume ia 

isignificant iphysiological ijob iin ithe ibody. iFor iinstance, iheterocyclic istructure iexists iin ichlorophyll iin 

iplants, ihemoglobin iin icreature iblood, ialkaloids iand iglycosides ias ithe idynamic ifixing iin iherbs, ia ifew ianti-

microbials iand inutrients, icertain ipiece iof iamino iacids iin iprotein iand ibases iin inucleotide. iAbout iportion iof 

ithe icurrent imeds ihave iheterocyclic istructures. iIn ithis iway, iheterocyclic icompounds iassume ia isignificant 

ijob iin inatural icompounds iparticularly iin inatural imedications. 
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INTRODUCTION 

 

A iheterocyclic icompound ior iring istructure iis ia icyclic icompound ithat ihas iatoms iof iat ileast itwo idifferent 

ielements ias imembers iof iits iring(s). iHeterocyclic ichemistry iis ithe ibranch iof iorganic ichemistry idealing iwith ithe 

isynthesis, iproperties, iand iapplications iof ithese iheterocycles. iExamples iof iheterocyclic icompounds iinclude iall iof 

ithe inucleic iacids, ithe imajority iof idrugs, imost ibiomass i(cellulose iand irelated imaterials), iand imany inatural iand 

isynthetic idyes. i59% iof iUS iFDA-approved idrugs icontain initrogen iheterocycles i[1]. 

 
Usually ithey iare iindicated ias icounterparts iof icarbocyclic icompounds, iwhich ihave ionly iring iatoms ifrom ithe isame 

ielement. iAnother iclassical ireference ibook, ithe iEncyclopedia iBritannica, iportrays ia iheterocyclic icompound, 

iadditionally icalled ia iheterocycle, ias: iAny iof ia iclass iof inatural iaggravates iwhose iparticles icontain iat ileast ione 

irings iof imolecules iwith iin iany ievent ione iiota i(the iheteroatom) ibeing ia icomponent iother ithan icarbon, imost 

iregularly ioxygen, initrogen, ior isulfur i[2]. iAlbeit iheterocyclic icompounds imight ibe iinorganic, imost icontain iinside 

ithe iring istructure iat iany irate ione iiota iof icarbon, iand iat ileast ione icomponents, ifor iexample, isulfur, ioxygen, ior 

initrogen i[3]. iSince inon-carbons iare itypically iconsidered ito ihave isupplanted icarbon imolecules, ithey iare icalled 

iheteroatoms. iThe istructures imay icomprise iof ieither isweet-smelling ior inon-sweet-smelling irings. iHeterocyclic 

iscience iis ithe ipart iof iscience imanaging ithe iunion, iproperties, iand iuses iof iheterocycles. iHeterocyclic 

isubordinates, iseen ias ia igathering, ican ibe iisolated iinto itwo iwide iregions: ifragrant iand inon-sweet-smelling. iIn 

iFigure i1, ifive-membered irings iare iappeared iin ithe iprimary iline, iand ithe isubsidiary i1 irelates ito ithe isweet-
smelling isubordinate, ifuran, iwhile itetrahydrofuran i(2), idihydrofuran-2-one i(3), iand idihydrofuran-2,5-dione i(4) iare 

inot ifragrant, iand itheir ireactivity iwould ibe isimilar ito ithat inormal iof ian iether, ian iester, ior ia icarboxylic 

ianhydride, iseparately. iThe isubsequent icolumn ishows isix-membered irings, iat ifirst iin ia ifragrant istructure ias 

ipyridine i(5), iwhile ipiperidine i(6), ipiperidin-2-one i(7), iand i1,2,3,4-tetrahydropyridine i(8) iare inot isweet-smelling; 

itheir ireactivity iwould inot ibe ialtogether idifferent ifrom ithat inormal iof ian iamine, iamide, ior ienamine, iseparately. 

iBy iand ilarge, ithe ireactivity iof ifragrant iheterocycles, iwhich iis ia icompound iof ithat inormal ifrom ia isweet-
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smelling iframework ijoined iwith ithe iimpact iof ithe iheteroatoms iincluded, iis itypically iincreasingly iperplexing, 

iwhile ithe ireactivity iof ithe inon-sweet-smelling iframeworks iisn't iexcessively inot iquite ithe isame ias ithe istandard 

inon-cyclic isubordinates. iAlong ithese ilines, imost ibooks ion iheterocyclic iscience iare ifor ithe imost ipart idedicated 

ito ithe ireactivity iof ifragrant icompounds i[4]. 

 
 

Figure i1: iExamples iof iheterocyclic icompounds. 

 

Table i1 iindicate imodels iof ithe iheterocyclic iderivatives idescribed iin ithese ivolumes. iTable i1. ishows isimple 

iheterocyclic isystems iof ithree ior ifour imembers. iIn ithis icase, ithe iliterature iexamples iare imainly inon-aromatic, ias 

iindicated iin ithe itable, iand ithe iexpected ireactivity iis ialways irelated ito ithe iring istrain ipresent iin iall iof ithem, 

iwhich iproduces ia irelease iof ienergy iwhen ithey iare iopened ito igive ialiphatic iproducts i[5]. 

 

Table i1: iMain ithree iand ifour-membered iheterocycles 
 

 
 

 

BASIC iLITERATURE iON iHETEROCYCLIC iCOMPOUNDS 

 

To iintroduce ithe irecent iliterature iin iheterocyclic ichemistry, iit iis inecessary ito iindicate, iamong ithe itextbooks 

iavailable i[6], itwo iof ithem: ione i[3] ifrom iEicher iand iHauptmann iwith ia ihighly istructured iorganization, iwhich iis 

isimple iand iefficient iand ican ibe iused ias ithe ibasis iof ia iheterocyclic icourse. iThe iother i[4], ifrom iJoule iand 

iMills, iconsolidates ithe idense iconfiguration iwith ibroad idata iabout ithe ifundamental iheterocycles iconsidered. iAs 

ireference ibooks, iit iis iimportant ito irefer ito ithe iassortment iComprehensive iHeterocyclic iChemistry ifrom iKatritzky 

iand ipartners i[7]; ithis iis irelated iwith ithe iHandbook iof iHeterocyclic iChemistry i, iwhich iis iconsistently irefreshed 

iwith ithe iComprehensive iversion. iHeterocyclic iarrangement iare ilikewise iof iincredible ienthusiasm, iturning iout ito 
ibe iintelligible iassortments ithat ipermit ian iupdate iof ithe iwriting iin ithe ifield. iProgress iin iHeterocyclic iChemistry 

i[8] idepicts igenerally ithe iadvances iin ieach ipertinent ifield iof iheterocyclic iscience iin ia iyearly ivolume.  

The iarrangement iof imonographs iAdvances iin iHeterocyclic iChemistry i, iwhich icomprises iof i101 ivolumes ito idate, 

icovers iinside iand iout itotally idifferent isubjects iin ithe ifield. iOther ilate imonographs iare iof ienthusiasm ifor 
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idifferent isubjects ion ithe ifield, ia igreat iguide icalled iName iReactions iin iHeterocyclic iChemistry ihas ibeen igiven 

iby iLi iand ithe imonograph iAromaticity iin iHeterocyclic iCompounds iis ilikewise ia idecent iessential iassistance ifor 

iheterocyclic iscientific iexperts, isimilar ito ithe iSynthesis iof iHeterocycles iby imeans iof iMulticomponent iReactions 

i[9]. iOther iongoing imonographs ihave ifocused ion imanufactured isystems, ifor iexample, ipalladium iscience, iscience 

iof iheterocyclic icarbenes, ior iblend iwith imicrowaves. iMoreover, ian iongoing imonograph ion igeneral iheterocyclic 

iscience istresses ithe isignificance iof iheterocyclic icompounds iin ithe ifield iof irestorative iscience iand inormal iitems 
i[10]. 

 

 

MAJOR iCLASSES iOF iHETEROCYCLIC iCOMPOUNDS 

 

The imajor iclasses iof iheterocycles icontaining ithe icommon iheteroatoms—nitrogen, ioxygen, iand isulfur—are 

ireviewed iin iorder iof iincreasing iring isize, iwith icompounds icontaining iother iheteroatoms ileft ito ia ifinal isection. 

iArrangement iby iring isize iis ihelpful ion ithe igrounds ithat iheterocyclic irings iof ia igiven isize ihave inumerous ibasic 

ihighlights. iFor iheterocyclic i(with irespect ito icarbocyclic) irings, icertain iwide ispeculations ican ibe imade. iThree-and 

ifour-membered irings, ion iaccount iof itheir ilittle isize, iare igeometrically istressed iand ialong ithese ilines ipromptly 

iopened; ithey iare ilikewise ipromptly ishaped. iSuch iheterocycles iare inotable ireceptive iintermediates. iFive-and isix-

membered irings iare ipromptly iframed iand iare itruly isteady; itheir isizes iadditionally ipermit ithe iimprovement iof 
isweet-smelling icharacter. iSeven-membered irings iand ibigger iare isteady ihowever iless ipromptly ishaped iand 

igenerally iless ivery imuch iexplored i[11]. 

 

Three-membered irings 

 

The ithree-membered iring iheterocycles icontaining isingle iatoms iof initrogen, ioxygen, iand isulfur—aziridine, ioxirane 

i(or iethylene ioxide), iand ithiirane, irespectively—and itheir iderivatives ican iall ibe iprepared iby inucleophilic 

ireactions, iof ithe itype ishown. iThus, iaziridine iis iformed iby iheating iβ-aminoethyl ihydrogen isulfate iwith ia ibase 

i(in ithis icase iY iis i―OSO3H) i[12]. 

 
 

A ireaction iof ithis itype iis iinvolved iin ithe ipharmacological iaction iof initrogen imustards, iwhich iwere iamong ithe 

ifirst ianticancer idrugs ideveloped i(see idrug: iCancer ichemotherapy). iIntramolecular iring iclosure, ias iin ithe icase iof 

ithe ianticancer iagent imechlorethamine, iproduces ian iintermediate iaziridinium iion, ithe ibiologically iactive iagent, 

iwhich iattacks irapidly iproliferating icells isuch ias icancer icells iby iinhibiting ireplication iof itheir iDNA 

i(deoxyribonucleic iacid). iNitrogen imustards ilinked ito isteroids ialso ihave ibeen iused ias ianticancer iagents i[13]. 

 

Four-membered irings 

 

Azetidine, ioxetane, iand ithietane—four-membered irings icontaining, irespectively, ione initrogen, ioxygen, ior isulfur 

iatom—are iprepared iby inucleophilic idisplacement ireactions isimilar ito ithose iused ito iprepare ithe icorresponding 

ithree-membered irings i[14]. 
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(In ithe ireaction iabove, iY iis inormally iCl, iBr, ior iSO3H.) iWith ifour-membered irings, iin iany icase, ithe ireactions 

icontinue iless ipromptly ithan ido ithe ipractically iequivalent ito ireactions ifor ithree-membered irings. iThe iring-

opening ireactions iof ifour-membered iheterocycles itake iafter isubjectively ithose iof ithe icomparing ithree-membered 

irings, ihowever ithey ihappen irather iless ipromptly i[15]. i 

 

The imost isignificant iheterocycles iwith ifour-membered irings iare itwo irelated iarrangement iof ianti-toxins, ithe 
ipenicillins iand ithe icephalosporins. iBoth iarrangement icontain ithe iazetidinone iring i(the iaddition i- ione 

idemonstrating ian ioxygen imolecule iconnected iwith ia itwofold icling ito ia iring icarbon iparticle) i[16]. iAnother 

iregular iname ifor ithe iazetidinone iring iis ithe iβ-lactam iring, iwhich iloans iits iname ito ithe iβ-lactam ianti-infection 

iagents, ithe iclass ito iwhich ithe ipenicillins iand icephalosporins ihave ia iplace. iThe iscience iof iazetidinones iwas 

iinvestigated ialtogether iduring ithe iescalated iexamination iinto ipenicillin istructure iand iblend ithat ioccurred iduring 

iWorld iWar iII. iA ihandy iunion iof ipenicillin iwas inot iaccomplished, inotwithstanding, iuntil i1959 i[17]. 

 

Five-membered irings iwith ione iheteroatom 

 

The iparent iaromatic icompounds iof ithis ifamily—pyrrole, ifuran, iand ithiophene—have ithe istructures ishown i[18]. 

 

 
 

The isaturated iderivatives iare icalled ipyrrolidine, itetrahydrofuran, iand ithiophane, irespectively. iThe ibicyclic 

icompounds imade iof ia ipyrrole, ifuran, ior ithiophene iring iintertwined ito ia ibenzene iring iare icalled iindole i(or 

iisoindole), ibenzofuran, iand ibenzothiophene, iindividually i[19]. i 

 

As ireferenced iin ithe istarting isegment, ithe initrogen iheterocycle ipyrrole ihappens iin ibone ioil, iin iwhich iit iis 
ishaped iby ithe idecay iof iproteins iupon isolid iwarming. iPyrrole irings iare ifound iin ithe iamino iacids iproline iand 

ihydroxyproline, iwhich iare isegments iof inumerous iproteins iand iwhich iare iavailable iin iespecially ihigh ifixations iin 

icollagen, ithe iauxiliary iprotein iof ibones, iligaments, itendons, iand iskin i[20]. i 

 

Pyrrole isubsidiaries iare ibroad iin ithe iliving iscene. iPyrrole icompounds iare ifound iamong ithe ialkaloids, ian 

ienormous iclass iof ibasic inatural initrogen icompounds icreated ifundamentally iby iplants. iNicotine iis ithe imost 

ipopular ipyrrole-containing ialkaloid. iThe iheme igathering iof ithe ioxygen-conveying iprotein ihemoglobin iand iof 

irelated icompounds, ifor iexample, imyoglobin; ithe ichlorophylls, iwhich iare ithe ilight-get-together ishades iof igreen 

iplants iand iother iphotosynthetic ilife iforms; iand inutrient iB12 iare itotally iframed ifrom ifour ipyrrole iunits 

iparticipated iin ia ibigger iring iframework iknown ias ia iporphyrin, ifor iexample, ithat iof ichlorophyll ib i[21]. 

 

Six-membered irings iwith ione iheteroatom 

 

The inomenclature iused ifor ithe ivarious imonocyclic initrogen-containing isix-membered iring icompounds iis igiven 

ibelow. iPositions ion ithe iring iare ishown ifor ipyridine, iArabic inumerals ibeing ipreferred ito iGreek iletters, ialthough 

iboth isystems iare iused. iThe ipyridones iare iaromatic icompounds ibecause iof icontributions ito ithe iresonance ihybrid 

ifrom icharged iresonance iforms isuch ias ithat ishown ifor i4-pyridone i[22]. 

 

Mono-, idi-, iand itrimethylpyridines—that iis, ipyridines iwith ione, itwo, ior ithree iattached imethyl igroups, 

irespectively—are icalled ipicolines, ilutidines, iand icollidines, irespectively, iwith ithe iposition iof ithe imethyl igroups 

idenoted iby inumbers—e.g., i2,4,6-collidine. iPyridine-2-, i-3-, iand i-4-carboxylic iacids ialso ihave iwidely iused itrivial 

inames: ipicolinic, inicotinic i(derived ifrom inicotine, iof iwhich iit iis ian ioxidation iproduct), iand iisonicotinic iacid, 

irespectively. iPyridine iitself iand ithe ipicolines, ilutidines, iand icollidines ioccur iin icoal itar iand ibone ioil. iPyridine 
iderivatives iare ialso iof igreat ibiological iimportance. iFor iexample, inicotinic iacid iis imore icommonly iknown ias ithe 

iB-complex ivitamin iniacin; ia inutritionally iequivalent iform iof iniacin iis inicotinamide, ior iniacinamide. iPyridoxine 

iis ianother imember iof ithe iB icomplex, ivitamin iB6. 
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Two icoenzymes iinvolved iin imany iimportant imetabolic ireactions iin iliving icells, inicotinamide iadenine idinucleotide 

i(NAD, ialso icalled icoenzyme iI) iand inicotine iadenine idinucleotide iphosphate i(NADP, icoenzyme iII), iare iderived 

ifrom inicotinamide, iand ithe icoenzyme ipyridoxal iphosphate i(codecarboxylase) iis ia iphysiologically iactive iform iof 

ipyridoxine. iMany ialkaloids icontain ia ipyridine ior ipiperidine iring istructure, iamong ithem inicotine i(mentioned iin 

ithe iprevious isection ifor iits ipyrrole iring) iand ipiperine i(one iof ithe isharp-tasting iconstituents iof iwhite iand iblack 

ipepper, ifrom ithe iplant ispecies iPiper inigrum), iwith ithe istructures ishown i[24]. 

Five- iand isix-membered irings iwith itwo ior imore iheteroatoms 

 

The inames iand inumbering isystems ifor ithe ifive-membered iheteroaromatic irings iwith itwo iheteroatoms iare i[25]: 

 

 

 
 

https://cdn.britannica.com/37/7437-004-F305AFBB/yellow-Anthrapyrimidine-blue-anthraquinone-dyes-examples.jpg
https://cdn.britannica.com/37/7437-004-F305AFBB/yellow-Anthrapyrimidine-blue-anthraquinone-dyes-examples.jpg
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Anthrapyrimidine iyellow, iflavanthrone iyellow, iindanthrone iblue-reddish, iand iindanthrone iblue iare iexamples iof 

iheterocyclic ianthraquinone idyes.Encyclopædia iBritannica, iInc. 

 

Few ipyrazoles ioccur inaturally; ithe icompounds iof ithis iclass iare iusually iprepared iby ithe ireaction iof ihydrazines 

iwith i1,3-diketones. iMany isynthetic ipyrazole icompounds iare iof iimportance ias idyes iand imedicinals. iAmong ithem 

iare ithe ifever-reducing ianalgesic iaminopyrine, ithe ianti-inflammatory idrug iphenylbutazone, iused iin itreating 

iarthritis, ithe iyellow ifood icolour iand ifibre idye itartrazine, iand ia iseries iof idyes iused ias isensitizing iagents iin 

icolour iphotography i[26]. 

 

A ibenzimidazole iunit ioccurs iin ivitamin iB12. iBenzothiazole iderivatives iare iused ifor iaccelerating ithe ivulcanization 

iof irubber i(2-mercaptobenzothiazole), ias iherbicides i(benazolin, imefenacet), iand ias ifungicides iand iantihelminthic 

idrugs i(thiabendazole). 

 
The ithree imonocyclic idiazines—six-membered iring icompounds iwith itwo initrogen iheteroatoms—are inamed iand 

inumbered ias ishown. 

 

The ipyridazine iderivative imaleic ihydrazide iis ia iherbicide, iand isome ipyrazines ioccur inaturally—the iantibiotic 

iaspergillic iacid, ifor iexample. iThe istructures iof ithe iaforementioned icompounds iare i[27]: 

 

The ipyrazine iring iis ia icomponent iof imany ipolycyclic icompounds iof ibiological ior iindustrial isignificance. 

iImportant imembers iof ithe ipyrazine ifamily iinclude ipteridines, ialloxazines, iand iphenazines, iwhich iare idiscussed 

ibelow iin ithis isection. 
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Rings iwith iseven ior imore imembers 

 

As ithe isize iof ithe iring iincreases, ithe irange iof icompounds ithat ican ibe iobtained iby ivarying ithe inumber, itype, 

iand ilocation iof ithe iheteroatoms iincreases ienormously. iNevertheless, ithe ichemistry iof iheterocyclic icompounds 

iwith irings iseven-membered ior ilarger iis imuch iless ideveloped ithan ithat iof ifive- iand isix-membered iring 

iheterocycles, ialthough ithese icompounds iare iusually istable iand isome iof ithem ihave ifound ipractical iapplication. 
iOf ithe iseven-membered iring icompounds, ione-heteroatom iheterocycles—azepines, ioxepines, iand ithiepines—and 

itheir iderivatives iare ithe imost icomprehensively istudied i[28]. 

 

The iincrease iin iring isize iconstrains ithese icompounds ito ibe inonplanar iin iorder ito ilessen ithe iring istrain. 

iNonplanarity, ihowever, iaffects iaromaticity, iso ithese iheterocycles irespond ias icyclic ipolyenes i(compounds iwith 

inoninteracting, isubstituting isingle iand itwofold ibonds). iAzepine iand ioxepine irings iare isignificant iconstituents iof 

ivarious inormally ihappening ialkaloids iand imetabolic iresults iof imarine ilife iforms. iThe iazepine isubsidiary 

icaprolactam iis idelivered iindustrially iin imass ifor iuse ias ia imiddle iof ithe iroad iin ithe iassembling iof inylon-6 iand 

iunderway iof imovies, icoatings, iand imanufactured icalfskin. iSeven-membered iheterocycles iwith ia icouple iof 

initrogen iparticles iin ithe iring iare ibasic iunits iof igenerally iutilized ipsychopharmaceuticals, ifor iexample, 

iimipramine i(exchange iname iPrazepine)— ithe ifirst iof ithe itricyclic iantidepressants—and ithe isedative idiazepam 

i(exchange iname iValium) i[29]. i 
 

Of ithe ibigger iring iheterocycles, ithe imost isignificant iare ithe icrown iethers, iwhich icontain iat ileast ione 

iheterocyclic irings iincluding iat ileast i12 iring iparticles iand iincluding ivarious idifferent iheteroatoms, itypically 

initrogen, ioxygen, ior isulfur. iThe iheteroatoms iare inormally iisolated iby itwo-carbon ior ithree-carbon iunits i(ethylene 

ior ipropylene iunits, iseparately). iThe imain icrown iether, idibenzo-18-crown-6, iwas iintegrated iin i1960 i[30]. 

 

CONCLUSIONS 

 

Compounds iclassified ias iheterocyclic iprobably iconstitute ithe ilargest iand imost ivaried ifamily iof iorganic 

icompounds. iAfter iall, ievery icarbocyclic icompound, iregardless iof istructure iand ifunctionality, imay iin iprinciple ibe 

iconverted iinto ia icollection iof iheterocyclic ianalogs iby ireplacing ione ior imore iof ithe iring icarbon iatoms iwith ia 
idifferent ielement. iEven iif iwe irestrict iour iconsideration ito ioxygen, initrogen iand isulfur i(the imost icommon 

iheterocyclic ielements), ithe ipermutations iand icombinations iof isuch ia ireplacement iare inumerous. iAccording ito ithe 

iform iof ithe iring iin ithe imolecule, iheterocyclic icompounds ican ibe idivided iinto isingle-heterocyclic icompounds 

iand ifused iheterocyclic icompounds. 

 

REFERENCES 

 

[1] Edon iVitaku, iDavid iT. iSmith, iJon iT. iNjardarson i(2014). i"Analysis iof ithe iStructural iDiversity, iSubstitution 

iPatterns, iand iFrequency iof iNitrogen iHeterocycles iamong iU.S. iFDA iApproved iPharmaceuticals". iJ. iMed. 

iChem. i57: i10257-10274. idoi:10.1021/jm501100b. iPMID i25255204. 

[2] Katritzky, iA.R. iand iRees, iC.W. i(eds) i(1984) iComprehensive iHeterocyclic iChemistry iI, iPergamon iPress, 

iOxford. 
[3] Jump iup ito:a ib iThomas iL. iGilchrist i"Heterocyclic iChemistry" i3rd ied. iAddison iWesley: iEssex, iEngland, 

i1997. i414 ipp. iISBN i0-582-27843-0. 

[4] "Stibinin". ichemspider. iRoyal iSociety iof iChemistry. iRetrieved i11 iJune i2018. 

[5] "IPEXL.com iMultilingual iPatent iSearch, iPatent iRanking". iwww.ipexl.com. 

[6] Nylund, iK., iJohansson, iP., iPuterova, iZ., iand iKrutosikova, iA. i(2010) iHeterocyclic iCompounds: iSynthesis, 

iProperties iand iApplications, iNova iScience iPublishers, iHauppauge, iNew iYork. 

[7] "Bismin". iChemSpider. iRoyal iSociety iof iChemistry. iRetrieved i11 iJune i2018. 

[8] Campaigne, iE. i(1986). i"Adrien iAlbert iand ithe irationalization iof iheterocyclic ichemistry". iJournal iof 

iChemical iEducation. i63 i(10): i860. idoi:10.1021/ed063p860. 

[9] Encyclopædia iBritannica, iEncyclopædia iBritannica iOnline. iThe iofficial iwebsite: iheterocyclic icompound 

ihttp://www. ibritannica.com i(accessed ion). 
[10] Nylund, iK., iJohansson, iP., iPuterova, iZ., iand iKrutosikova, iA. i(2010) iHeterocyclic iCompounds: iSynthesis, 

iProperties iand iApplications, iNova iScience iPublishers, iHauppauge, iNew iYork. 

[11] Sundaraganesan iS, iIlakiamani iS, iAnand iB, iSaleem iH iand iJoshua iB iD; iSpectrochim iActa iA, i64 i(2006) 

i586. 

[12] Singh iV iB; iSpectrochim iActa iA, i65 i(2006) i1125. 



International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 6 Issue 7, July-2017, Impact Factor: 4.059 

 

Page | 106  

 

[13] Dimitrova iY iand iDaskalova iL iI; iJ iMol iStruct i(Theochem), i823 i(2007) i65. 

[14] Sundaraganesan iN, iAyyappan iS, iUmamaheswari iH iand iJoshua iB iD, iSpectrochim iActa iA, i66 i(2007) i17. 

[15] Sundaraganesan iN, iAnand iB, iMeganathan iB iand iJoshua iD; iSpectrochim iActa iA, i68 i(2007) i561. 

[16] Doddamani iS iB, iRamoji iA, iYenagi iJ iand iTonannavar iJ; iSpectrochim iActa iA, i67 i(2007) i150. 

[17] Dimitrova iY iand iDaskalova iL iI; iSpectrochim iActa iA, i66 i(2007) i467. 

[18] Cardoso iC, iPereira iSilva iP iS, iSilva iM iR iand iBeja iA. iM; iJ iMol iStruct, i878 i(2008) i169. 
[19] Karabacak iM, iKaragoz iD iand iKurt iM; iJ iMol iStruct, i892 i(2008) i25. 

[20] Nori-Shargh iD iand iYahyaei; iJ iMol iStruct i(Theochem), i913 i(2009) i8. 

[21] Kavitha iE, iSundaragansan iN iand iSebastian iS; iIndian iJ iPure iand iApplied iPhys, i48 i(2010) i20. 

[22] Nycz iJ iE, iMaleki iG, iMorag iM, iNowak iG, iPoikiewski iL, iKusz iJ iand iSwitlicka iA; iJ iMol iStruct, i980 

i(2010). 

[23] Machura iB, iSwitlicka iA, iNawrot iI iand iMichalik iK; iInorg iChem iCommun, i13 i(2010) i1317.48 

[24] Ramalingam iS, iPeriandy iS, iGovindarajan iM iand iMohan iS; iSpectrochim iActa iA, i75 i(2010) i1308. 

[25] Parimala iK iand iBalachandran iV; iSpectrochim iActa iA, i81 i(2011) i711. 

[26] Sadasivan iK iand iKumaresan iR; iMol iPhys, i109 i(6) i(2011) i839. 

[27] Karkas iD iand iSayin iK; iIndian iJ iChem iSect iA, i52A i(4) i(2013) i480. 

[28] Espinoza-Hicks iJ iC, iCamcho-Davila iA iA, iFlores-Holguin iN iR, iNevarez-Moorillon iG iV, iGlossman-Mitnik 

iD iand i iRodriguez-Valdez iL iM; iChem iCent iJ, i7 i(17) i(2013) idoi: i1186/1752-153-7-17. 
[29] Ru-Zhou iZ, iXio-Hong iL iand iXian-Zhou iZ; iIndian iJ iPure iand iAppl iPhys,51 i(2013) i319. 

[30] Srivastava iS iK iand iSingh iV iB; iSpectrochim iActa iA, i115 i(2013) i45 


