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Hererocyctic Compounns

& Hﬂf;o(qch‘c mpounds  ure oergom'c (ompounds  that  Comtein @ afng.
stucture composed of at least one atom other than cabon within

the wing.
® Thece non- carbop atoms are called Heteoatoms und commonly include

Nitsogen , Oxygen 0 Sulfay-

(Lassieication  OF Heterocycuc  ComPpounos
They an be dosified en various basis at Rillows :
@ Based on Ring size
@ Bared en Rmmatiaty
@ Buwed on Number of oing.s
@ Baed on Hype OF Hetevoatom

VIDEOS : [} IMPERFECT PHARMACY



@ Basep On Rwe See

® Three membered Hefevoqyclic ~Compounds
® Four membered Hefevorycic (ompounds
® Fue membesed Hefesoyclic Compounds
® Six membesed Hetesogyclic Compounds
® Seven membered Hetesowdlic Compounds

@ Three Memeeren  Heterocycuc (oMPounDS
These are +thsee membeved sing compounds - @ith one 0¥ wo  hetexo
atoms-

1) Wih 1 Helesoaloms : Azividine, Oxirane , Azifne
2) With 2 Hetesoatoms ¢ Diozindine , Diaxirane

t 0 N 0
K AN N 2N

(b Four Memeerep Hererocycuic (oMPOUNDS
These are four membered ving Compounds with 1 05 mMore hetero atoms-

1) With 1 Heferoatoms ¢ Azetidine, Oxetane
2) With more +han 1 Hetespatoms © Djazekidine , Oxazelicline
NH —NH

| AM .__-j - u——J
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© S Memrerep HeTerocucuc (MPOUNDS
These are S membered dings with 1 oFf more than 1 heferocatoms-

e With 1 Heferatoms : furan. Fyrrole, Thiophene
e With more than 1 Hefesoaloms ¢ Tmidazsle , Oxazole, Thiazole

() ) Q) )

@ 6 Memseren Hemerocucuic (oMPounds
These are & membered Br‘nes with 1 o5 move +han 1 heferoatoms.

e (ith 1 Heleroatoms : Pyridine , Puran , thiopysan
e (ith moare than 1 Heferagtoms @ Pyridazine ﬂ{rfmicla‘ne

AN XN
» IJ
W N
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@ 7 Memgereo HeTeRocycLic (OMPOUNDS
These e 3 membered zrmgs with 1 or mose than 1 heteroatoms-

® With 1 Heferoatoms : Azepane , Oxepane, Thiapene
® (Jith more +han 1 heferoatoms : Diuzepene, Thiuzepene

- 2
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@ Baseo ON AroMATIITY

® Aromatic Heferoyclic Compounds
@ Non - Aromalic Heterouyclic (ompounds

@ AromATIc Hererocyauc (0MPOUNDS
® Follow Huckel's Rule
® Example: Ryridine, Rymole , furan , Thiophene

@

@ Thiophene

S—
()]
—

@ Non - ARomATIc  HETEROCYCLIC (omMpPounDs
® Do nof follow Huckel's sule
¢ Example : Telrahydrofusan , Pipendine efc

D ENj
N
Tetrahydrofuran
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@ Baseo On NuMBER OF Rmés

® Monwclic
® Biyclic & Plycydic

@ Monocycuc
® (ne o mose heleroatoms in Q single ving
® ExamPle: Pqn’dme, Furan

0 ¢
0 N

@ Bioyeue OR PoLycyauc
® Two or mose fised 5ings
® Example : Quinoline , Actidine

~
N.f
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@ Baseo On Tuee Of HeveroaTom

o Owaen (ONTAINING ¢ Fuman |, Oxazole efc
o NITROGEN (ONTAINING : Pyridine , Tmidazole et
o Suirer (ONTAINING @ Thigphene | Thiazsle efc
e Muxeo HeteroaToms : Oxazole, Thinzele el
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NomMenctATURE Of Heterocycue CoMPOUNDS

There are various methods for nomenclature oF Heferowyclic  compounds in
which Hantzch - Widman system is widely wsed £ Queepted-

HANTZSCH — WIDMAN NOMENCLATURE

® The hantzgch - widman Nomendlature is a systematic method fir numing
heteowyclic ompounds  bared on:

® Types of Heteroatom

= ﬁl‘n{ir Size

- Saturation/ Unsaturation

® This System 5 Widely used in IUPAC Nomendature for naming,
simple £ Complex  monowyclic  heferacdoms:

Prfix + Stem + Suffix
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Example: () Oxivane , 0 \

Here in Oxirane
e Sine H has Oxygen
® Have 3 afoms in 3G =
¢ Stturaled zing. = ane

1

Oxa

!
c._.g ;

Hence —»  Oxisane

@ Azaridine
NH
Here,
® Nikcgm = Az

e Jatoms = I¥
o Saturation with N" = idine

Hente —»  Azandine
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L qule is a fve membered womahc hetesowychc mmpound With

molecular  fosmula  CyHsN-
® T+ is a colovless Voladle lr‘cLujd that darkens weadily wpon exposure

o wr
® T+ wngdered 1o be one of the most esenfial fve membered

heterogyclic vings, as # 03 s puesent in Vonoug: natural - products
Such as  Hatmoglobin, Chloraphyl) , Alkaloids -efc

L Vs
@

ResoNANCE [N PyrRoLE
Resonane in pyswole vefars to the deloclization OF AR~ electrons

Cincluding. lone paiy on Nitgen) Guross enfire - membered
aromatic sing which gives pymole ifs aromatic  character:

U . \P -— C / = o
';,‘ N7 :JC-I'tlfjﬁ
N :. )
al n “
E: ‘ — T =
X3 \ﬁ,

I
H
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Guntuesis Or PyrroLE
Also known as Method of preaparation:
T+ inwolves :

Industrial Method

From Aceylene

Paol  knorr Synthesis

Hazvtzsch - Pyrrole Synthesis

From succimmides

@ TInoustriaL METHOD
Fwon when freated with Ammonia under high femperature 2

psessure yjelds pyrrole:

!/ ¢ | TN “;D: ( &1- Hy0
=

@ From AcETVLENE
Pymle s obtained by pussing acytelene and  ammonia +hrough
a fed hot tube: |

(H= CHt NH; + C(H=cH —2

)
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3 PaaL- Knore SunTHESS

Tn #his  1-U- dikefone is treated with primasy cmine (often ammonia
o¥ alkyl amines) to yield pyfole  demurions:

W, 7 et N 20, _i/ \>
(Hs (Ha
N
.

© HanTtzsch Pugrole  SynTHESIS

In his B- ketoester (F&hql acetoacetate) reacts with o- chlovoacetale

(- haloketone) _jn Fhe presence of Ammonia to gve pyfrole
cerivative:

O
l

N A T
NH3 J
o + | _NHs
V/ e

(‘Substiviert Pt
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© Feom Distuamon OF Succnirnoe
Pyymole s obtained by the distillation oF sucunimide wHh 2iNC

clust-

U= N
0 N" "0 N
H
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CHemicaL REAcTioNs OF PyrROLE
Pyrrole due 1o eleciron - sich nature of Hs ¥ing gives various chemical
veactions mainly at (-2 posHion-
These  mqpos reactions given by pyrole are :
® Elechophilic Subslution Reqchion
e Reduction
@ Riemexr - Tiemann Reachion
® (Oxidation

@ FElecrropiie SussTiTution REACTION
Pymole - undergoes  subshitution _fenction £ substitttion chief) ot

C-2 postion. |
Hulogmcm'an e @
; Bfg_ ||I\-|,' By

.
</ \) HNO3/ 0 o ’ \
i i N ACH_:, :N: NO2

H
(Acetic Anhyride) .
2- Nitrophenol
Sutfonation
o / \
H280y + S03 NS SOt
(Ruming Suifunc Acd) H

2~ pyfole &u&m@
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@ Reoucnon
Pymole reduces by Ha gac in presence of Ni ot very high tempextture
o yield  pyrwlidine-

(/ \} Ha/ Ni O
N U3 K
. p

® Riemer - Tiemann_ReACTION
In the presence of KOH, pymole seacts with, chlorofoym to piaduce
2- foymypyrmole:

/&\ + g =, 7/ \ L

N
H A
Ak
@ OxipaTION

Pyrrole oxdises in the presene of HaQy with chromium tnoxide
to yetd Malecimide (Pyole , 2-5 -dione)-

(/ \> 6% %—/\%
N. HQSU“ 0 N ﬂ
H

H

Pyrrole 2,$ dione
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MepicinaL Uses OF Pyrrole

@ (ose Stsuctures in Drg Molecules
® Pymole fs building black i many pharmaceuficals and natural produds
such a»:
— Afosvastcdin (Lipitor) = @ cholestesol - lowesing drug:
~ Tolmetin - A nonstexoidal anti- inflammatory d-rua(_NSAlDSJ—
- Sunjfinb = Used in (ancer thempy.

@ Antimicubial Agents
Pymrole dervahves show  antibactesial, wwﬁﬁmgai and anfivical achuities-
o 'IT]elf distrupt microbial membyanes. 05 inhibit  key enzymes.

@ HnH-inﬁan'rma!ozy and ﬁnarﬂes:t

Many pynole- based Compounds  geduce inflammation and pain,
similiar 4o  NSAIDs -

® Example- Tolmetin

@ Heme and Cnlomphqﬂ Structure

® Biologically . pymole units fovm the pophynn ving system, found in :
= Heme in (hasmoglobin and wytochromes)-

= Chlosophyll (in plants).
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| Furan|

e Fysan 5 © heferoyclrc Ofganic  compound rnnsfaﬁrq of a S-membered
aromatic ming when Y carton atoms € 1 owgen atom:

o [} is a colowless , inflammable  volatile  liquid  wikh h’}ihn(f paint
of 32t

o It is slightly ~ soluble in water but completely Soluble n many

oa'gaﬁk solvert-
4 \)
0

(furen)

Resonance IN Furan
Resonance in Furcn helps explain its aromaticty £ Sabiliy a3
a h€+e![]u,,cl|'c wmptm.nd- |

9 3
@ — g</%/> *"’i@:
t.: \ NP —
<\3> @ﬂ
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CyntHesis OF Fupan

Furan (an be synthesized +hrough fillowing seactions :
From Fuoic Aad

From 7,3 - Bulachene

Puat knowr  Synthesis

Fyom Furfiual

From Furoic Aap

Decusboxylation of fuoic add yeids _Furan:

f E - Quinohne < \}
4 0 : (00H Cl.ljl(;ﬂ‘!ﬁlys'l' 4 0 &

FRorg 4,3 - BUTADIENE

1,8- Butadiene yeilds flwan by Copper - catalyzed reactions:

//——\\ Cullaf 02 /
== )
@D
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@ PaaL KnorR SyntHESS

1,u- dicarbonyl compound ( Acetonylacetone) when heoted with @

dehydrating - agent (eg- phosphosus  pentaxids. -Pa0s) fesul in the
foxmaton of 2,5 dimethylfiuan.

—_— / \ P0s / \

(H3 o o (H3 O CHg

@ From FURFURAL

Decarbonylation  of fufural yeilds Furan in the presence of
charcoat/ pallddu‘um-

(/ \5 pdlc 200C </ \>
0/ CHO 0

-(o
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CHemicat Reactions OF FURAN
Furan undmsqoes vanious chemical feactions peferentially ot (-2 pesition:
® Elechophile Substitution Reoctions
Oxidation
®  Reduction
® Mexusation

@ Etectrophillic _Substiution Reactions

Hctlgenuﬁnn " @\
. 0 Br

(/ \} Nitaon \,—/N \
0 HNO3z+ HCE‘HC Anhydrids. 9 NOaH

Sulforation
S0z + Ethylene a:hl‘om:le < 50;H

Pyridine foo’c
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@ Oxidation
furan in the presence of sl‘rang oxidfz:‘ng agents like KMnOy Oxidived
40 Maliec Aud-

o" “oHw/ ©
@ Reduction

Fuun in the presence of nickle £ hydfogen veduced  fato
Tetyahydrofuran (THF)-

) Raney Ni
0 Ha

0 0

@ Mercuration
Furan in the presence of Mescuric Chlonde £ godium acelate
qive 2- Chlovomevcurifuran - :

4 I; HgCla
0 (Hx00Na 0 ng

@ 2- Chloromerwnfuyan
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Meoieinat Uses Of Fugan

Furan fisef is sarely used difecHy in medicine dug 10 Hoxichy (oncems,
but fuwran denvatives are very impostant in phcumaceuh‘tals-
Here are their key uses :

@ Antibadesial ugenfs
Nitofiwuntoin - A fuwran denvative used fo freat usinasy tract
infections (U Tis)-

@ ﬂnﬁpm}ozua! D

Furazolidone - Used 4o freat infections like gmrdisn's and bacterial
diarchea

® Antifunga) Agents
(ertain ﬁmln derivatives exhibi s!mng achvity agaim+ Ru-gm infoctions -

@ _Anti-Inflammatory Orugs
Furan m‘ngs cre Pr@errf In dmgs wih anH-u‘nﬁamma’merq properties
(g furosemide is dioretic and mild anti -inRammatory effects)-

© Diarelics
Furosemide - A loop diuretice used 4o teat edema and hypertension-

©® Antivical agents

Furan - Gontaining compounds are being developed as HIV and hepatibis
inhibrors.
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I THiopHene |

Thlbphene belongs o a class of heferocyclic compounds containing A
S- membered m’rg made up of one sutur ws a heteroatom-

Tt is a wlourless liqud hcwfm} ba:'ling point  ofF BY°C:

T is slighty Sluble 0 water | soluble in  organic solvents:

»,

ResonNANCE N THIOPHENE
Resonance. in thiophene explain Hs aromatic stabilly , zimiiar 10
pynole £ furan

Ly, __
R
W WS
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SynTHESIS OF THIOPHENE
There are vanous method OF preparation of Thiophene s Fillow :
® Tndustrial methods

® Pual knowr Synthesis

o from Acdylene

@ TwnoustrRiaL METHODS
Thiophene can be synthesized an industaal scale by heating n-butane
£ sulfur of high Jemperature-

/ \ + S _ﬂ-p t/ \3 + HoS
S

(H3 CH3

@ PaaL knorR SunTHESIS

In this method 14 dicarbonyl compounds heated with phosphorus
pentasufide o give +hiophene-

s ;0 0; - g & oy \g/ s

(H3 OH 0

Acetonylacetone 2,5 - Dimethylthiophene
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@ From AcETYLENE
Treatment OF acetylene with hydrogen sulfide yields thiophene:

QCH=CH + Hs — (/ ) + Ha
S
Thiophene

VIDEOS : &) IMPERFECT PHARMACY



CHEMIcAL REAcTIoNs OF THIOPHENE

Thinphme giues lenwing Chemic) reackons ¢
Electrophile substitute feachion

Mercwration

Reduction
Nudt’ophﬂ#ri: Subshitute ¥eackon

Eleciphillic_Substitute_ceadtion

Halogenation \ 7\
Brz < Sj ~Br

</ \5 NiHation {/ \}
S HNO3z [ HoS04 ' S NO2

Sutfonation _
s // \
(onC:  HoSlg ; S03H

(Thiophene -2 Sulfonic Acid
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® Mercuration
Thiophene reods with mexcuric chloride in the presence of <odium acetate
10 gl'ue Hhiopene - 2- mexuric chlonide -

D + tga, N, Qngq + Hel

@ Reduction
Thiophene in the presence of palladium £ charool yeilds
Tetrahydrothiophene:

@ _Nudeophilic Substitute reaction
2 - Bromothiophene , on treating. with Copper yanide (Culn)  yeilds
2 - Cyanothiophene-

[\ + v — [ N+ Cur
S Br s (N
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MepiaNAL Uses OF THIOPHENE

@ Anfibacevial Agents
Thiophene  davivatives are used in drugs Ho freat bactesial infections.

@ Anti -inflammatony dmgs
Present in agents +hat reduce inflammation £ pain-

© I. Hnﬁdgpressarﬂs
Thl"ophene-dmgs-ﬁings are fourd in - Cerfain mﬂud-sfubfh'zing a@z-

@ Diuretics
Found in drugs like tenoxicam  a thiophene - containing NSAID -

VIDEOS : [} IMPERFECT PHARMACY
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