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JINTRODUCTION

* Heterocycliccompound is the class of cyclic organic compounds those
having at least one hetero atom (i.e. atom other than carbon) in the
cyclic ring system.

The most common heteroatoms are nitrogen (N), oxygen (0) and
sulphur (S)
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Heterocyclic pyridine
with one nitrogen heteroatom




U CLASSIFICATION OF HETEROCYCLIC
COMPOUNDS

Heterocyclic compounds may be classified into three types: (i)
Five Membered, (ii) Six Membered and (iii) Fused or

Condensed Heterocyclic

< Five-membered heterocyclic compounds bearing
one heteroatom

compounds.

HETEROATOM ‘ SATURATED | UNSATURATED
Nitrogen Pyrrolidine Pyrrole
Oxygen Tetrahydrofuran Furan
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PYRROLE PYRROLINE PYR

< Five-membered heterocyclic compounds bearing
two heteroatom

ROLIDINE FURAN

DIHYDRO TETRAHYDRO
FURAN FURAN |

HETEROATOM ] SATURATED | UNSATURATED
Nitrogen - Nitrogen Imidazolidine Imidazole
Pyrazolidine Pyrazole
Oxygen - Sulfur Oxathiolidine Oxathiole
Isoxthiolidine Isoxathiole L
Nitrogen - Sulfur Thiazolidine Thiazole
Isothiazolidine Isothiazole
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IMIDAZOLE IMIDAZOLINE IMIDAZOLIDINE PYRAZOLE PYRAZOLINE PYRAZOLIDINE?

% Six-membered heterocyclic compounds bearing one
heteroatom

HETEROATOM |  SATURATED | UNSATURATED
Nitrogen Piperidine Pyridine

Oxygen Oxane Pyran |
Sulfur Thiane Thiopyran |
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PYRIDINE DIHYDRO PIPERIDINE PYRAN OXANE ‘
PYRIDINE :

¢ Six-membered heterocyclic compounds bearing two
heteroatom
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PYRIMIDINE TETRAHYDRO PERHYDRO PYRIDAZINE PYRAZINE PIPERAZINE
PYRIMIDINE  PYRIMIDINE




% Fused polycyclic system

selicceeliive
N7 _N NH N/)

Quinoline Isoquinoline Tetrahydro isoquinoline Quinazoline
N_ N
X E E\ N
NN
0 0 0~ ™0
Chromene Chromane Coumarin Pteridine
N/ 0 5
Acridine Xanthene Thioxanthene
H
N N
N
N S
Phenazine Phenothiazine

(UNOMENCLATURE OF HETEROCYCLIC
COMPOUNDS (HANTZCH-WIDMANN SYSTEM)

» This nomenclature system specifies the nature, position,
ring size, number, and types of heteroatoms present in any
heterocycliccompounds.

« This system of nomenclature applies to monocyclic three-
to-ten-membered ring heterocycles

« The nomenclature of heterocyclic compounds are assigned
by combining ‘prefix’ (that indicate the heteroatom
present) with ‘stem’ (that indicate the ring size as well as
the saturation and unsaturation in the ring) and ‘suffixes.

Prefix + Stem + Suffix




< Common Prefix for Heteroatoms (arranged in the

preferential order)
HETEROATOM SYMBOL PREFIX
Oxygen 0 Oxa
Sulphur S Thia
Selenium Se Selena
Nitrogen N Aza
Phosphorous P Phospha
Arsenic As Arsa
Antimony Sb Stiba
Bismuth Bi Bisma
Silicon Si Silia
Tin Sn Stanna
Lead Pb Plumba
| * Ring size
\ RING SIZE | SUFFIX
3 ir
4 et
5 ol
6 in
| 7 ep
I 8 oc
9 on
10 ec

g §




Ring size | Saturated | Unsaturated | Saturated (with
Nitrogen)
3 -irane -irene -iridine
4 -etane -ete -etidine
5 -olane -ole -olidine
6 -inane -ine y
7 -epane -epine -
8 -ocane -ocine .
9 -onane -onine -
10 -ecane -ecine z
H
0 S N
[\ A\ YA
Oxa + irane= Oxirane Thia+ irane= Thiirane Aza+ iridine= Aziridine
—0 —S NH
] [] [

Oxa + etane= Oxetane

O

Oxa + olane= Oxolane

&

Oxa + aza + ol + e = Oxazole

Thia + etane= Thietane

O

Thia+ olane= Thiolane Aza+ olidine= Azolidine

1,3 Thia+aza+ol+e
= 1,3-thiazole

Aza+ etidine= Azetidine

QO

0
mf
H

Oxa + aza + ir + idine
= Oxaziridine




(L PYRROLE

Pyrrole is a heterocyclic aromatic organic compound, a five-

membered ring with the formula C,H,NH. {/ \!

* Itisacolorless volatile liquid that darkens readily upon N
exposure to air. H

* Pyrrole has three pairs of delocalized = electrons. Pyrrole

It isan aromatic heterocycle having weak aniline like odour.
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% Method of preparation

1. Industrial method

Pyrrole is prepared industrially from furan by passing it over ammonia
and steam and heated at 400°C in the presence of solid acid catalysts

like SiO, and Al, 0,
RNH, O NH; /\_>\

H

1-subst|tuted pyrrole Furan Pyrrole

2. Hantzsch Pyrrole synthesis

When a- haloketone or aldehyde is reacted with a B-ketoester or p-

chloroketone and a base like ammonia/primary amine, it gives
pyrrole

0
RZO—H R,00C
0 o A—CH; en aA—CH, /
A e A= T = L
R, OR, Z \CH, N /6\‘:“ Ri "N H,
p-ketoester a-chloroketone H

Substituted pyrrole

3. Knorr Pyrrole synthesis

a - amino ketone is condensed with another dicarbonyl compound
containing an electron withdrawing group a to a carbonyl group (i.e.,

activated methylene group) in the presence of acetic acid.
0

R'\c//o H

+ i a R, uuuon
& -MO
R; 'NH,

a-Aminoketone Ry "
Dicarbonyl compound P‘ i
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4. From acetylene

Pyrrole is obtained by passing acetylene and ammonia through a red
hot tube

HC=CH + NH; + HC=CH —A—b (/ \>

N

Pyrrole

Acetylene Acetylene

5. From distillation of succinimide

*  Pyrrole is obtained by the distillation of succinimide with zinc dust.

0

(éu + I — - [:/\m +22n0

<» Chemical reaction

1. Electrophilic substitution reactions: Pyrrole undergoes electrophilic
substitution reactions and substitution chiefly at C-2 position.

HNO CH,.C0),0
3 / (CH3CO), . QNOZ
H

-10°C 2-Nitro pyrrole

Pyridine sulfur trioxide 1\
100°C > ?S%H Z-Fgmole sulphonic
aci

Br, / CH3COOH . Br ge 2, 3, 4, 5-tetra bromo
0°C /Z/——\S\ pyrrole
Br N Br

H
(CH;C0),0 / Trimethyl amine 0
> @H_cua 2-Acetyl pyrrole
H

I\ —
N
H

Fridel craft acylation

2. Alkylation & Arylation

éﬁ_mo2 + ArB(OH); Mﬂ—a)ib @Noz
N Pyridine

H
Aryl boronic acid |




3. Acylation

(CH,€0),0 / \
200t COCH,

N
= H 2-Acetyl pyrrole
NH
=
N-Acetyl imidazole =z
Pyrrole YA > N—COCH,
=

N-Acetyl pyrrole

4. Reimer - Tiemann reaction: In the presence of a strong base and
chloroform, pyrrole undergoes Reimer - Tiemann reaction to form
pyrrole - 2 - aldehyde

@ + CHCl; + NaOH —» @\cno

N H
H
pyrrole 2-pyrrolecarbaldhyde

5. Gatterman-Koch reaction: When pyrrole is heated with phosphorus
oxychloride and dimethyl formamide it gives 2-pyrrolecarbaldehyde

I\ i)' A poc I\
D+ A e 3
N “CH; CH,COONa N~ ~CHO
H H
pyrrole Dimethyl
formamide

6. Reduction: Pyrrole is reduced with Pt, Pd and Ni at 470 K to yield
pyrrolidine

{""5 Zn {/ \5 Pt/ Ni { 5

N” CH3COOH ﬂ oK

Pyrroline Pyrrole Pyn*ohdme

s Use

* Pyrrole is a structural constituent of haem, chlorophyll, Vitamin B, and |

bile pigments.

* Pyrrole ring is also present in the drug tolmetin (NSAID), ketorolac
(NSAID), sunitinib (anti-cancer), ageliferin (anti-bacterial), elopiprazole
(antipsychetic), procyclidine (antimuscarinic drug to treat
parkinsonism) and atorvastatin (lipid lowering agent).




#_- —— —
U FURAN

* Furanisa heterocyclic organic compound, consisting of a five-
membered aromatic ring with four carbon atoms and one ( \5

oxygen atom 0
* Itisacolourless, inflammable, volatile, liquid with boiling F
point of 32°C. Mk

% Method of preparation

1. Decarboxylation of furfural

* The vapour phase decarboxylation of furfural in the presence of
palladium and charcoal gives furan

@cuo Pd/C, 200°C_ @

(0] (0]
Furfural Furan

2.From 1,3-Butadiene

* 1,3-Butadiene can be converted to furan by the copper-catalyzed
oxidation.

\ / CuCl,/ 0, @

> 0
1,3-butadiene Furan

3. Pall knorr synthesis

* Under non-aqueous acidic conditions, 1, 4 - diketones undergo
cyclization followed by dehydration to give furans

l@ _ Rz R; —H,0

1,4-Diketone Furan

4. Fiest-Benary Synthesis

* Itisacondensation reaction between an a-haloketone with a -
ketoester (or o P - diketone) in the presence of a base like ammonia
or pyridine ‘




-h t
a - haloketone B - keto ester

(or B - diketone)

5. Ring expansion

«  Alkynic oxirans when treated with sulfuric acid and mercury
sulfate, undergo ring expansion to produce furans

H H R
l H,S0, i =
HC=C-C—CH, » HC=C-C—CH,0H —»

HgSO, (LH 0

Furan
Alkynic oxirane

** Chemical reaction

1. Electrophilic substitution reactions: The C-2 position of the furan
is preferentially reactive towards electrophilic attack than C-3
position.

Nitration: Furan is nitrated with mild nitrating agent, acetyl nitrate, at
low temperature.

| NO,
o
Z/ \S +Hyc-b-0-N0, 20 5 Z/ \S + [/ \5
0 0 NO,
Furan 2-Nitro furan  3-Nitro furan

(Major) (Minor)

| Sulfonation: Furan is sulfonated with the complex of sulfur trioxide and
pyridine or dioxane to give 2, 5 ~ disubstituted furan even at room
temperature.

O ' @ T “"“"‘,;038/@\503“

S0y
Pyridine-sulfur Furan 2,5-disulfonic acid
trioxide complex

Furan




2. Mercuration

CH, CH,

HgCl,
</ oﬁ\ CH,0M, RT mﬂgq

0
3. Reduction: Furoicacid can be reduced to dihydro derivative
U Metal /qu.NH;,’. @H
coon CHiOH COOH

0 0
Furoic acid 2,5-dihydrofuran-2-carboxylic acid

4. Oxidation: When furanis treated with sodium hypochlorite, hydrogen
peroxide or meta chloroperbenzoicacid.

/ \ H,0,/(H;N),CO
e >
C,H; c,Hs CHz2Cl CH C,Hs

4] 5 00

5. Reactions with diazonium salts

@ + CGHS—N*ENCI——b @
0

. 0 CeHs
uran 2-methyl furan

6. Fridel crafts acylation

/{ \§ . (CHCO), SnCM/ZnClz’ & + CH,COOH

0 0 COCH;3
Furan 2-Acetyl furan

7. Gatterman - Koche reaction
[/ \S + NHCHCI ——-——»@\
(0 0 CHO

Furan is an important scaffold present in drugs like, ranitidine (anit-ulcer),
nitrofurazone (anti-bacterial), ascorbicacid (vitamin C) and many natural
terpenoids.

R/

< Use




(U THIOPHENE

84°C.
< Method of preparation

1. Paal-Knorr Synthesis

¢ In thismethod, 1, 4 - dicarbonyl compounds can be heated with
| phosphorus pentasulfide (a source of sulfur) to give thiophene
|

[\ —2=e [
HoC 250°C Ho -

00 CH; —H,0 S

f 2. Hinsberg Synthesis

} * Two consecutivealdol condensations between 1, 2-

| dicarbonyl compound and diethylthiodiacetatein the
| presence of a strong base gives thiophene
|

Diethylthio-

1,2-Dicarbonyl diacetate

compound

' 3. Fiesselmann Thiophene Synthesis

B °'N™  Naon
| a
SH—CH,—C—R, + —

Ry” “NCOOCH,4

* Thiophene belongs to a class of heterocyclic compounds
containing a five membered ring made up of one sulfur as a @
heteroatom. S

* Thiopheneis a colourless liquid having the boiling point of Thiophene

HOOC S COOH

0
¢ o

N, P

| ©/ ¢ > C,HgONa®

1 + Fo-

| /4 C,HsOH T\

| C2HsO Sp 0”7 0C,Hs




4. Industrial Methods

* Thiophene can be synthesized on industrial scale heating n-butane and
sulfur at high temperature.

600 °C
—_—

/ \

S

H3C—CH2-CH2-CH3 4+ S + HZS

«* Chemical reaction

1. Electrophilic substitution reactions: The preferred site of attack in
' thiophene is C2-position.

Pyridine-sulfur trioxide

complex ﬂ\
> SO;H

S
Thiophene-2-Sulfonic acid (95%)

Chlorosulfonic acid

[\
{ CHCl; - S

S0,Cl
1 Thiophene-2-sulfonyl chloride

Br,/CH3COOH \/—j/ \
| (I s)\ 0C > NgBr
I,/HgO { !
0T > /s\ I M IQI

Thiophene
70% 2,5-Diiodo thiophene

30%
/ \
> Q\cocua

2. Mercuration: Thiophene react with mercuric chloride in the
sodium acetate and gives Thiophene-2-mercuric chloride

CH;COCI
SnCl,

CH4COONa
0\ 4 ugay, - >

S

BN

S




3. Nucleophilic substitution

CuCl/Pyridine U\
DMSO > Cl

S

NH,
KNH i—j
f/ j\ Liq.Nfl3 > /S\
§° Br CuO/KI {/ \!
CH,0H,D > OCH,

S
CuCN
Pyridine > @C
S N
4. Reduction
Na/CH;0H (/ 5 + HHC s
NH3, —40°C S S Butanethiol
Z/ \> IPd/Charcoal> { \ Tetrahydrothiophene
5 S
Raney Nickel CH;

(CH3C0),0 n-Butane

5. Oxidation

* Thiopheneis resistant to mild oxidizing agent, but it is oxidized to
maleicacid and oxalic acid by the treatment with HNO;

@ [0] COOH FHcoon

2 THNo, —  loon * dHcoon

% Use

* Thiophene derivatives possess remarkable activities like antibacterial,
anti-inflammatory, anti-anxiety, anti-psychotic, anti-arrhythmic and
anticancer.




