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Heterocyclic Compounds

Cyclic compound containing at least one hetero atom
other than carbon, such compounds are called as
heterocyclic compounds.

Generally N, O, S atoms are present as a hetero atoms.
Stable heterocyclic compounds are called as aromatic

heterocyclic compounds.

Pyrrole




Classification of Heterocyclic Compounds

Heterocyclic compounds are classified on the basis of size of the
ring and no. of hetero atoms present in a ring structure as
follows.

a) Five member heterocyclic compound containing one hetero

Furan Thiophene
Pyrrole

b) Five member heterocyclic coml\Pound containing two hetero
atoms. /N / \ /N
(> Ly 3
H

Oxazole Thiazole
Imidazole




c) Six member heterocyclic compound containing one hetero
atom.

EX. X X
S
N o
Pyridine a-pyran
d) Six member heterocyclic compound containing two hetero

atoms.

N¢N N) N

Pyridazine Pyrimidine Pyrazine

e) Bicyclic compound containing one hetero atom.

N N
H

Indole Quinoline Isoquinoline




f) Bicyclic compound containing two hetero atoms.

e 5

S
Benzothiazole Benzoxazole

g) Polycyclic compound containing two or more than two hetero
atoms.

Neoooloee

Phenoxazine Phenothiazine




IUPAC Nomenclature of Heterocyclic Compounds

Following IUPAC rules are used for nomenclature of Heterocyclic
compounds:
1) Following prefixes are used for hetero atoms
O =0xa
S =Thia
N =Aza
Si=Sila
P = Phospha
2) Last vowel of prefixes are replaced by the respective name
ending words, depending upon the size of the ring.

No. of atoms in ring Name ending
3 Irine
4 ete
5 ole
6 Ine
7 epine



3) In monocyclic compound containing only one hetero atom,
numbering start at this hetero atom.

4) When two or more same hetero atoms, then prefixes di, tri, tetra
can be used.

5) When ring contain more than one type of hetero atoms, then the
preference is given to that hetero atom which having highest group
no. in periodic table ( Ex. Oxygen (Gr. VI) before Nitrogen (Gr. V) and
Sulphur (Gr. VI) before Nitrogen (Gr.V).

6) When different element having same group, then preference is
given to the element which having lowest atomic number. (Ex.
preference is to O (Gr.VI, atomic No. 8) before S (Gr.VI, atomic No.
16).

7) The direction of numbering around to the ring is such that the
numbers are kept to a minimum.




Oxole

T hiole

Azole

Azine

1,3-diazine



N
H\ J 1,3-thiazole
S
N
H\ J 1,3-oxazole
@)




Molecular Orbital Structure of Furan (Oxole)

Furan is five member aromatic heterocyclic compound
containing one oxygen and four carbon atoms in their cyclic
structure. All four carbon atoms and one oxygen atom is SP?2
hybridized.

The electronic configuration of carbon is as follows :

Atomic no. of carbon atom is 6
152 252 2Px! 2Py! 2pz0

Electronic conf. of Carbon in ground state Y

152

Electronic conf. of Carbon in excited state

t

Electronic conf. of Carbon hybridized state[t7

3 SP? hybrid orbitals




The electronic configuration of Oxygen is as follows :
Atomic no. of Oxygen atom is 8 12 252 2px? 2Pyl opy
Electronic conf. of Oxygen in ground state p TEYE

2Px2 2Py! 2opz2

Electronic conf. of Oxygen in excited state Y

Electronic conf. of Oxygen hybridized state 4}

SP? hydridization

}

3 SP? hybrid orbitals
All four carbon atoms forms three SP2 hybrid orbitals containing
single electron. Each carbon atom forms three sigma bonds.
Carbon-carbon sigma bond is formed by SP2-SP2 overlapping and
carbon-hydrogen sigma bond is formed by SP2-S overlapping and
carbon —oxygen sigma bond is formed by SP2-SP2 overlapping.




Oxygen atom forms three SP2 hybrid orbitals. One containing a
pair of electron, this lone pair used for protonation. Two hybrid
orbitals containing single electrons which take part in sigma bond
formation. Oxygen atom forms two sigma bonds with adjacent
carbon atoms by SP2-SP2 overlapping.

Each carbon atom having one unhybridized 2Pz orbital containing
single electron which take part in pi bond formation.

Oxygen atom containing one unhybridized 2Pz orbital having a pair
of electrons which take part in delocalization.

Formation of S|gma bonds in Furan as follows :

co@‘

SP? hybrid orbital having
a pair of electron

Fig : Formation of sigma bonds in Furan




Formation of t-bond in Furan as follows :

\c&

OOO_’ 2Pz u.nhybridized orbital having

a pair of electron

Fig : Formation of pi bonds in Furan

Structure of Furan as follows :

H
c‘:/

_cC C
\(5

Fig : Structure of Furan




Molecular Orbital Structure of Thiophene (Thiole)

Thiophene is five member aromatic heterocyclic compound
containing one sulphur and four carbon atoms in their cyclic
structure. All four carbon atoms and one sulphur atom is SP?
hybridized.

The electronic configuration of carbon is as follows :

Atomic no. of carbon atom is 6 152 252 2Px! 2Py! op0
Electronic conf. of Carbon in ground state |1

152

Electronic conf. of Carbon in excited state [4 |

Electronic conf. of Carbon hybridized state|4

Ak

3 SP? hybrid orbitals




The electronic configuration of Sulphur is as follows :
Atomic no. of Sulphur atom is 16

152 252 2Px2 2Py? op2 35?2  3Px? 3Py' 3p/

Elec. conf. of Sin gr. state R R

152 252 2Px2 2Py? opy2  3S! 3Px2 3Py' 3pz2

Elec. conf. of S in exci. state P I D NN

152 252 2Px2 2Py? opz2 . 3S! 3Px2 3Py'l 3pz2

Elec. conf. of S hybri. state M NN

l SP2 hydridization

N

3 SP? hybrid orbitals




All four carbon atoms forms three SP2 hybrid orbitals containing
single electron. Each carbon atom forms three sigma bonds.
Carbon-carbon sigma bond is formed by SP2-SP2 overlapping,
carbon-hydrogen sigma bond is formed by SP2-S overlapping and
carbon-sulphur sigma bond is formed by SP2-SP2 overlapping.

Sulphur atom forms three SP2 hybrid orbitals. One containing a
pair of electron, which is used for protonation. Remaining two

containing single electrons which take part in sigma bond
formation. Sulphur atom forms two sigma bonds with adjacent
carbon atoms by SP2-SP2 overlapping.

Each carbon atom having one unhybridized 2Pz orbital
containing single electron which take part in pi bond formation.

Sulphur atom containing one unhybridized 3Pz orbital having a
pair of electrons which take part in delocalization.




Formation of Sigma bonds in Thiophene as follows :

S
SP? hybrid orbital having
a pair of electron

Fig : Formation of sigma bonds in Thiophene




Formation of mt-bonds in Thiophene as follows :

OS@_, 3Pz unhybridized orbital having

a pair of electron

Fig : Formation of pi bonds in Thiophene

Structure ofThiophene as follows :
e

Fig : Structure of Thiophene




Molecular Orbital Structure of Pyrrole (Azole)

Pyrrole is five member aromatic heterocyclic compound
containing one nitrogen and four carbon atoms in their cyclic
structure. All four carbon atoms and one nitrogen atom is SP?2
hybridized.

The electronic configuration of carbon is as follows :

Atomic no. of carbon atom is 6 152 252 2Px! 2Py! op?

Electronic conf. of Carbon in ground state |1}

152

Electronic conf. of Carbon in excited state [4 |

Electronic conf. of Carbon hybridized state|4

Ak

3 SP? hybrid orbitals




The electronic configuration of Nitrogen is as follows :
Atomic no. of Nitrogen atom is 7

152 252 2Px! 2Py! opz!

Electronic conf. of Nitrogen in ground state |4 AR RN

152 25! 2Px! 2Py! 2pz2

Electronic conf. of Nitrogen in excited state |} |

Electronic conf. of Nitrogen hybridized state |4 |

l SP2 hydridization

it

3 SP? hybrid orbitals




All four carbon atoms forms three sigma bonds. Carbon-carbon
sigma bond is formed by SP2-SP2 overlapping, carbon-hydrogen
sigma bond is formed by SP2-S overlapping and carbon-nitrogen
sigma bond is formed by SP2-SP2 overlapping.

Nitrogen atom forms three SP2 hybrid orbitals, containing single
electrons which take part in sigma bond formation. Nitrogen atom
forms three sigma bonds. Two sigma bonds are formed by
Nitrogen and adjacent carbon atoms by SP2-SP2 overlapping.
Third sigma bond is formed by Nitrogen and Hydrogen atom by
SP2-S overlapping.

Each carbon atom having one unhybridized 2Pz orbital containing
single electron which take part in pi bond formation.

Nitrogen atom containing one unhybridized 2Pz orbital having a
pair of electrons which take part in delocalization.




Formation of sigma bonds in Pyrrole as follows :

S
lecczc>c5@‘—;’ i

SP2

SP2

SP2

S

Fig : Formation of sigma bonds in Pyrrole




Formation of t-bonds in Pyrrole as follows :

OT©_> 2Pz unhybridized orbital having

a pair of electron
H

Fig : Formation of pi bonds in Pyrrole

Structure of Pyrrole as follows :

H/C\ /C\H
N
H
Fig : Structure of Pyrrole




Molecular Orbital Structure of Pyridine (Azine)

Pyridine has six member aromatic heterocyclic compound
containing one nitrogen and five carbon atoms in their cyclic
structure. All five carbon atoms and one nitrogen atom is SP?2
hybridized.

The electronic configuration of carbon is as follows :

Atomic no. of carbon atom is 6 152 252 2Px! 2Py! op0

Electronic conf. of Carbon in ground state |1

152

Electronic conf. of Carbon in excited state [4 |

Electronic conf. of Carbon hybridized state|4

Ak

3 SP? hybrid orbitals




The electronic configuration of Nitrogen is as follows :
Atomic no. of Nitrogen atom is 7

182 252 2Px' 2Py! opz

RANEEAREE NN

Electronic conf. of Nitrogen in ground state

_ i _ _ 152 2s! 2Px! 2Py? 2pz!
Electronic conf. of Nitrogen in excited state Y

Electronic conf. of Nitrogen hybridized state |

j SP? hydridization

ik

3 SP2 hybrid orbitals




All five carbon atoms forms three sigma bonds. Carbon-carbon
sigma bond is formed by SP2-SP2 overlapping, carbon-hydrogen
sigma bond is formed by SP2-S overlapping and carbon-nitrogen
sigma bond is formed by SP2-SP2 overlapping.

Nitrogen atom forms three SP2 hybrid orbitals, one SP2? hybrid
orbital containing two electrons which is used for protonation.
Remaining two SP2 hybrid orbitals containing single electrons which

take part in sigma bond formation. Nitrogen atom forms two sigma
bonds. Two sigma bonds are formed by SP2-SP2? overlapping of
Nitrogen and adjacent carbon atoms.

All five carbon atoms and one nitrogen atom having one
unhybridized 2Pz orbital containing single electron which take part
in pi bond formation.




Formation of sigma bonds in Pyridine as follows :

Qs %4@*

QY%/

SP2 hybrid orbital having
a pair of electron

Fig : Formation of sigma bonds in Pyridine




Formation of m-bonds in Pyridine as follows :

Fig : Formation of pi bonds in Pyridine

Structure of Pyridine as follows :

X

=
N

Fig : Structure of Pyridine




Synthesis of Furan (Oxole)

1) Mucic acid :

HO
Dry distillati
ry distillation _ \ JAN / \
-3H,0, -CO, COOH  -CO,
HOOC o o
OHHO Furoic acid Furan
Mucic acid
- 2) Succinaldehyde :
H,C—CH HC—CH P,O:/ ZnCl
/N === / N\ —
H-Cy P H-C_ C—H
0 o OH HO e
. Furan
Succinaldehyde




Chemical reactions of Furan

1) Nitration :
/ \ (CH,CO),0 / \
+ HNO; - NO, + 2 CH;-COOH
O O
Furan 2-nitro Furan

2) Sulphonation :

/ \ Pyridine / \

+  SO3 ~ SO3H
70°C
O O

Furan Furan 2-sulphonic acid




Chemical reactions of Furan

3) Halogenation :

/\ +er, Do\ )

@) @)
Furan 2-bromo furan

4) Friedel Craft Reaction :

ﬁ Anhy. AlCI,
I\ I - Hol
+ CH3 CcC—Cl > COCH,

o) O
Furan 2-acetyl furan




- Chemical reactions of Furan |

5) Gattermann Koch synthesis :

@ v co v omo ST -

©) ©)
Furan Furfural

é6) Gomberg Reaction :

{ § NaOH { §
/ \ + C6H5N2C| —>> \ + NaCl + Hzo + sz
CeHs

o) O
Furan 2-phenyl furan



Chemical reactions of Furan

7) Reaction with n-butyl lithum :

Ether
(/ \5 + CH3CH,CH,CH,Li — > / \ ,_i+ CHaCHCHCH,

@) @)
Furan 2-lithium furan

8) Reduction :

J N\ o+ oom, N / \

o o
Furan Tetrahydrofuran

9) Diels Alder Reaction :

Furan Malic anhydride Adduct




Synthesis of Pyrrole (Azole)

From : 1) Acetylene:

Red hot tube / \
2HC=CH + NHj = + H,

Acetylene N

|

H

Pyrrole

2) Furan :
Al,O
/20 N s 7\

© ™
Furan H

Pvyrrole

3) Succinimide :

¥ | D

H H

.. Pyrrole
Succinimide y




1) Nitration:
(CHsCO),O
/ N\ + ono =22 7 N\
conc. S
N N °
H H
Pyrrole 2-nitro pyrrole
2) Sulphonation :
Pyridine
7N o so owmme [N\,
¥ X
H H
Pyrrole Pyrrole 2-sulfonic acid

3) Halogenation :

|
H

Pyrrole

Tetra bromo pyrrole




Chemical reactions of Pyrrole

4) Friedel craft acylation:

HsC l Anhy. AICI5;
o - + CH3;COOH
7
H3C C COCH3

|| '}'

P rrole H
Y 2-acetyl pyrrole

5) Gattermann Reaction :

/ \ Anhy. AICI;
+ HCN + HCI -— / \
N CHO
|

N
M t
Pyrrole Pyrrole 2-aldehyde

6) Reimer Tiemann Reaction :

N
1

H
Pyrrole Pyrrole 2-aldehyde

(/ \5 + CHCI; + 3 KOH - (/ \5 o




Chemical reactions of Pyrrole

7) Coupling Reaction :

N
I

H
Pyrrole 2-phenyl azo pyrrole

H+
(/ \5 + CgHsN,CI ——— (/ \E + HCI
'|\' N=N—CgHs
H

8) Reduction :

N
I

H
2,5-dihydro pyrrole Pyrrole Pyrrolidine

ZI’]/CHgCOOH / Red P/HI

—— _—
'I\' N
H t

9) Ring Expansion :

(@]

7N . cner, SO \
Z N R B

N
1 N
H

Pyrrole 3-chloro pyridine




Synthesis of Thiophene (Thiole)

From : 1) Acetylene :

AlL,O, / \
2 HC=CH + st A = + H2

Acetylene =
b/ Thiophene
2) n-butane :
CH,——CH, i 600°C / \
T

| | + ~ +  3H,S
CH;  CHs; <

n-butane Thiophene

3) Sodium succinate :
CH»

CH> P2S3
| —
COONa COONa

S
Sodium succinate Thiophene




Chemical reactions of Thiophene

1) Nitration :
(CH5CO),O / \
conc.
s s e
Thiophene 2-nitro thiophene
2) Sulphonation :
(/ \E +  HpSO4 - (/ \} +  HO
conc.
SOzH
S S 3
Thiophene Thiophene 2-sulphonic acid

3) Halogenation :

(/ \5 v, M99 (/ \5 |

S
Thiophene 2-iodothiophene




‘Chemical reactions of Thiophene

4) Friedel Craft acylation :

O
H3C—C// SnCI4
N . + CH,COOH
+ /O
H3;C——C COCH3

S
Thiophene 2-acetyl thiophene

5) Chloromethylation :

S S
Thiophene 2-chloromethyl thiophene

6) Mercuration :

f E Fused CH,COONa /{ \E
/ \ +  HgCl, - + HCI
HgCl

S S
Thiophene 2-mercurichloride thiophene




Chemical reactions of Thiophene

7) Reaction with n-butyl lithium :

Ether
+
(/ \5 + CHCH,CH,CH,Li —— > / \ E CHaCHCHCH

S
Thiophene

S
2-lithium thiophene

8) Reduction :

@

S
Thiophene

Na/NH; f E
—

S
2,5-dihydro thiophene

Raney Ni + :
=  CH3CH,CH,CHys NIS
n-butane
2 H,/Pd O
—
S

Tetrahydro thiophene




Synthesis of Pyridine (Azine)

From : 1) Acetylene :

Red hot tube —~
CH=CH + HCN — |
Acetylene N/
Pyridine
2) Pentamethylene diamine hydrochloride :
~ ~
CH
I_|2(|: | z Heat Conc. H,SO, | T
T T - NH,Cl = o
NH3ClI NH3CI - HCI N N
Pentamethylene |1| Pyridine
diamine hydrochloride Piperidine
3) B- picoline :
CHs COOH
| K>Cr20-/H* CaO _ + CaCOs;
T—
N N N
Nicotinic acid Pyridine

B- picoline |




Chemical reactions of Pyridine

1) Nitration :

NO
| S Fuming HNO3; + conc.H,SO, | \
—
= 300°C =
N N
Pyridine 3-nitro pyridine
2) Sulphonation :
SOzH
T HgSO, T
+ H2504 —
AN
= =
N N
Pyridine Pyridine 3-sulphonic acid
3) Bromination :
Br Br \ Br
X Charcoal S
‘ + Br,
P VAN = N/
N N

Pyridine

3-bromo pyridine

3,5-dibromo pyridine




Chemical reactions of Pyridine

4) Amination :

| + NaNH, N,N-dimethyl amlme» | +
VAN =
Pyridine 2-amino pyridine

5) Reaction with KOH :

~
S (L=,
=

N
Pyridine 2-hydroxy pyridine
Pyndone
6) Reaction with n-butyl lithium :
+  CyuHglLi -— . LiH
=
N/ N CaHg
Pyridine 2-n-butyl pyridine




Chemical reactions of Pyridine |

7) Reduction :

S O
|/+3H2 N

N b
Pyridine H
Piperidine
8) Oxidation :
| T CH3;COOOH | o=
—

/ e

N N

Pyridine Cl)_

Pyridine oxide




Cndensed eterocycles Indle (Benzoyrrole)

a) Fischer’s Indole Synthesis :

H

A NH,
H

HsC H

Acetaldehyde phenyl hydrazone |

|

H,C H
e A1 PN S
S |
~———————
 NH2 _NH
) )
H H

—_—
-NH;
!
H

Indole




NH,
(|? 0]
I
C—CH,-Br + — C—CH,—NH
Phenacyl bromide Aniline

4O

|
H

2-phenyl indole




Quinoline (Benzopyridine)
a) Skraup Synthesis :

Mixture of aniline , glycerol, nitrobenzene is heated in the presence of
conc. H,SO, and ferrous sulphate for 6 hours fo give quinoline.
Nitrobenzene act as oxidizing agent and ferrous sulphate makes the
reaction less violent.

NH-
THZOH CgHsNO, / Conc. H,SO, X
!
+  GHOH FeSO, /A _
CH,OH N
Quinoline

Aniline Glycerol

Mechanism :

Step -1 : Glycerol undergoes dehydration with H,SO, to give acrolein.

CH>;OH CHO
Conc. H,SO, |

CHOH N — <|3|H + 2 H;0

CHon CH2

Glycerol Acrolein




Step -2 : Addition of aniline to acrolein gives quinoline.

H
) c—o C—OH

= i ]
H

/\g ﬁH - (,ZH o <,3H

NH, El m/ ’ N/ :

. J
Aniline Acrolein 7 Ny &
+ lT o
HO H H—O
\C/ %(l;—H X
H H
L < e —
CH 2
o / /
| ) w
H H H
o
|
C \
\clsH CHsNO,
—_—
_CH, Ol =
. N

I Quinoline



b) Friedlander Synthesis of Quinoline :

O-amino benzene on condensation with acetaldehyde in the presence
of NaOH solution gives quinoline.

0
C—H
NaOH N
+  CH4-CHO —
NH» N/

o-Aminobenzaldehyde Quinoline




Mechanism :

o-Aminobenzaldehyde

T i
H
C—H (|:|—|3 \H éH
e —— [
Y/ -H->,O
7/ 2
NHo o /C—'H
N
lOH_
— @)
cl) (II
CH C\ —
\CHZ H (|:H2
—
- /C—
N/C H NT
Cl)H
CH__ ~x
CHo>
“H,O =
_—=C—H N
Nl

Quinoline



Thank You ......




