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PYRROLE

Properties
1. Aromaticity
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PYRROLE

Pyrrole have 4 C and 1 N . all are sp” hybridized

sp? hybridization is planar. it makes a planar pyrrole ring structure.
Each ring atom also contains unhvbridized p orbital that is
perpendicular to the plane of & bonds (plane of ring).

Here p orbitals are parallel to each other. so overlapping btwn p
orbitals 18 possible.

the total nu of non bonding e- are 6 (4 of four C. 2 from one N)

The resonance of 6 e- follows the Hiickel's rule

So the pyrrole 1s aromatic .
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. Tautomerism

Rapid migration of hydrogen from N to the C.

H
1H-pyrrole 3H-pyrrole 2H-pyrrole

-ﬂH-"‘@’

Hydrogen bonding

OOO

|
H

Intramolecular H-bonding Intramolecular H-bonding
(rise b.p. ) btwn N-H & m- e- system
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PYRROLE

Synthesis

1. From Furans
- Industrial process
- Passing furan over ammonia in presence of alumina as catalyst at

high temp.
@ NHa.izﬂa . ﬂ

. N

f/ \E RNHa, A,O3 _ {/ \} + Ho0
0 b N
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PYRROLE

2. Paal-Knorr synthesis

- 1.4 - Dicarbonyl compounds react with ammonia or primary amines
to give pyrroles.

—<_>— + RNH: -EHZO* /@\

0O 0 |
1.4 - Dicarbonyl =)
compounds

Mechanism

- Successive nucleophilic additions of the amine nitrogen to cach of
the two carbonyl carbon atoms. imine formation and the dehvdration

represent the net course of the synthesis.
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PYRROLE

3. Hantzsch Pyrrole synthesis
- Reaction of a-haloketones with [-ketoesters and ammonia results in

pvrrole
0 COOEt COOEt
XA =1
O

Cl ﬁ
i- haloketones Activated Ketone

Mechanism

COOEt COOE! COOEt
_NHa i . - \
-Hy0

HN) HzN
enamine
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PYRROLE

Synthesis
3. Hantzsch Pyrrole synthesis
®

Q COOEL He H  cooEt

\_./'""L___\ . i

Cl cl
HzN HN

COOE! l COOEt
o B 5
g -
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PYRROLE

Knorr synthesis
Condensation of «- aminocarbonyl component with 2°¢ component
containing an electron-withdrawing group (e.g. an ester) « to

a carbonyl group

. COOEY COOEt
Do U= 5 &

NH2 o H
a- Aminocarbonyl  Activated Ketone
compounds
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‘ PYRROLE
Synthesis

4. Knorr synthesis

Mechanism
0 COOEt © COOE 0 COOEt O y COOE!
Yfa X G- ot
NH; 0 N N N
Ha [:_l
H

|

CODEt COOEL H COOEt 00) COOE!
[ i
HO- HO J H*
N
H H H
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PYRROLE

Reactions

1

Electrophilic substitution
Pyrrole undergoes electrophilic substitution reaction

at 2™ position
;
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2 reasons. ..
(2 attack gives more resonance contributing structures than C3.

Extra stable contributing structure generates upon (2 attack
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PYRROLE

Reactions

|. Electrophilic substitution

Pyrrole undergoes electrophilic substitution reaction
at 2™ position

- Energy diagram shows C2 attack

forms more stable intermediate than
C3

- Hence C2 preferred over C3




PYRROLE

Reactions
|. Electrophilic substitution

N
2-nitro-1H-pyrrole

e " Cﬁ‘so;; @\
N (SO, pyridine) 0

@ ai OH:::}' @‘ch

"\.

N
3 H- pryrmllum ion H
/J\ ..H_.. @ Ca | [/u)\\ cl
© H
2 H- pyrrolium ion
A @\(
BF5 N A
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‘ PYRROLE

Reactions

2. Reduction

/ \ ___Zn HAc T
r.t.
M
H N
2,5-dihydro-pyrrole
Pt, Ha f E
M
H
pyrrolidine
Heteroeyelie Compounds _ AS 2018 _Cirpanle Chemiviev_ Pharmaoy

16



PYRROLE

3. Reimer Tiemann reaction

CHCIy
KOH

1N Zees, _ @ o @\
~ N CCh CHO
N N

1 H+pyrmla+2-+carba%dehyde
(-
aﬂhlamwridine
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PYRROLE

2-ethyl-1H-pyrrole

(2) Hs0* y COOH

H
1H-pyrrole-2-carboxylic acid
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PYRROLE

Medicinal uses
(1) Glyeopvrrolate | anticholinergic drug: used i Peptic ulcer

OH
o]
o CH,

(2) Atorvastatin used 1 management of high cholesterol and high blood
pressure,

QAL I,
O Q
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