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Five Membered Heterocycles: Pyrrole
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http://upload.wikimedia.org/wikipedia/commons/1/15/Pyrrole.png

Pyrrole itself is not naturally occurring, but many of its derivatives are found in a variety

of cofactors and natural products.

Common naturally produced molecules containing pyrroles include vitamin B, ,, bile pigments

like bilirubin and biliverdin, and the porphyrins of heme, chlorophyll, chlorins, bacteriochlorins,

and porphyrinogens.

The syntheses of pyrrole-containing haemin, synthesized by Hans Fischer was recognized by

the Nobel Prize.

Pyrrole is a constituent of tobacco smoke and may contribute to its toxic effects.

2 CHs
CH,
H,C
HSC CH3
0™ “oH o7 OH
vitamin B,,

B. Senapati

COOH

biliverdin


https://en.wikipedia.org/wiki/Cofactor_(biochemistry)
https://en.wikipedia.org/wiki/Natural_products
https://en.wikipedia.org/wiki/Vitamin_B12
https://en.wikipedia.org/wiki/Bilirubin
https://en.wikipedia.org/wiki/Biliverdin
https://en.wikipedia.org/wiki/Porphyrins
https://en.wikipedia.org/wiki/Heme
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Chlorin
https://en.wikipedia.org/wiki/Bacteriochlorin
https://en.wikipedia.org/wiki/Hans_Fischer
https://en.wikipedia.org/wiki/Vitamin_B12

Bilirubin Production

Heme Catabolism

Binds to ferritin

7

NADPH
e + CO— Exhaled
Heme
oxygenase

BILIRUBIN

Biliverdin
reductase

Bilirubin is a pigment produced by breakdown of haemoglobin or other haeme containing proteins.
Bilirubin carried in blood is taken up by liver cells and processed to a form that can be excreted into
the intestine through bile. Bilirubin is partly converted to biliverdin by bacteria in the intestine .

Both bilirubin and biliverdin are excretory products and serve no particular function.
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In Nature

Pyrroles are ubiquitous and important privileged scaffolds amongst the family of five membered N-
heterocyclic pharmacophores which are widely distributed in natural products, medicinal
agents and agrochemical research. Pyrroles are also having broad applications in

electronics, molecular optics and widely used as versatile building blocks in organic synthesis.
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R.E. = 125.6 kJ/mole( ~ 24 kcal/mole); b.p. 131 °C
Source: Coal tar and bone oll.

Preparation: Pyrrole is obtained

i) Industrially it is obtained from furanand NH; /) +  nwg A20s ®
o) 400 °C N
H
1) From 2-butyne-1,4-diol o . A
HOH,C—=—=—CH,0H NH3 Sressure Z/N\S
H

Chemical synthesis:

1. Paal-Knorr synthesis: “ﬁr’.“l% Zﬂ = m 1, 4-dicarbonyl derv.
R

OHHO

+ RNH,
Pyrrole
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Mechanism of Paal-Knorr synthesis:

HS 3
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Method 2.
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type-B enamine o halo ketone

Type A: The pyrrole derv. can be synthesized by using a-amino ketone and a ketone having

protons. But, here N-H is more acidic than C-H so the following compound is formed
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2. Hence, the reaction path is failed to give pyrrole ring. To solve this problem, B-keto ester is

used in place of a ketone which is known Knorr pyrrole synthesis.

P EtO,C
/‘\X\ — ’)j\ + L
N’ NH, 0
R
O amino ketone P keto ester

Pyrrole
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Note: Thereis a problem of dimerization of amino ketone

i I — XX

That can be avoided by the following modifications:

a-amino ketone is replaced by hydrochloride salt of amine instead of free amine
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Me COOH
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Type B: Let us consider the synthesis of pyrrole derv. using B-type synthons i.e. an

enamine and a-halo ketone derv.

CH,

= lg

type-B
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Again, an enamine can be obtained from B-keto ester and NH, as base.

/\NHS
.- EtO,C_ _H EtO,C
EtO,C /“NHS 2 . 2
NH,

o ~HH OH
\4 NH,
enamine

3. Thus HANTZSCH pyrrole synthesis can be achieved by treating a mixture of -keto ester

and a-halo ketone with NH;.
EtO,C

C (@) NH3 /M
/\\l\o ¥ V)J\ N
Br H

Pathway:  Step 1. Formation of enamine from -keto ester
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Step 2. Condensation of enamine with a-halo ketone

EtO,C /\L\Br) i
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» Aqueous JCOEL
d: -0 NH-, reflux —_
2 ‘ ll'-“'.
_CO,Et Me \N/“-Me
»‘

Arthur Rudolt Hantzsch
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If we give a close looks on Knorr’s and Hantzsch synthesis of pyrrole derv. it may be
concluded that the two methods are complementary of each other to give properly

substituted pyrrole derv.
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More about pyrrole synthesis..........

4. Van Leusen reaction
The Van Leusen reaction can be used to form pyrroles, by reaction of tosylmethyl

isocyanide (TosMIC) with an enone in the presence of base, in a Michael addition. A 5-

endo cyclization then forms the 5-membered ring, which reacts to eliminate the tosyl group. The last

step is tautomerization to the pyrrole.
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https://www.wikiwand.com/en/Tosylmethyl_isocyanide
https://www.wikiwand.com/en/Enone
https://www.wikiwand.com/en/Michael_addition

5. Barton—Zard synthesis
The Barton—Zard synthesis proceeds in a manner similar to the Van Leusen synthesis. An isocyanoacetate

reacts with a nitroalkene in a 1,4-addition, followed by 5-endo-dig cyclization, elimination of the nitro
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https://www.wikiwand.com/en/Nitro_group
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1. During Hantzsch synthesis of pyrrole, some amount of furan

derivative is also obtained-----

Why ?

Feist-Benary Furane Synthesis
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Clauson —Kaas pyrrole synthesis
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Base (DABCO) promoted Hantzsch pyrrole synthesis in water:

O
Br \\
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H. M. Meshram, V. M. Bangade, B. E.’ ﬁSHéB,aé'. S. Kumar and P. B. Thakur, Int. J. Org. Chem., 2012, 2, 159



The Hantzsch synthesis has been adapted to the preparation of specific classes of

pyrroles difficult to reach by alternative methods.
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Mechanism:

NaOAc
NH,OAc NH;
)\/ __\D I °
NC._ LA, NC. )J\KDH NC._ .= OEt GIM
- — - —_— e
. OEt OFt OEt
5 6
CM OEt CHN
OFEt aqg. AcOH / \ H
— ( »\( s U\
) NH Y
0 OEt | !
T R‘I O

3

OH OH O

ONH, —™ M

HAND\('\(?\)J\ heat £ 5‘ +2C0, +4HO + NH Mechanism ??

z gly ceral I
O OH OH H

B. Senapati



