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CHM 306

PART C- HETEROCYCLIC COMPOUNDS



INTRODUCTION TO HETEROCYCLIC COMPOUNDS

Cyclic compound having only carbons as the ring members, such as benzene are called carbocyclic
compounds. As only carbon forms the backbone of the ring, it is also a homocyclic compound.

In contrast, cyclic compounds having at least one atom other than carbon as ring members, (e.g.
Pyridine with nitrogen replacing one of the carbon atom) may be termed as heterocyclic compounds.
These atoms are termed as heteroatoms. The structure of benzene and pyridine are provided in the

figure below.

H

H

H H
e l IR
e N
: C ¢ 5\ { 4\C{ Heterocyclic Pyridine
Carbocyclic Benzene | | " | with one
C C o N6 2, @ Nitrogen Heteroatom
7 NEALN AONNE NG




Classification

Based on the structural and electronic arrangement the heterocyclic compounds may be

classified into two categories.
1. Aliphatic heterocyclic compounds
2. Aromatic heterocyclic compounds

Based on the variety of structure, the heterocyclic compounds may also be divided in

to:
3. Five membered heterocyclic compounds
4. Six membered heterocyclic compounds

5. Fused or condensed heterocyclic compounds



Aliphatic Heterocyclic Compounds

SHORONNGEONG

pyrrolidine piperidine morpholine tetrahydrofuran dioxane 2H-pyran  tetrahydropyran
THF [1,4-dioxane]

thiirane
(ethylene sulfide)

aziridine
(ethylene imine)

N azirine O oxirane

L\A [2H-azirine] A (ethylene oxide)

N s
[\ /\
Wl | — | ] —] [ ]
N “—NH —0 —Q0 e & —

azele azetidine 2H-oxete oxetane 2H-thiete thietane




Aromatic Heterocyclic Compounds

pyrrole furan thiophene
| 3 4 ) | %! 4 N 4 N
(i L L 03 L)
| 1 1 ‘ ' - ‘ '
N’ 0” o N 0
H H
pyrazole Isoxazole isothiazole imidazole oxazole

5-membered Ring

thiazole



pyridazine

quinoline Isoquinoline

O

pyrimidine pyrazine

6-Membered Ring

) |
R
_N

(f @
-1'| 27 20
O

pyrylium cation

A
3 '/,N‘
N

1.2 4-triazine
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.||.

N\ \ N\ l ‘

Z ()
]

1 4
N S O
indole benzothiophene benzofuran
[benzo[b]thiophene) [benzo[b]furan]

2,1-benzisoxazole purine
(anthranil) [9H-purine]

2,1-benzisothiazole

cinnoline phthalazine

Fused Ring 7



Nomenclature Of Heterocyclic Compounds

1. Type of Heteroatom

The type of heteroatom is indicated by a prefix as shown below for common

hetreroatoms:
Hetreroatom Prefix
O Oxa
N Aza
S Thia

B Phospha



> The ring size 1s indicated by a suffix. Some of the syllables are
derived from Latin numerals, namely ir from tri, et from tetra,

ep from hepta, oc from octa, on from nona, ec from deca.

Stems to indicate the ring size of heterocycles

Ring size Suffix Ring size Suffix
3 ir 7 ep
- et 8 0C
S ol 9 on
6 in 10 éc



Common Prefix for Heteroatoms (arranged in the preferential order)

S.No Ring Size Unsaturated Ring Saturated Ring

S.No. Heteroatom Symbol Prefix

1 Oxygen O Oxa

2 Sulphur S Thia

3 Selentum Se Selena
4 Nitrogen N Aza

5 Phosphorous P Phospha
6 Arsenic As Arsa

7 Antimony Sb Stiba

8 Bismuth Bi Bisma

9 Silicon Si Silia

1

T o o

co =3 SN n

3

-~ N N

1ren
ete
ole
e
epine
ocine
onine

ecine

Irane
Etane
Olane
Inane
Epane
Ocane
Onane

Ecane

10



According to this system heterocycles are named by combining
appropriate prefix/prefixes. The letter ‘a’ in the prefix 1s omitted

when necessary.

Each suffix consists of ring size root and an ending intended to

designate the degree of unsaturation in the ring.

It 1s important to recognize that the saturated suffix applies only
to completely saturated ring systems, and the unsaturated suffix
applies to rings incorporating the maximum number of non-

cumulated double bonds.

11



AROMATIC HETEROCYCLIC COMPOUNDS

Orbitals

kH Q Q Hw- -
o/ccg

H’“( \Q
3 H

Furan (X = 0)
Thiophene (X =8)
B




For this group of heterocycles, ring strain is of little or no importance. All atoms of these
molecules are sp*-hybridized, lie in a plane thus forming the ring of an almost regular pentagon.

Furan, pyrrole and thiophene are aromatic nt-excessive or electron-rich heterocycles. They
possess 6m-¢lectrons delocalized over the ring, so all of them comply with the Hiickel rule.

Conjugated system includes four electrons of ring carbon atoms and a lone pair of electrons of

heteroatom. Note that in furan and thiophene, the heteroatom has two different types of lone pair
— one involved in the aromatic sextet and the other, in the plane of the ring, in an sp* hybrid
orbital, and NOT involved in the aromatic nt-system.

Since 6m-¢lectrons are distributed between 5 ring atoms, this fact makes them electron
rich systems. The electron density is drifted from the heteroatom towards C-atoms, especially in
a-positions, thus making them casily attacked by clectrophiles.

The structural presentation of the heterocycles follows from the fact that the bond length
between C-3 and C-4 1s greater than that between C-2 and C-3 and between C-4 and C-5, and 1t

complies with the contribution of resonance structures of furan, pyrrole and thiophene.

13



The increase of aromatic character

Electronic structure | s

w2
Electron rich heterocycles B ’§+
* Furan
/"\ - - — e~ I P \
(9) (‘.o)@@ 6(9;) (.c.»’e) [‘.oe)
* Pyrrole ( )N & R
+ Ne No o e
i i e w.
* Thiophene
(/\5 -— (\ Se ol (I,S = LY ¥ L.,
S® S® S® S S

S C)
v d-orbital

participaton
14



Here you see all resonance structures which show the shift of electron density in the ring.
The contribution of each of resonance structure into the real structure of the heterocycle is not
equal. Thus in the case of pyrrole the more stable structures are marked in a blue square. In each
case we see four resonance structures in which there is charge separation, indicating electron
density drift away from the heteroatom.

If the extent of delocalization of the nonbonding electron pair is decisive for the
aromaticity, then the grading of aromaticity, i.e. furan < pyrrole < thiophene < benzene, is
correctly reflected by PAULING'S electronegativity values for oxygen (3.5), nitrogen (3.0) and
sulfur (2.5). The other factors increasing the aromaticity and stability of thiophene are the greater
atomic radius of sulfur and the presence of d-orbital. So, in this trio of heteroaromatic systems,
thiophene is the ‘most aromatic’ — the most like benzene — and furan is the ‘least aromatic’ — the

most like a 1,3-diene.

15



Important Heterocyclic
Compounds

- Pyrrole: Component of hemoglobin

- Furan: Found in essential oils

- Thiophene: Used in electronic materials
- Pyridine: Base in organic synthesis



AROMATIC HETEROCYCLIC
COMPOUNDS

A. PYRROLE



PYRROLE

1. Pyrrole and simple alkyl-pyrrole are simple liquids with relatively weak odour as

aniline. @
2. Pyrrole was first isolated from coal tar in 1834. i
3. It is a five membered compound with molecular formula C,H:N.

4. The Study of Pyrrole came into existence from the degradative work of the “Haem”
and “Chlorophyll” synthesized from “Porphobilinogen”

5. All the 4 carbon atom as well as N is SP? Hybridized (N- SP?= 1e-+SP?=1e+SP?= 1le" +
P=2e") with planar geometry.

6. The lone pair on its nitrogen is not readily available, it participates in delocalization, it
is an aromatic compound with 4n + 27 electrons. It is acidic and fairly basic.

7. Exhibits considerable aromatic character, its resonance energy is about 100 kJ/mol
compared to that of conjugated diene 12.5 kJ/mol

8. Pyrrole ring also occur in other natural compounds like pyrrole ring like chlorophyll of
plants, nicotine, chalcone, vitamin B12, morphine and naturally occurring alkaloids.



’ 2 (o)
N
| Lone Pair Electrons
H

Pyrrole Nitrogen

6 11 Electrons Delocalized electron cloud above and below the pyrrole ring

Derivatives of Pyrrole are 4-hydroxyl pyrroline carboxylic acid, pyrrole-2-carboxylic acid,

HO COOH

i Yo
; N
| @)

4-hydroxyl pyrroline
carboxylic acid Pyrrole-2-carboxylic acid



Stability of Pyrrole

r
\ / \ [ A R ‘y\, /’.
/ \\ /4 : \J \ (-’\\ / ~|‘..
& — W [ NS oL > ) > L
Napr ¥ Y b W4 R 4
N N N N N
H H

The higher the resonance structure of pyrrole, the higher its stability. All the carbon atoms
on pyrrole are electron rich i.e have higher electron density, while the nitrogen is highly
electropositive. Thus, Pyrrole is highly susceptible to electrophilic substitution because all
the carbon atoms are highly electron rich, but position 2 is more prone to electrophilic
attack. The a-position is more susceptible because all the electrons are enhanced to move

towards the positively charged nitrogen atom. The a-position has higher canonical

structure than the B-position. However, when substitution takes place on the nitrogen
atom, and hence it is said to be nucleophilic.



SYNTHESIS OF PYRROLE

The most obvious route to pyrroles, furans and thiophenes involves the use of 1,4-

dicarbonyl compound. It is a general protocol called the Paal-Knorr synthesis.

When treated with concentrated sulphuric acid, polyposphoric acid or other dehydrant

agent 1,4-dicarbonyl compounds undergo cyclodehydration yielding 2,5-substituted furans.

To change this strategy into a thiophene or a pyrrole synthesis, all that is necessary 1s to
expose 1,4-dicarbonyl compounds to the N-source reagent (ammonia and primary amines) or S-
source reagent (P4S1o or Lawesson’s reagent).

Furan, pyrrole and thiophene can be converted into one another under catalytic conditions

and at high temperatures. The reaction 1s named after the Russian chemist Yuryev.



1. Paal-Knorr synthesis

Universally applicable synthesis. 1,4-Dicarbonyl compounds react with ammonia or primary
amines (or with ammoniom/alkylammonium salts) in ethanol, acetic acid or toluene to give
corresponding pyrroles. The process represents nucleophilic addition with the following
elimination.

H
2 NH OH OH N
= - O=(—¥R2 — 5 : | )—R2
R1 o) ™ e R2 H rv/— R r"” N
(0] PhH, reflux UHz L) NH VR1 N H

For the synthesis of unsubstituted pyrrole derivatives the 2,5-dimethoxytetrahydrofuran is

used
A~ NH_
@ MeO,C~ NH, O @
D_OMe - \
MeO O

O

-
'\{\COZMe PhMe, reflux

Laboratory method (from ammonia salt of mucic acid)

® o H OH
- @
NH4O - 9 NH, il ’r: +CO, + Hy0
O OH OH -NH3 H



MECHANISM OF PAAL KNORR SYNTHESIS OF PYRROLE

R? R’
4
R1m 4 /H\ZN > R1(§<R —
b i NER®
. '\>®
H ~>H

@ H2 . Od\‘\R5

R2 R3H
R1 R4 lel — R1 R4
R NH—RS TH0
ON
H R°




Since the Paal-Knorr synthesis 1s universally applicable we demonstrate its mechanism
using the formation of the pyrrole ring as an example. The process represents nucleophilic
addition of ammonia or primary amines (or with ammonium/alkylammonium salts) to 1,4-
dicarbonyl compounds resulting into the double hemiaminal 1 which by the following
elimination of water yields pyrrole 3 via enamine formation.

For the synthesis of wunsubstituted pyrrole derivatives instead of unstable
succindialdehyde 2,5-dimethoxytetrahydrofuran is used.

In the laboratory you can still use a simple and effective method for the synthesis of N-

substituted pyrroles starting from ammonium salts of saccharic acids.



2. Knorr synthesis 1or pyrroile

Consists in reaction of a-amino ketones with B -keto esters or B -diketones

OOEt

COOEt R
\ 3
f P Gl § =

. olles
R H

carbonyl compounds that has methylene group i.e. active methylene group.

COOEt COOH
0 , COOR aq. KOH A / \
Z X\COOH “ATday 7\— —/< COOH le + CO;
|

For example:

NHs*CF 07 “CO,Et

The presence of the base helps in hydrolysis and in the removal of the acidic proton.



Cyclocondensation of a-amino ketones with B-keto esters or B-diketones 1s known as the
Knorr synthesis of pyrrole. The use of a free amino ketone 1s problematic, its dimerisation gives
a by-product dihydropyrazine. The problem can be overcome by using amino carbonyl
compound in an N-protected form, as a protonic salt for an example or as more frequently, o-
amino ketones are generated in situ by reduction of o-oximo ketones obtained via nitrosation of
ketones with alkyl mitrites. The classical variant of Knorr synthesis and its mechanism is

demonstrated.



3. Hantzsch Pyrrole Synthesis

Three-component cyclocondensation

reaction

of

compounds, 3-keto esters or B-diketones and ammonia or primary amines.

Oﬁjooﬁ
R1LCI + R-NH- +

R2
COOR3
—_— A@'RZ O
-HCI R1 o NHR -H,0
RLLG  \ COOR3
| -
A
F'{ -H,O

-H,0

o

a-halocarbonyl
COOR3
N |
2
R' w A
R <l

C-alkylation and
cyclization

N-alkylation and
cyclization



Another way for the synthesis of the pyrrole system is a modified version of the Feist-
Benary method called Hantzsch synthesis. Hantzsch synthesis represents three-component
cyclocondensation of a-halocarbonyl compounds with B-keto esters or B-diketones and ammonia
or primary amines. The regio-selectivity depends on the substituents in the starting material. It
was proved that the first step is the formation of B-aminoacrylic ester 1. The further C-alkylation
of it by the haloketone gives 1,2,3,5-substituted pyrrole, while N-alkylation yields 1,2,3,4-
substituted pyrrole.

4. FROM FURAN

Industrially pyrrole is prepared by passing a mixture of furan and ammonia over alumina over
400° C.




PROPERTIES OF PYRROLE

Physical Properties:
1. Pyrrole is a colorless liquid with boiling point 131° C.

2. It is highly sensitive to air, when pyrrole is exposed to air
it turns brown and gradually resinifies.

3. Pyrrole is slightly soluble in water but completely
miscible in ether and ethanol.

Chemical Properties:

Pyrrole is an aromatic compound and more reactive than
benzene. Because of the aromatic nature pyrrole gives all
characteristic reactions (electrophilic substitution
reactions) of aromatic compounds such as halogenation,
nitration, sulphonation, Friedel-Crafts reactions etc



ELECTROPHILIC AROMATIC SUBSTITUTION OF PYRROLE

Attack at position C-3:

4 T TN\
5 // \gz e
§1

H

49@

Attack at position C-2:

E= electrophile

<—>@ — >
i\B} E ?TI E \ﬁ E

H

/

)

-H

/

L2

-_H;/"

2

\

1. Attack at C-3 give 2
while at C-2 gives 3
resonating structures;
2. the intermediate
(the resonance
stabilized carbocation)
obtained by the
approach of the
electrophile at C-2 is
more stable than that
of C-3.

E

m sm &H @ §




® —
(5 v o —
N H N -
H H

(1)

E E

[ s v [ S
N N
H H

(2)

When position 2 is occuppied, the electrophile picks position 3




Electrophilic Substitution Reactions of Pyrrole

Pyrrole is more reactive than benzene due to the presence of the nitrogen a
tom in its 5-membered ring.

1. Nitration: milder reagents such as conc. HNO; in acetic anhydride are
used instead of the normal nitrating agents which are too strong for

pyrrole leading to the formation of tars. NO,
N\ C. HNO, . (\g
Q (CH,CO) 20 (>\N02 N
v I Traces (6 -7 %)

H
2- mtropyrrole

2. Sulfonation: milder reagents like pyridinium sulphonate is used to avoid
polymerization under vigorous condition.

@"@—’@\80’“@
! L IRPRN

2-pyrrolesulfonic acid



3. Friedel Craft Acylation: Pyrrole react with acetic anhydride to form 2-acetylpyrrole
without the need of a catalyst.

\
D +  (CH3CO),0 o (N\>\COCH3
!
H

N

H

4. Halogenation: Pyrrole reacts with halogens [X, (X, = Cl,, Br, and |,)] to give

tetrahalopyrrole. Br Br
[\ + s -/ \
. Br . Br
N N
H H
Pyrrole 2,3,4,5-tetrabromopyrrole

Other reactions of pyrrole include oxidation, reduction, diazotization etc.



2. Oxidation: (i.) pyrrole is oxidized to form maleimide which is further reduced to
fom pyrrolidine (ii) oxidized with KMnO, gives its carboxylic acid.

i C .. j CrO5;+H,SO, O . O
. N N
H H

Pyrrole Pyrrole-2,5-dione (Malecimide)
@\ KMnO, {/ \\
CH
N 3 N COOH

i, , |
H

3. Reimer-Tiemann Reaction: it reacts with chloroform in the presence of a strong

base to form 2-formylpyrrole I\ o ocme xou, )N 9

I

.o C-H
N N

H H

Pyrrole 2-Formylpyrrole

4. Diazo Coupling: Pyrrole react with benzenediazonium chloride to form 2-

phenylazopyrrole. N, CF @
+ = N=N— |
- L Ot
H H

Benzene diazonium chloride 2-phenyl azo pyrrole (a dye)




5. Reaction with carbene to give pyridine chloride.

Cl
Cl
[\ / Cl
+ CCl,
IT] dichloro r?‘ -
H carbene H pyridine

chloride

6. Reduction: Pyrole can be reduced by catalytic hydrogen i.e. H,/Ni or H,/Pd, Zn/Acetic
acid. Pyrole is partially reduced to pyroline, further reduction give pyrolidine.

@ H,/Ni _ @ Ho/Ni O

N ) N
|
H H H

pyrole pyroline pyrolidine




NUCLEOPHILIC REACTIONS OF PYRROLE

The 2/a-position is more susceptible because all the electrons are enhanced to move
towards the positively charged nitrogen atom. However, substitution takes place on the
nitrogen atom, and hence it is said to be nucleophilic, examples are reaction of pyrole
with acetylenes and other unsaturated compounds e.g. acrylonitrile, acetylene, etc. in
the presence of alkaline metal catalyst like sodium or potassium.

N acrilonitrile ethyne |
|
H HC »
CHZCN CH.
ethylonitrile pyrrole ethene pyrole

(N-ethylcyano pyrrole)
, _ . B. Reaction with acetylene
A. Reaction with acrylonitrile



I
H

MgBr
magnesium bromide
pyrrole
N e T\, [\
—— —_— .. CH3
N N N
\ Qo)
MgBI’ H
magnesium bromide 2-methylpyrrole
pyrrole

/ \/\ R

| traces of
H N-acetylpyrrole

C. Reaction with Grignard reagent/alkyl lithium



ASSIGNMENT

Describe the synthesis of pyrrole from bone oil.

Draw the complete mechanism of the Paal Knorr synthesis of Pyrrole using a
named 1,4-dicarbonyl compound with ammonia.

. Explain why electrophilic substitution occurs preferentially at the a-position.
. Discuss the biological significance of pyrrole-containing compounds.



Pyrrole: An Aromatic Heterocyclic Compound
1. Introduction

Pyrrole is a five-membered aromatic heterocyclic compound containing one nitrogen
atom. Its molecular formula is C4HaNH, and it is classified as an azole. Pyrrole is the
foundational unit of many biologically important molecules, including heme (in
hemoglobin), chlorophyll, and vitamin Bi-.

2. Structure and Aromaticity
Pyrrole has a planar, five-membered ring with the following structure:

o Four carbon atoms and one nitrogen atom form the ring.

o The nitrogen atom contributes its lone pair of electrons into the n-system.

o This gives pyrrole a total of 6 n-electrons (4 from the two double bonds + 2
from nitrogen's lone pair), satisfying Hiickel's rule (4n + 2, where n = 1).

Because the nitrogen lone pair is delocalized into the ring, pyrrole fulfils the
conditions for aromaticity:

Cyclic structure

Planar molecule

Fully conjugated (alternating single and double bonds + lone pair)
Obeys Hiickel's rule (6 m-electrons)

B W N =

3. Stability and Resonance
Pyrrole is stabilized by resonance. Five canonical structures can be drawn:

o The lone pair on nitrogen is delocalized across the entire ring.

o This delocalization makes all carbon atoms electron-rich (high electron
density).

o The nitrogen atom, by donating its lone pair into the ring, becomes
electropositive (electron-deficient relative to a typical amine).

Key consequence: Because nitrogen donates electrons into the ring, pyrrole is a much
weaker base than typical amines (pKa of conjugate acid = —3.8). Protonation on
nitrogen would destroy aromaticity by removing the lone pair from conjugation.

a vs. B Positions
The ring has two types of positions:

o a-positions (C-2 and C-5): Adjacent to nitrogen



o B-positions (C-3 and C-4): Further from nitrogen

Electrophilic attack at the a-position generates an intermediate stabilized by 3
resonance structures, while attack at the P-position generates only 2 resonance
structures. Therefore, Electrophilic substitution is strongly preferred at the a-position
(C-2). When C-2 is already occupied, the electrophile attacks C-3 (the B-position).

4. Physical Properties

Property Value/Description
Appearance Colorless liquid
Boiling point 131°C
Air sensitivity Turns brown on exposure to air; gradually resinifies
Solubility in water Slightly soluble
Solubility in ether/ethanol|Completely miscible
Odor Characteristic, chloroform-like

S. Synthesis of Pyrrole

5.1 Paal-Knorr Synthesis

The most important and widely used method.

Reagents: A 1,4-dicarbonyl compound + a primary amine (or ammonia)

Reaction:

R-CO-CH,-CH,-CO-R’ + NH; -2 Pyrrole + 2H,0

A classic example uses acetonylacetone (2,5-hexanedione) with ammonia to give
2,5-dimethylpyrrole.

Mechanism of Paal-Knorr Synthesis:

1. Step 1 — Nucleophilic addition: The amine (NHs) attacks one of the carbonyl
carbons of the 1,4-diketone, forming a hemiaminal (carbinolamine).

2. Step 2 — Dehydration: Loss of water forms an imine (Schiff base)
intermediate.

3. Step 3 — Intramolecular cyclization: The imine nitrogen attacks the second
carbonyl group intramolecularly, forming a 5-membered ring hemiaminal.



4. Step 4 — Second dehydration: Loss of a second water molecule forms the
dihydropyrrole.
5. Step 5 — Tautomerization/aromatization: The ring aromatizes to give pyrrole.

5.2 Knorr Pyrrole Synthesis

Uses an a-amino carbonyl compound (e.g., ethyl glycinate or an a-aminoketone)
condensed with a B-ketoester or active methylene compound.

o The a-amino group reacts with the active methylene group.

o Cyclization and dehydration yield a substituted pyrrole.

o This method is particularly useful for preparing pyrroles with specific
substituents at defined positions.

5.3 From Furan (Industrial Method)

Reagents: Furan + ammonia, passed over alumina (Al2Os) catalyst at 400°C.

AL, 034, 400°C
Furan + NH; ————— Pyrrole + H50

The oxygen in furan is replaced by the nitrogen from ammonia. This is the primary
industrial route to pyrrole.

5.4 From Bone Oil (Runge's Method)

Pyrrole was first isolated from bone oil (a product of the destructive distillation of
bones). It was identified by the characteristic crimson-red color it produces when a
pine chip moistened with hydrochloric acid is exposed to its vapors — the pine-chip
test. In modern contexts, pyrrole can be fractionally distilled from bone oil, though
this is not a practical synthetic route.

6. Chemical Properties and Reactions

Pyrrole is more reactive than benzene toward electrophilic aromatic substitution
(EAS) because the ring is electron-rich due to nitrogen's lone pair donation.

6.1 Electrophilic Aromatic Substitution (EAS)
Principle
Electrophiles preferentially attack the a-position (C-2) because:

o The intermediate arenium ion (Wheland intermediate) at C-2 is stabilized by
3 resonance structures.



o At C-3, only 2 resonance structures stabilize the intermediate.
o When C-2 is blocked, substitution occurs at C-3 (B-position).

Note: Strong acids and strong reagents must be avoided because pyrrole
polymerizes under acidic conditions (the nitrogen lone pair is not available for
protonation since it is in the aromatic system — forcing protonation destroys
aromaticity and leads to polymerization/tarring).

A. Nitration

o Reagent: Conc. HNO:s in acetic anhydride (mild conditions)

o Product: 2-nitropyrrole

o Normal mixed acid (HNOs/H2SO4) is avoided as it is too strong and causes
decomposition/tarring.

B. Sulfonation

« Reagent: Pyridine—SOs complex (pyridinium sulfonate) — a mild sulfonating
agent

o Product: Pyrrole-2-sulfonic acid

o Concentrated H>SOa4 is avoided because it causes polymerization.

C. Friedel-Crafts Acylation

« Reagent: Acetic anhydride (no Lewis acid catalyst needed)
o Product: 2-Acetylpyrrole
o Pyrrole is reactive enough that no catalyst is required, unlike benzene.

D. Halogenation

o Reagent: Xz (Clz, Brz, or I2)

o Product: Tetrahalopyrrole (all four positions halogenated)

o Pyrrole is so reactive that monohalogenation is difficult to control; all four
ring carbons are halogenated under normal conditions.

« Controlled conditions can yield 2-halopyrrole.

6.2 Oxidation
i. Oxidation to Maleimide:

Pyrrole 1s oxidized (e.g., with H20O: or peracids) to give maleimide, which can be
further reduced to succinimide or to pyrrolidine.



Pyrrole "9, Maleimide —— Pyrrolidine

ii. Oxidation with KMnOQOxq:

Gives the corresponding carboxylic acid (ring opening or side-chain oxidation
depending on substituents).

6.3 Reduction
Pyrrole undergoes catalytic hydrogenation:

« Partial reduction (H2/Ni or Zn/acetic acid): Gives 2-pyrroline or 3-pyrroline
(one double bond reduced)

o Complete reduction (H2/Ni or H2/Pd under pressure): Gives pyrrolidine (fully
saturated, no longer aromatic)

Pyrrole M, Pyrroline LN Pyrrolidine

6.4 Reimer—Tiemann Reaction

« Reagents: CHCL; + strong base (KOH)

o Product: Pyrrole-2-carbaldehyde (2-formylpyrrole)

« Mechanism involves formation of dichlorocarbene (:CClz) which attacks the
electron-rich ring at C-2.

6.5 Diazo Coupling

« Reagent: Benzenediazonium chloride (CsHsN2"Cl")
o Product: 2-Phenylazopyrrole (an azo compound)
o The electrophilic diazonium ion attacks the a-position.

6.6 Reaction with Carbene

o Pyrrole reacts with dichlorocarbene (:CCl2) to give pyridine (ring expansion)
via the Ciamician—Dennstedt rearrangement.

7. Nucleophilic Reactions of Pyrrole

Although pyrrole is primarily known for EAS, N-substitution reactions involve
nucleophilic behavior of the nitrogen:



When treated with strong bases (e.g., sodium or potassium metal), pyrrole forms the
pyrrolyl anion (pyrrolyl potassium/sodium), which acts as a nucleophile at nitrogen.

A. Reaction with Acrylonitrile

Pyrrole + CH; = CHCN KO, N-(2-cyanoethyl)pyrrole

The pyrrolyl anion attacks the electrophilic carbon of acrylonitrile (Michael addition
at nitrogen).

B. Reaction with Acetylene
K/Na .
Pyrrole + HC=CH —— N-vinylpyrrole

C. Reaction with Grignard Reagent / Alkyl Lithium

Pyrrole reacts with Grignard reagents (RMgX) or organolithium (RL1) to form N-
metallated pyrroles, which are useful synthetic intermediates. The N-H proton is
acidic enough (pKa = 17) to be removed by strong organometallic bases.

8. Derivatives of Pyrrole

Derivative Notes
zégole—}carboxyhc Found in nature; decarboxylates readily on heating
4-Hydroxy-L-proline Related amino acid found in collagen

: Tetrapyrrolic macrocycles; basis of heme and
Porphyrins chlorophyll
Indole Benzo[b]pyrrole; found in tryptophan
Bile pigments Bilirubin and biliverdin contain pyrrole units

9. Biological Significance of Pyrrole-Containing Compounds
The pyrrole ring is one of the most biologically important structural units in nature:
Heme (Hemoglobin and Myoglobin)

o The heme group is an iron-containing porphyrin — a tetrapyrrolic macrocycle
where four pyrrole rings are linked by methine bridges (=CH-).



o Heme is the oxygen-carrying unit in hemoglobin (blood) and myoglobin
(muscle).
o The iron(IT) center coordinates with oxygen reversibly.

Chlorophyll

o The chlorophyll molecule (central to photosynthesis in plants) contains a
magnesium-porphyrin (magnesium coordinated within a modified tetrapyrrole
called a chlorin).

« Responsible for the green color of plants and the capture of light energy.

Vitamin Bi2 (Cobalamin)

o Contains a corrin ring — a modified tetrapyrrole with cobalt at the center.
« Essential for DNA synthesis and neurological function.

Bile Pigments

« Bilirubin and biliverdin are open-chain tetrapyrroles formed from the
breakdown of heme.

« Bilirubin gives bile its yellow color and is responsible for jaundice when
elevated in the blood.

Amino Acids and Proteins

o Tryptophan contains an indole ring (benzo-fused pyrrole) and is an essential
amino acid.

« Proline and hydroxyproline are pyrrolidine-containing amino acids critical to
the structure of collagen (the most abundant protein in the human body).

Porphyrias

« Disruptions in porphyrin (pyrrole-based) biosynthesis lead to diseases called
porphyrias, characterized by accumulation of porphyrin intermediates,
causing photosensitivity, neurological symptoms, and other effects.

10. Conditions Required for Aromaticity (Summary)
A compound is aromatic if it satisfies all of the following:

1. Cyclic — The molecule must be in a ring.

2. Planar — All atoms in the ring must lie in the same plane (sp? or sp
hybridization).

3. Fully conjugated — Every atom in the ring must contribute a p-orbital to the
n-system (continuous conjugation around the ring).



4. Hiickel's Rule — The number of n-electrons must equal 4n + 2, where n = 0,
1,2,3...

For pyrrole: 6 n-electrons (n = 1) with all conditions met.

(see all structures and mechanisms in the lecture slide)



AROMATIC HETEROCYCLIC
COMPOUNDS

B. DIAZOLES (Pyrazole and
Imidazole)



DIAZOLES- PYRAZOLE AND IMIDAZOLE
N
[h ()
' T

H H
pyrazole Imidazole

1. Pyrazoles are 1,2-diazoles while imidazoles are 1,3-diazoles.

2. Both of them are aromatic because they obey the Huckel’s (4n+2)mt rule,
therefore the lone pair of electrons on the imino nitrogen atom are involved in
aromaticity (aromatic stabilisation). However, they are more basic than pyrole
because the lone pair of electrons on their other nitrogen atom (azo methine

group) are readily available for basic reactions.



Tautomerism in Diazoles

Tautomerism is more expressed in pyrazole

the N-position.

4 5
/ \ \dE than imidazole. Moreover, position 3 and 5
5 /N 2 N 5 3 (8 /N1—H are identic.:a.ul i.e. for unsubstituted pyrazole at
N N>

A
H

9 [\1|H In imidazole, position 4
/ and 5 are identical i.e. for
[ ) 2 —— gl /) 2 non-substituted
N3 imidazole.

H

Both pyrazole and imidazole are basic but imidazole is more basic than pyrazole, because of the
proximity of the nitrogen atoms in pyrazole, which by the inductive effect hold the lone pair of
electrons on nitrogen firmly, therefore making it less basic than imidazole.



DERIVATIVES OF PYRAZOLE AND IMIDAZOLE

1. Pyrazole derivatives have been isolated from water melon seed known as B-[1-pyrazolyl]
alanine. Pyrazolone, Antipyrine are also derivatives. Antipyrine is derived from pyrazolone

and used as an antipyretic.

Y i—\— f(
N~ 0O N~y O N~H
LW/COOH | |

H Ph

NH ' |
B—[1-pyraony|]a|anine pyrazolone antipyrine

2. Imidazole derivatives include histidine, histamine, metroimidazole, allantoin e.t.c.

H
00C o
NH
NN RN Y B )
) N) O,N N)\ H,NOCHN N O
N H
| | |
H H CH2CH20H Allantoin

histidine histamine metroimidazole



SYNTHESIS OF PYRAZOLE AND IMIDAZOLE

1. Pyrazoles: can be obtained from 1,3-dicarbonyl compounds. The 1,3-dicarbonyl
compounds react with hydrazines or methylhydrazines in the presence of a base to give
pyrazoles.

Et
Et._O
NaOH [\
O + H,N-NH,/H,SO - N
\if 2 2 1 F1250y H,0 Et N
Et h

2. Imidazoles: can be prepared from a-halocarbonyl compounds. imidazole is formed upon
heating the a-halocarbonyl compounds with ammonia and formamide.

Hjo + NH; + H/l(J)\ - qg
H

Cl NH,



Mechanism: displacement of halogen atom by ammonia to form a-amino carbonyl
compounds followed by attack by the formamide

. H__O O "’\ N
j\ o N \E DN NH2 ~2H,0 [ \>
6? 2NH3 NH2 H2N -~ N
\_/)':O H

H

B. Imidazole from a-aminocarbonyl compounds. This compound condenses with thio-
cyanate ion to form imidazole-2-thiones. Desulphurization takes place to get the imidazole.

O _H NH N
T + NaCNS — // )*s \>
N
N N

NH,
iImidazole-2-thione Imidazole




Mechanism:

O

NH
HNO; //
>
oxidation SO,H

|

I

NH



Electrophilic reaction of Pyrazole and Imidazole

Nitration

HNO
N\ e N | Y e )
N H2S0, / N H2504 N
N '}I | |
8 . T
4-Nitropyrrole 4(5)-Nitroimidazole
Sulphonation
HO5S N HO3S
Y, s B Iy 2 )
N > H2SO4
% H>SO,4 /
N \ \
N H \
4-pyrrole sulphonic acid 4(5)-imidazole sulphonic acid

Position 4 is readily used for electrophilic substitution reaction in pyrazole while 4 and 5 which
are identical in imidazole are used. Electrophilic substitution in pyrazole and imidazole require
strong reaction condition because they are not as susceptible towards electrophilic reactions as

pyrrole.



Nucleophilic reaction of Pyrazole and Imidazole

1. Imidazole and pyrazole reacts with Grignard’s reagents to form N-magnesium
bromide imidazole/pyrazole.

[& MeMgBr »[& (/\\N MeMgBr »[_/\\N
| | | |

H MgBr H MgBr

Imidazole

Pyrazole
The two products are good synthetic intermediate which can be used to form a lot of

chemical compound derivatives of imidazole and pyrazole.

N N
// ) cicoet /[ )
N Ethylchloro N Imidazole-N-ethylmethanoate
| formate | (Imidazole-N-ethylformate)



Both of them can also react with N-butyllithium followed by CO, in acidic medium to form
pyrazole-5- or imidazole-2-carboxylic acid

( ) (i) N-BuLi ( )\ ( \ _(O)N-BuLi_ (/ \\l\|
co, COH e (n)co, HO.C™N\,

(iii) H” (iii) H' H

H H

Imidazole Pyrazole

2. Imidazole react with ammoniacal silver solution to form silver salt.

N N
[ 3 oo ()

N ammoniacal N
Ag”*

liquid
H



ASSIGNMEN

1. Give 5 examples of 1,3-dicarbonyl compounds (with structures).

2. a. Write the mechanism for the reaction of a named 1,3-dicarbonyl
compound with hydrazine/H,SO, in the presence of NaOH.

b. What is the name of the product formed?.



AROMATIC HETEROCYCLIC
COMPOUNDS

INDOLE



INDOLE

1. Indole is an aromatic heterocyclic organic compound with formula CgH,N. It is a Fused bicyclic
system of benzene + pyrrole.

2. The name Indole is a combined name of the words “indigo and oleum”, since Indole was first
isolated by treatment of the indigo dye with oleum. Indigo can be converted to Isatin and then to
Oxindole.

3. Indole is widely distributed in the natural environment. It is found in coal tar and in essential oils
(Jesamine oil, orange oil) of many plants. The pure form of Indole has very pleasant smell and this is
the reason it is used as a perfumery base.

4. Indole was first synthesized in 1866, when Adolf von Baeyer reduced Oxindole to Indole using zinc
dust.

4. Indole and its derivatives are being extensively used in medicinal and pharmaceutical industry.
5. The IUPAC name of Indole is 1H-benzo[b] pyrrole, it is being the b-face benzo-fused isomer.

6. Indole is a m-excessive aromatic heterocycles with ten m-electrons since it follows the Huckel’s rule
(i.e. 4n+2m electron rule) for n=2.

7. All the ring atoms in Indole are sp? hybridized. It is a Planar and conjugated structure with the
nitrogen lone pair contributes to its aromaticity.

8. Indole is Colorless to pale yellow crystals, it has melting point between 52-54 °C and Boiling point
of 253—-254 °C.



Some molecules with indole moiety include tryptamine, tryptophan, serotonin e.t.c

N
\ .
H H 2 Serotonin

CO,H
MeO N
COOH NH, \ HO 4
NH
) N \ <o \
N

tryphtophan tryptamine indomethacin

Some important indole drugs are Indomethacin, Sumatriptan, Reserpine, Vincristine
and Vinblastine



STRUCTURE OF INDOLE

Structures IV, V and VI involve the formation
of a nonbenzenoid system in which the
aromaticity of benzene ring is not retained.

Hence, these structures contribute less in the
resonance.




Synthesis of Indole

1. Fischer-Indole synthesis: This is the most widely used method for the synthesis of Indole.
It involves an acid (Lewis acid) catalyzed rearrangement of a phenylhydrazone of an aldehyde
or ketone, with the elimination of a molecule of ammonia. The conventional catalysts used
in this process are zinc chloride, polyphosphoric acid or a Lewis acid (BF;) at 180 °C.
Synthesis of 2-methyl indole can be achieved by taking the phenylhydrazone of acetone. The
starting material arylhydrazones can be obtained from aldehydes, ketones, keto acids, keto
esters and diketones. The reaction is as shown below

H,C._ _CH, H,C._ _CH,
\”/‘_ ©\ Y T \( NH, ®CH3
N _NH NH ;
N~ N 2 %I
H H

2-methyl-1H-indole

O\ N Zncl, m + NH;
N \j/ 180°C N
H H

Acetone phenylhydrazone 2-methylindole




Mechanism of Fischer- Indole synthesis: takes place by acid catalyzed rearrangement of the
tautomeric form of the starting phenylhydrazone as shown below:

tautomerism _ H H* N
_N < _N__CH, - .
” Y u \f catalyst L NH

M
imine enamine
H HH H
N — O e Cen
— NH, N (NH, N
NH H H

2-methyindole

If we use a non-symmetical hydrazine, then we can form two different products

‘ ’ : H
N tautomerism _ ©\ ©\ N
N/ jA = _ \’/\ or N/ T.‘/\
H H

N
H

ZT

2,3-dimethylindole 2-ethylindole



2. Madelung Synthesis: cyclic dehydration of an acetyl or acyl o-toludine in presence of a
strong base and at high temperature.

CH, . _

©E /(l)l\ K t-BuO @
N H N
H

H

N-o-tolylformamide Indole

e O Qg O
S g

-~

butoxide at 250°C. o

CHs;
/U\ NaNH, AN
CHs //}' /g N
N (@]
NH, 2-methylindole
ortho-toluidine
250°C N
H

N
H
2-phenylindole



3. The Bischler’s synthesis: This method involves the reaction of an aryl amine and a-

haloketone or a-haloaldehyde in presence of zinc chloride under thermal or heating
condition (reflux).

CHj
CH
> 2NHCI N\
+ CH;
~ reflux
NH, N
aniline  3-bromobutan-2-one 2,3-dimethyl-Indole
Mechanism
O+ _CH; O‘\
+
.. 'HBr r?. \@ H
NH, isy CH; g

Tautomerlzatlon

CE\&% @[{%gj
N
H



4. Reissert Synthesis: involves the base catalyzed condensation of o-nitrotoluene with oxalic
acid ethyl ester (diethyl oxalate) in presence of strong base like sodium ethoxide. This con-
densation leads the formation of onitro-phenylpyruvate which on hydrolysis gives the corres-

ponding acid. The resultant acid on reductive cyclization in presence of Zn/CH;COOH yields
the Indole.

CH,
. COOCH;s 1.CoH50" Na*> N\
+
NO, 3. Zn/CH;COOH H
o-Nitrotoluene  diethyl oxalate Indole

Mechanism
C’)Hso 7

CH, ) OC,Hs
C,H;0"Na Na*
/ OC,H;
OC,H;
_ C,H;0H
@:}
H

C 0
Zn/CH;COOH]
4 \ COOH=
C()2 O/ OC2H5
N NO,



Electrophilic Substitution of Indole
Electrophilic substitution in Indole takes place preferentially at C3. Because the lone pair of
electrons on the nitrogen of the indole is not readily available, indole like pyrrole is a very
weak base. However, if position 3 is occupied, position 2 can accommodate an electrophile.

H H
e gt getge
N N ®
H H N N
H

L 3H-indolium cation4
Most stable

H
+ ® E
0= | 0 | == -
N H

1. Bromination: Indole undergoes bromination at very low temperature (0°C) in dioxane. The
bromination occurs at C3 position. Br

e rE @f%
N N

H



2. Nitration: Indole undergoes nitration in presence of ethyl nitrate at low temperature (O -
5°C). Nitration of Indole also occurs at C3 with the similar mechanism as discussed above.

NO,
N
H i

3. Sulphonation: Sulphonation of Indole is carried out only under milder conditions using

pyridine-sulphur trioxide complex in order to minimize the acidity of the reagent.
SO;H

N N
H

H

4. Friedel crafts alkylation: Indole undergoes alkylation at C3 position with alkyl iodide in
N,N-dimethyl formamide (DMF) or dimethyl sulphoxide (DMSO) as solvent to give skatole.

DMF/QOOC

2,3- dlmehyllndole

3- Methylmdole (2-Methylskatole)
(Skatole)



5. Acylation

Acetic acid and acetic anhydride will react with indole to form 3-acetylindole and N-acetylindole.

Ac Ac
\ \ \
H H Ac

140°C
3-acetyl N-acetyl-3-acetyl
indole indole
(traces)

Indole can also react with oxalyl chloride.

0
(@) 0O O
Cl N-CH3 NH
CH-),NH | LIAIH 2
A\ (CH3),NH E:L/\i/(c'_ls 4, N\
4] N N
H H

tryptamine

+
N
\ Cl Cl 2%

H



5. Diazocoupling or Diazotization reaction: Indole reacts with benzene diazonium chloride to
give 3-phenylazoindole, a diazotized coupled product.

0 O O

6. Reimer Tiemann formylation: Indole, like other aromatic compounds, reacts with
Chloroform (CHCIl;) in presence of alkali to give formylated product at C3 position. This
reaction proceeds via carbine intermediate. In general two products are obtained in this

reaction, first, the C3 formylated product (Indole-3-cabaldehyde) and second, the rearranged
product (3-Chloroquinoline).

CHO
cl
AN NaOH AN N
+ CHC, - +
=
N N
H H \

Indole-3-carbaldehyde 3-Chloroquinoline




6. Reactions at N-atom: The N — H proton of indole like pyrrole is acidic and is easily attracted
by metallic groups e.g NaOH; KOH; n-Buli; Grignards reagent etc to give N-metalated

derlvat|ves N CHsMgBr \ Indole-N-magngssmm hallde or
a. N-halomagnesylindole is a very
N N . ] .

Et,O reactive intermediate which readily
\H \MgBr reacts with RCHO and R,CO
CHO
HCOzEt
- — \
N
\
MgBr H
\ CH,CH,0H
< 2CH,
N
MgB N
r
° H
R
COcCl b W
ii N -
N\ N\
MgBr N\
H
iv (CH3),CO C(CH3),0OH
¢ N
N\
N
MgBr \
H
(i) CO2
n- butyllltlum A \
b. - -
N (i) H N
Li

\
CO,H



7. Reduction of Indole

H
E;O Ho/Ni ©j\
further N
H \

\ reduction

mdollne cis-octahydro
indole

8. Reactions with aldehydes and ketones: Indole condenses with aldehydes and ketones i.e.
formalin/formaldeyde to form B-indolyl carbinol

CH,OH ©\/>
0
©\/\§ 7o) m.
“ ©§ - §
\

H

B—indolyl carblnol

3- alkylldene-3H
indolium cation H

di-indolylmethane

Methanal can also react with indole in the presence of dimethyl amine

N(CH3),
@ + HCHO + HN(CHj), —> ©\/\§
N N
\

\
H

3-dimethylamino methylindole (gramine)



Gramine 1s a very important product as its quaternary salt are useful synthetic intermediate because the N-
group 1s easily displaced by nucleophiles.

+

N (CH3); CH30S05 CN
AN NaCN _ N\ + N(CH3)3
N N
\ \
H 3|

With the presence of electron withdrawing group on the heterocyclic ring of indole, the ring 1s deactivated
and further attack occurs in the benzene ring e.g. nitrating of indole-3-aldeyde, using HNO3;/AcOH will
yield 6-nitro derivative.

CHO CHO

HNO4
\ _ \
N AcOH O,N N

\
H H




INDOLE DERIVATIVES

1. ALKYL INDOLES

The best known alkyl indoles are the 2- and 3-methyl indoles. 2- and 3-methyl indole can be prepared by
direct alkylation of indole. 2-methylindole undergoes electrophilic reactions to give 3-derivates.

1. Nitration

It gives 3-nitro-2-methylindole but i1f the usual reagent 1s used 1.e. H2SO4/HNO3, we get 5-nitro-2-
methylindole. If the 2 and 3 positions are occupied, any incoming electrophile will not have space on the
heteroaromatic ring, hence substitution takes place at position 5 1.e. on the benzene ring.

11. Halogenation of Alkyl Indole

Halogenation of 3-methylindole gives 2-bromo derivatives. If 2,3-dimethylindole 1s brominated in aqueous
medium, an unusual product 1s obtained.

N dioxan &Br
©\/I§ + Br2 N

\
\H H
N + Br, ———> N CH,0OH
N aqueous N
\ medium \
H H

2-hydroxylmethyl-3-methylindole  or
2-hydroxymethyl skatole



111. Acylation

Acylation with acetic anhydride and acetic acid gives a mixture of acyl derivatives.

D+ A0 N—Ac  + N
N AcOH N N

\ \ \

H H Ac

1v. Reaction with carbene

Skatole can also react with carbene.

o e O O O

3-chloro-2,4-dimethyl  3,3-dichloromethyl-
quinoline 3-methylindole

The carbene 1s obtained from the reaction of chloroform with sodium methoxide.

CHCl; + CHy0"Na* MEOH_ il 4 Nacl + H,0



2. OXY INDOLE

This 1s indole derivative that has a hydroxyl group present at position 2 or 3 of the indole ring. Indole with
OH group i1n the benzene behaves like normal phenol. However i1f the hydroxyl group 1s on position 2 or 3,
they exhibit different property e.g. 2-hydroxylindole behave more like an amide.

H
H
Cly-on = o
N\ N\ keto form
enol form H H

The methylene group of carbon 3 can easily be deprotonated and goes into condensation reaction with
aldehyde, ketones, alkyl halides, etc. The 2-OH indole exist mainly as amide (keto form).

OH O

H
\ —_— H
N N

\ \
H H



The 3-OH indole also exist in keto-form but it has appreciable enol form, thus i1t exhibits phenolic reactions
(1t g1ives purple colouration with FeCls). 3-OH 1ndole 1s easily oxidized to indigo.

OH

coloured dye (indigo)

The protons at C2 of keto form are also acidic hence can be methylated at this point and it can also react
with RCHO & R,CO:

O O
2 Mel
Oy 2. Crix
N N
H H

2,2-dimethylimidazole-3-one

@)
HCsO H
T — -



3. INDOLE ALDEHYDE

When 1ndole 1s treated with DMF 1n the presence of phosphorus oxo chloride, it forms indole-3-aldehyde.

H
N

\

H 3- chloroqumolme

Indole-3-adehyde does not behave like typical CHO e.g. does not form cyanohydrin with hydrogen cyanide
and won’t undergo Cannizzaro rxn. o

Indole Carboxylic Acids:

Indole-2 and 3-carboxylic acids are readily decarboxylated, but 3-carboxylic acid 1s much more labile.



COOH COOH
) H

N H ) BN

N N

\ \

H H

This reaction takes place in mineral acid.




ISATIN ?

Cr

\
H

It can be obtained by oxidation of indigo, which 1s a dimer of 3-hydroxyl indole. We can also obtain 1satin
from aniline.

o
CCLCHO —-H20H
+
@L : 2. H,S0, O

The two carbonyl groups on 1satin are not identical, hence they differ in chemical properties.

Isatin 1s basic enough to dissolve in HCI and the hydrogen of 1satin 1s acidic enough to be replaced by strong
basic metals like Na and Ag. The 3-keto group behaves like a typical carbonyl while the 2-keto grp behaves
like a typical amide.

The usual reaction of normal carbonyl group can take place on the 3-keto group 1.e. reacting with hydrazine
derivatives, however the keto group on position 2 cannot undergo such.

The keto group on position 2 will react with NaOH to form sodium salt of 1satinic acid 1.e. sodium 1satinate.

o O O

o + NaOH CEL—LLO_ Na
N NH2
\ sodium isatinate

H



SOME OF THE REACTIONS OF ISATIN

1. Oxidation reactions

Isatin 1s oxidized by chromic acid to form the anhydride which in the presence of acid affords anthranilic

acid. O o
(IZ/ o _Cros (I ~0 H* E:[COOH
acid
l\{ N AO NH,
H H

anthranilic
acid

anhydride of isatin

2. Reactions with thiophene

O
©i/t © conc H,SO,
O + | / -
N
\
H

Deep blue compound called
indoohenin




Assignment

1. Outline a synthetic route for preparing indole starting from benzene.

. Why common Nitrating agent (H,SO, + HNO;) is not used in the nitration of
indole ?.

. Write the mechanism for the reaction between acetophenone and
phenylhydrazine to form indole derivative.



AROMATIC HETEROCYCLIC
COMPOUNDS

QUINOLINE



QUINOLINE

5 4
6 4a \3
7 2
; 8a "N

1
1. Quinoline is a heterocyclic aromatic organic compound with the chemical formula C4H-N.

2. It is also called 1-azanaphthalene or benzo[b]pyridine.

3. Quinoline was first extracted from coal tar in 1834 by German chemist Friedlieb Ferdinand
Runge.

4. Quinoline is an aromatic compound since it follows the Huckel’s rule (i.e. 4n+2m electron
rule) for n=2. It contains 10 it electrons and it is planar

5. All the ring atoms in Quinoline are sp2 hybridized. Unlike Indole, the lone pair of nitrogen
of quinoline does not participate in the delocalization

6. Quinoline is colorless to pale yellow liquid, it has a boiling point = 238°C
7. It is weakly basic compound and slightly soluble in water.



Resonance Structures of Quinoline
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SYNTHESIS OF QUINOLINE

1. Skraup Synthesis: This is one of the most important methods for the preparation of quino-
line. This method involves heating an aryl amine (aniline ) which has a vacant ortho position
with a,B-unsaturated carbonyl compound glycerol, Conc. H,S0, and an oxidizing agent the
resultant product is obtained as quinoline or its derivatives. The nitrobenzene, stanic chloride,
ferric salt, SnCl, or Lewis acid is generally used as mild oxidizing agent in Skraup synthesis.
Glycerol when heated with concentrated H,SO, gives the acroline after dehydration. Conden-
sation of acroline thus obtained with aniline or its derivatives followed by oxidation gives the

quinoline.
+ Conc. HySO, N
OH CHNO,, A P
NH, N

Aniline Pr()pane 1 2 3-triol Quinoline
(Glycerol)

| ,

©\ H>S0, @\ j/ cyclisation dj [O] _ (j\/j
X L re
H
acrolein NO,

dihydroquiniline




Mechanism
Step 1: Dehydration of glycerol to acrolein

H\ H\ H\ Bl H\ .
H,C—OH . HtC—OH C—OH 4 C—OH c=0
H—CIJ—OH H H—CI:—(8H2+ 0 H—I(|3 L H—ICI: H—(I;
HZCII—OH H,C—OH HZ(IZ—OH H2(|3—\(2H2" (I;IH2

Step 2: Michael addition of aryl amine with the a,B-unsaturated carbonyl compound.

H\(‘

©\ H— c Jj Jj _ keto-enol _ )j
NH> " transfer " tautomerism

\/

Step 3: Eletrophilic adition to the protonated carbonyl

O
Q- @ﬁi D —Cr 7 2 O
N
|
H
Step 4: Dehydrogenation of dihydroQ to Q by oxidising agent

[O] Z
N N
H

IZ



2. Dobner-Miller Synthesis: This is a modified form of the Skraup synthesis. In this reaction
the simple aldehydes and ketones act as precursor of a, B-unsaturated carbonyl
compounds. The reaction follows the similar reaction course as in the Skraup synthesis to
produce derivatives of quinoline. When acetaldehyde is used as precursor of a, B -
unsaturated carbonyl compound 2-methylquinoline is formed.

O @ O
)L H3O > H C/\/H\H
H;C H 1. Aldol condensation '3
2.-H,O

Skraup \ [O]
“steps C6H5N CHCH3

EZ



3. Friedlander and Pfitzinger synthesis: Quinoline can also be prepared by the
condensation of ortho-amino aromatic aldehyde or ketone with a carbonyl compound

having a-methylene group (e.g acetaldehyde) in sodium hydroxide solution.

CHO
. ¢ 3 NaOH N

/ 'Hzo =

NH, 0 N

o-aminobenzaldehyde Acetaldehyde Quinoline

4. Combes Synthesis: aromatic amines react with 1,3-dicarbonyl compounds or B-keto
esters to give a wide range of quinoline compounds.

oL —oh o,

2, 4-Dimethylquinoline



Mechanism

0
Hac\!:, TH:’ T C|H3

\ -

CH -C H 0=C H

. Heat 0 e Wt NS’
P T |~ e I
" -H,0 - Protonation /c\
NH, 07 “en, NH  CH, N™  TCHy
enamine .
/H

HO  CH, H—D CH, i

H
N
— —_— I —_
\ 'Hzo /
NH CHy N CH, N CHy



Chemical Properties of Quinoline

1. Basicity: quinoline acts as a base and forms salts with acids and quaternary salts with alkyl
halides due to availability of lone pair of electrons on nitrogen.

a. Reaction with acids:

=
N

b. Reaction with methyl 10dide:

X CH;I
{©
= ®~
N

Y

cP

Y




2. Electrophilic substitution: the carbocyclic (benzene) ring in the quinoline is relatively more
electron rich and resembles benzene ring while the nitrogen containing ring is less electron
rich and resembles pyridine ring. Thus, electrophilic substitution takes place more readily at
position 5 and 8 of benzene ring rather than the pyridine ring. Thus if both the positions in
benzene ring are vacant than mixture of substituted product is obtained.

a. At position 5

H_ P H, P i
F(\ N ® N { N N
T T )—KRI1)—LT1
N N 5 N N
b. At position 8

K/v N/ © N/ N N/ N/
H E H E L



a. Halogenation: with Br, in the presence of silver sulphate (Ag,5S0,4) and H,SO,4 bromination
occurs at position 5 and 8 hence mixture of products is formed.

Br
‘ X Br,/Ag,S0, ‘ X ‘ X
> +
P H,50, > ¥
N N N
Br
Quinoline 5-Bromoquinoline 8-Bromoquinoline

But with CCl, in pyridine, only the 3-bromo is foBrmed.
+ B, — A
N/ pyridine N

Chlorination occurs with sulphur dichloride

Cl
X S,Cl, N
+ CI2 y ~
~
N N




b. Nitration: occurs with the nitrating reagent to give the 5 and 8-nitro product.

NO,
) conc.H,SO, + conc HNO; X
- - R
N N

NO,
Quinoline 5-Nitroquinoline 8-Nitroquinoline

With Sodium nitrate/Ac,0 at 100 °C, 3-nitro is formed.

NO
~ - ~
N Ac,0, 100°C N

c. Sulphonation: with conc. Sulphuric acid to obtain mainly the 8-substituted product.

m conc. H,SO, N
N7 N7
SO,




3. Oxidation: in the presence of KMnO, quinoline is oxidized to pyridine-2,3-dicarboxylic acid
which upon decarboxylation gives nicotinic acid.

HOOC HOOC
| o KMnO4 (aq) Ij
> 373 K
N

HOOC

Quinoline Pyridine-2,3-dicarboxylic acid Nicotinic acid

4. Nucleophilic substitution: Quinoline undergo nucleophilic substitution reactions at the
pyridine ring since it is less electron rich compared to the benzene ring. The substitution
takes place at position 2 of the pyridine ring, but if occupied, takes position 4.

A. Chichibabin (Tschitschibabin) reaction

NaNH, ’ N
/ Xylene, Liq. NH; _
N NH

Qumohne 2-Aminoquinoline




B. Reaction with organometallic compounds and Grignard reagent

With n-Bul.i:
AN N X AN
H-O O
O vwan— L1 - OO 2 O
N 'Tl Bu H Bu N Bu
Li

2-butyl-N-lithio-1,2-dihydro
quinoline

AN AN H-O AN
+ Et-MgBr ——» 2V o
~
N [\\J Et N Et

MgBr

C. Reaction with KOH: the hydroxyquinoline tautomerises to the keto form to form a much
stabilized substrate

CO) - Ok ™ 0L~ (CCL
~L-OH — =
N/ N O . N y
K H

N
K* H

80 %



5. Reduction

N |
m LiAIH,, m @(j Raney Ni__ @(j
N“  Nalliq NH; N N Sn/HCI H
1,2-dihydroquinoline

1,2,3,4-tetrahydroquinoline



DERIVATIVES OF QUINOLINE

O —
~
+IT] O-

H

2-hydroxylquinoline
(enol)

quinadine

L
ITI O
H

2-quinolone
(keto)

OO OO Q\Jﬁ L
z NG N N7 ~NH,

lepidine
: HN A
: N
o N and |
! ~ !
| OH Cl N :
: vioform chloroquine @

ALKALOID DRUGS WITH QUINOLONE NUCLEUS



ISOQUINOLINE

5 4
4a
6 = ‘ 3
7 N2
Sa\
8 1
[soquinoline

Isoquinoline is a structural isomer of quinoline, It was first isolated by Hoogewerff and Drop
from the quinoline fraction of coal tar in 1885. It does not occur free in nature but found
frequently in several alkaloids. It is called 2-azanaphthalene or benzo[b]pyridine. The
numbering of the atoms in Isoquinoline is similar as followed in quinoline; however, the
nitrogen atom is assigned position-2. Isoquinoline has close similarities in the structure with
guinoline; therefore both have a close relationship in their physical and chemical properties.



SYNTHESIS OF QUINOLINE-(A) from phenyl ethyl amine (PEA) and (B) from aromatic aldehyde

1. Bischler-Napieralski Synthesis: This involves reaction of acyl halide or carboxylic acid with phenyl
ethylamine (PEA) to form acyl derivative of PEA which undergoes cyclisation when heated with P205,
POCI3 or PCI5 1n an inert medium to form the corresponding 1s0Q:

©/\’ RCOCI ©/\ POCI; Pd/C X
—_— —_—
N
NH; g NH  xylene =N 10 7

0=C-R R R
3,4-dihydrolQ

PEA
2. Pictet & Gams Modification: Uses a-hydroxy PEA
OH OH Pd/C o~
NH, S NH

xylene R R
0=C-R 3,4-dihydrolQ

PEA



2. The Pomeranz Fritsch synthesis: an aromatic aldehyde or a substituted Benzaldehyde is
condensed with aminoacetal to give Schiff’s base. The Schiff’s base thus formed is cyclized in
the presence of H,SO, or P,O:. The last step of this reaction is similar to the Skraup synthesis

of quinoline.
CHsO_  OC,Hj5 OC,Hj5

®
OC,H
N N
CHO OC,H; - H,O 7 =

Benzaldehyde 2,2-diethoxyethanamine

OC,Hy

H
N H,SO,
C,HsOH + -
—~N o~~N

Isoquinoline




1. Electrophilic Aromatic Substitution Reaction

In strong acids (acidic medium), electrophilic substitution takes place at position 5 and 8 but in non-acidic
or in weak acid, electrophiles attack at position 4.

(1) Halogenation

4-bromoisoquinoline

(11) Nitration

Br
©ij\| HZSO4 _N mtratlng =N
agent 4 _hitroisoquinoline

(111) Sulphonation: Unlike in Q, where 8-sulphonic acid i1s obtd. In IQ, 5-product is obtd.

SO;H
3 sto4

Isoquinoline-5-sulphonic acid



2. Reactions with nucleophiles
Nucleophiles attack 1soquinolines at position 1 except if the position 1s occupied

1. Chichibabin reaction

~N " 100°C/PhN(Me), _N

NH.

1-aminoisoquinoline

ii. Hydroxylation

XN X X
) AL \§H NH ~—— NH

O K* O




ili. Grignard reagent

©® CH3CH,MgBr N
o
=N Et,0/ D> ~N 1-ethylisoquinoline

CH,CH,

Alkyl or aryl Lithium react as in Q to give 1,2-dihydro product:

AN
A RLior PhLi _ A H0 b
_N N\L'
|

For example:

S BuLi = H>O S nitrobenzene_ >
=N ~i NH [O] _N
L Bu

N
1-butylisoquinoline




3. Reduction

It react with reducing agent to give different product depending on the nature of the reducing agent 1.e.
Sn/HCl to give 1,2,3,4-tetrahydro product.

N sn/HC
_N NH

But Na/liq. NH3 will yield 1,2-dihydro product

X Nallig. NH; N ~ Pyl ot ¢
\, N > NH > olymerization reaction

1,2-dihydroproduct
(not stable and readily
undergoes polymerization)




Reaction with oxidizing agent

Isoquinoline when treated with H>O» 1n acetic acid give the N-oxide as in Q.

N H,O, N
~N AcOH ~ N+\ O-

Isoquinoline-N-oxide




When treated with alkaline KMnO.. It gives pyridine-3.4-dicarboxylica acid and pthalic acid.

@)
KMNO. N, kwno, HOOC COOH
N-H = . | +
neutral ~N  alkaline _N
medium HOOC COOH
O A . .
: pyridine-3,4- phthalic acid
phthalamide dicarboxylic acid

It undergoes substitution with replacement. In this case, halogen atom at position 1 are readily replaced
with nucleophiles, while halogen atom at position 3 are not.

Cl Cl
A NaOEt \Y
=N EtOH N
Cl OEt

Alkyl grp 1n position 1 of IQ behaves as alkyl grp in position 2 of Q, hence 1-alkyl IQ will undergo
condensation reaction with RCHO, R»O, acid chlorides etc.




