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CHM 306
PART C- HETEROCYCLIC COMPOUNDScompile
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INTRODUCTION TO HETEROCYCLIC COMPOUNDS
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Aliphatic Heterocyclic Compounds
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Aromatic Heterocyclic Compounds

5-membered Ring 5
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6-Membered Ring 6
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Fused Ring 7
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Common Prefix for Heteroatoms (arranged in the preferential order)
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AROMATIC HETEROCYCLIC COMPOUNDS
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AROMATIC HETEROCYCLIC 
COMPOUNDS

A. PYRROLEcompile
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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.
3. It is a five membered compound with molecular formula  C4H5N.
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 SP2 Hybridized (N- SP2= 1e- + SP2=1e-+ SP2= 1e- +
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 + 2! 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.
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Pyrrole-2-carboxylic acid

Derivatives of Pyrrole are 4-hydroxyl pyrroline carboxylic acid, pyrrole-2-carboxylic acid, 
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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 α-position is more susceptible because all the electrons are enhanced to move 
towards the positively charged nitrogen atom. The α-position has higher canonical 
structure than the β-position. However, when substitution takes place on the nitrogen 
atom, and hence it is said to be nucleophilic. 

Stability of Pyrrole
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SYNTHESIS OF PYRROLE
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1. 
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MECHANISM OF PAAL KNORR SYNTHESIS OF PYRROLE

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



2.

carbonyl compounds that has methylene group i.e. active methylene group.
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3.
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4. FROM FURAN

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

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



ELECTROPHILIC AROMATIC SUBSTITUTION OF PYRROLE

Attack at C3

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.compile
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When position 2 is occuppied, the electrophile picks position 3
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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. HNO3 in acetic anhydride are 

used instead of the normal  nitrating agents which  are too strong for 
pyrrole leading to the formation of tars. 

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

2-nitropyrrole

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

4. Halogenation: Pyrrole reacts with halogens [X2 (X2 = Cl2, Br2 and I2)] to give
tetrahalopyrrole. 

Other reactions of pyrrole include oxidation, reduction, diazotization etc.
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2. Oxidation: (i.) pyrrole is oxidized to form maleimide which is further reduced to 
fom pyrrolidine (ii) oxidized with KMnO4 gives its carboxylic acid.

3. Reimer-Tiemann Reaction: it reacts with chloroform in the presence of a strong 
base to form 2-formylpyrrole

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

i.

ii. 
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5. Reaction with carbene to give pyridine chloride.

6. Reduction: Pyrole can be reduced by catalytic hydrogen i.e. H2/Ni or H2/Pd, Zn/Acetic 
acid. Pyrole is partially reduced to pyroline, further reduction give pyrolidine.compile
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NUCLEOPHILIC REACTIONS OF PYRROLE
The 2/α-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.

A. Reaction with acrylonitrile
B. Reaction with acetylene
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C. Reaction with Grignard reagent/alkyl lithium
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ASSIGNMENT

1. Describe the synthesis of pyrrole from bone oil.
2. Draw the complete mechanism of the Paal Knorr synthesis of Pyrrole using a 

named 1,4-dicarbonyl compound with ammonia.
3. Explain why electrophilic substitution occurs preferentially at the α-position.
4. Discuss the biological significance of pyrrole-containing compounds.compile
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Pyrrole: An Aromatic Heterocyclic Compound 

1. Introduction 

Pyrrole is a five-membered aromatic heterocyclic compound containing one nitrogen 
atom. Its molecular formula is C₄H₄NH, and it is classified as an azole. Pyrrole is the 
foundational unit of many biologically important molecules, including heme (in 
hemoglobin), chlorophyll, and vitamin B₁₂. 

2. Structure and Aromaticity 

Pyrrole has a planar, five-membered ring with the following structure: 

• Four carbon atoms and one nitrogen atom form the ring. 
• The nitrogen atom contributes its lone pair of electrons into the π-system. 
• This gives pyrrole a total of 6 π-electrons (4 from the two double bonds + 2 

from nitrogen's lone pair), satisfying Hückel's rule (4n + 2, where n = 1). 

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

1. Cyclic structure 
2. Planar molecule 
3. Fully conjugated (alternating single and double bonds + lone pair) 
4. Obeys Hückel's rule (6 π-electrons) 

3. Stability and Resonance 

Pyrrole is stabilized by resonance. Five canonical structures can be drawn: 

• The lone pair on nitrogen is delocalized across the entire ring. 
• This delocalization makes all carbon atoms electron-rich (high electron 

density). 
• 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. 

α vs. β Positions 

The ring has two types of positions: 

• α-positions (C-2 and C-5): Adjacent to nitrogen 
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• β-positions (C-3 and C-4): Further from nitrogen 

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

5. 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: 

 

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 (NH₃) 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. 
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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 α-amino carbonyl compound (e.g., ethyl glycinate or an α-aminoketone) 
condensed with a β-ketoester or active methylene compound. 

• The α-amino group reacts with the active methylene group. 
• Cyclization and dehydration yield a substituted pyrrole. 
• 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 (Al₂O₃) catalyst at 400°C. 

 

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 α-position (C-2) because: 

• The intermediate arenium ion (Wheland intermediate) at C-2 is stabilized by 
3 resonance structures. 
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• At C-3, only 2 resonance structures stabilize the intermediate. 
• When C-2 is blocked, substitution occurs at C-3 (β-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 

• Reagent: Conc. HNO₃ in acetic anhydride (mild conditions) 
• Product: 2-nitropyrrole 
• Normal mixed acid (HNO₃/H₂SO₄) is avoided as it is too strong and causes 

decomposition/tarring. 

B. Sulfonation 

• Reagent: Pyridine–SO₃ complex (pyridinium sulfonate) — a mild sulfonating 
agent 

• Product: Pyrrole-2-sulfonic acid 
• Concentrated H₂SO₄ is avoided because it causes polymerization. 

C. Friedel–Crafts Acylation 

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

D. Halogenation 

• Reagent: X₂ (Cl₂, Br₂, or I₂) 
• Product: Tetrahalopyrrole (all four positions halogenated) 
• 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 is oxidized (e.g., with H₂O₂ or peracids) to give maleimide, which can be 
further reduced to succinimide or to pyrrolidine. 
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ii. Oxidation with KMnO₄: 

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) 

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

       

6.4 Reimer–Tiemann Reaction 

• Reagents: CHCl₃ + strong base (KOH) 
• Product: Pyrrole-2-carbaldehyde (2-formylpyrrole) 
• Mechanism involves formation of dichlorocarbene (:CCl₂) which attacks the 

electron-rich ring at C-2. 

6.5 Diazo Coupling 

• Reagent: Benzenediazonium chloride (C₆H₅N₂⁺Cl⁻) 
• Product: 2-Phenylazopyrrole (an azo compound) 
• The electrophilic diazonium ion attacks the α-position. 

6.6 Reaction with Carbene 

• 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: 
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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 

       

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

B. Reaction with Acetylene 

       

C. Reaction with Grignard Reagent / Alkyl Lithium 

Pyrrole reacts with Grignard reagents (RMgX) or organolithium (RLi) 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 
Pyrrole-2-carboxylic 
acid Found in nature; decarboxylates readily on heating 

4-Hydroxy-L-proline Related amino acid found in collagen 

Porphyrins Tetrapyrrolic macrocycles; basis of heme and 
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) 

• The heme group is an iron-containing porphyrin — a tetrapyrrolic macrocycle 
where four pyrrole rings are linked by methine bridges (=CH–). 
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• Heme is the oxygen-carrying unit in hemoglobin (blood) and myoglobin 
(muscle). 

• The iron(II) center coordinates with oxygen reversibly. 

Chlorophyll 

• 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 B₁₂ (Cobalamin) 

• 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 

• 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 (sp² or sp 

hybridization). 
3. Fully conjugated — Every atom in the ring must contribute a p-orbital to the 

π-system (continuous conjugation around the ring). 
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4. Hückel's Rule — The number of π-electrons must equal 4n + 2, where n = 0, 
1, 2, 3… 

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

(see all structures and mechanisms in the lecture slide) 
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AROMATIC HETEROCYCLIC 
COMPOUNDS

B. DIAZOLES (Pyrazole and 
Imidazole)
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DIAZOLES- PYRAZOLE AND 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)π 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.
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Tautomerism in Diazoles
Tautomerism is more expressed in pyrazole
than imidazole. Moreover, position 3 and 5
are identical i.e. for unsubstituted pyrazole at
the N-position.

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.

In imidazole, position 4 
and 5 are identical i.e. for 
non-substituted 
imidazole.
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DERIVATIVES OF PYRAZOLE AND IMIDAZOLE
1. Pyrazole derivatives have been isolated from water melon seed known as β-[1-pyrazolyl] 
alanine. Pyrazolone, Antipyrine are also derivatives. Antipyrine  is derived from pyrazolone
and used as an antipyretic.

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

2. Imidazoles: can be prepared from α-halocarbonyl compounds. imidazole is formed upon 
heating the α-halocarbonyl compounds with ammonia and formamide. 
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Mechanism: displacement of halogen atom by ammonia to form α-amino carbonyl
compounds followed by attack by the formamide

B. Imidazole from α-aminocarbonyl compounds. This compound condenses with thio-
cyanate ion to form imidazole-2-thiones. Desulphurization takes place to get the imidazole.compile
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Mechanism: 
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Electrophilic  reaction of Pyrazole and Imidazole

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.
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Nucleophilic reaction of Pyrazole and Imidazole

1. Imidazole and pyrazole reacts with Grignard’s reagents to form N-magnesium
bromide 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.
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Both of them can also react with N-butyllithium followed by CO2 in acidic medium to form 
pyrazole-5- or imidazole-2-carboxylic acid

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

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/H2SO4 in the presence of NaOH. 
b. What is the name of the product formed?.
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AROMATIC HETEROCYCLIC 
COMPOUNDS

INDOLEcompile
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INDOLE
1. Indole is an aromatic heterocyclic organic compound with formula C8H7N. 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 π-excessive aromatic heterocycles with ten π-electrons since it follows the Huckel’s rule
(i.e. 4n+2π electron rule) for n=2.
7. All the ring atoms in Indole are sp2 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.
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Some important indole drugs are Indomethacin, Sumatriptan, Reserpine, Vincristine 
and Vinblastine

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

Serotonin
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STRUCTURE OF INDOLE

RESONANCE/CANONICAL STRUCTURES 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.
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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 (BF3) at 180 oC.
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.
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Mechanism of Fischer- Indole synthesis: takes place by acid catalyzed rearrangement of the 
tautomeric form of the starting phenylhydrazone as shown below: 

If we use a non-symmetical hydrazine, then we can form two different products
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2. Madelung Synthesis: cyclic dehydration of an acetyl or acyl o-toludine in presence of a 
strong base and at high temperature. 
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3. The Bischler’s synthesis: This method involves the reaction of an aryl amine and α-
haloketone or α-haloaldehyde in presence of zinc chloride under thermal or heating 
condition (reflux).

Mechanism
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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/CH3COOH yields 
the Indole. 

Mechanismcompile
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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.

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

Electrophilic Substitution of Indole

3H-indolium cation
Most stable
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2. Nitration: Indole undergoes nitration in presence of ethyl nitrate at low temperature (0 -
5°C). Nitration of Indole also occurs at C3 with the similar mechanism as discussed above.

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.

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

6. Reimer Tiemann formylation: Indole, like other aromatic compounds, reacts with
Chloroform (CHCl3) 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).

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



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 
derivatives
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7. Reduction of Indole

8. Reactions with aldehydes and ketones: Indole condenses with aldehydes and ketones i.e. 
formalin/formaldeyde to form β-indolyl carbinol
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Assignment
1. Outline a synthetic route for preparing indole starting from benzene. 
2. Why common Nitrating agent (H2SO4 + HNO3) is not used in the nitration of 

indole ?.
3. Write the mechanism for the reaction between acetophenone and 

phenylhydrazine to form indole derivative.
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AROMATIC HETEROCYCLIC 
COMPOUNDS

QUINOLINEcompile
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QUINOLINE

1. Quinoline is a heterocyclic aromatic organic compound with the chemical formula C9H7N.
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+2π electron 
rule) for n=2. It contains 10 π 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.
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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 α,β-unsaturated carbonyl compound glycerol, Conc. H2SO4 and an oxidizing agent the
resultant product is obtained as quinoline or its derivatives. The nitrobenzene, stanic chloride,
ferric salt, SnCl2 or Lewis acid is generally used as mild oxidizing agent in Skraup synthesis.
Glycerol when heated with concentrated H2SO4 gives the acroline after dehydration. Conden-
sation of acroline thus obtained with aniline or its derivatives followed by oxidation gives the
quinoline.
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Mechanism 
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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 α, β-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 α, β -
unsaturated carbonyl compound 2-methylquinoline is formed.

Skraup 
steps
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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 α-methylene group (e.g acetaldehyde) in sodium hydroxide solution.

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

d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



Mechanism
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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.

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz

compile
d by 9jabaz



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.
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a. Halogenation: with Br2 in the presence of silver sulphate (Ag2SO4) and H2SO4, bromination
occurs at position 5 and 8 hence mixture of products is formed.

But with CCl4 in pyridine, only the 3-bromo is formed.

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

With Sodium nitrate/Ac2O at 100 oC, 3-nitro is formed. 

c. Sulphonation: with conc. Sulphuric acid to obtain mainly the 8-substituted product.
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3. Oxidation: in the presence of KMnO4 quinoline is oxidized to pyridine-2,3-dicarboxylic acid 
which upon decarboxylation gives 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

Xylene,
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B. Reaction with organometallic compounds and Grignard reagent

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

1,2-dihydroquinoline
1,2,3,4-tetrahydroquinoline
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DERIVATIVES OF QUINOLINE

ALKALOID DRUGS WITH QUINOLONE NUCLEUS 
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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
quinoline; therefore both have a close relationship in their physical and chemical properties.

ISOQUINOLINE
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SYNTHESIS OF QUINOLINE-(A) from phenyl ethyl amine (PEA) and (B) from aromatic aldehyde
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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 H2SO4 or P2O5. The last step of this reaction is similar to the Skraup synthesis
of quinoline.
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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.
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ii. Hydroxylation
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iii. Grignard reagent
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