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Aromatic Six-Membered
Pyridine
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Bioactive Pyridines

• Nicotine is pharmacologically active constituent of 
tobacco – toxic and addictive.
• Sulphapyridine is a sulfonamide anti-bacterial agent– one 
of the oldest antibiotics.
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• Paraquat is one of the oldest herbicides – toxic and 
non-selective
• Isoniazide has been an important agent to treat 
tuberculosis – still used, but resistance
is a significant and growing problem

Bioactive Pyridines
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Drugs Containing a Pyridine
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Pyridines – Structure
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General Strategies for Heterocycle Synthesis
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Pyridines – Synthesis
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Pyridines – Synthesis

From Enamines or Enamine Equivalents – the 
Guareschi synthesis (“3+3”)

• The b-cyano amide can exist in the ‘enol’ form
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Pyridines – Synthesis

Using Cycloaddition Reactions (“4+2”)

• Oxazoles are sufficiently low in aromatic character to 
react in the Diels-Alder reaction
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Pyridines – Electrophilic Reactions

Pathways for the Electrophilic Aromatic Substitution of 
Pyridines

• The position of the equilibrium between the pyridine and 
pyridinium salt depends on the substitution pattern and 
nature of the substituents, but usually favours the salt.
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• Resonance forms with a positive charge on N (i.e. 6 electrons) are very 
unfavourable.
• The β-substituted intermediate, and the transition state leading to this 
product, have more stable resonance forms than the intermediates/transition 
states leading to the α /δ products.

Regiochemical Outcome of Electrophilic Substitution of 
Pyridines

Pyridines – Electrophilic Reactions
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Pyridines – Electrophilic Reactions

Regiochemical Outcome of Electrophilic Substitution of Pyridinium 
Ions.

• Regiochemical control is even more pronounced in the case of pyridinium ions
• In both pyridine and pyridinium systems, b substitution is favoured but the 
reaction is slower than that of benzene.
• Reaction will usually proceed through the small amount of the free pyridine 
available.
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N Substitution

C Substitution
• Reaction at C is usually difficult and slow, requiring forcing 
conditions.
• Friedel-Crafts reactions are not usually possible on free 
pyridines.

Pyridines – Electrophilic Reactions
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Pyridines – Electrophilic Reactions

• Multiple electron-donating groups accelerate the reaction.
• Both reactions proceed at similar rates which indicates that the protonation 
at N occurs prior to nitration in the first case.

Use of Activating Groups

Nitration of Pyridine
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Pyridines – Electrophilic Reactions
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Pyridines – Reduction
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Pyridines – Nucleophilic Reactions

Regiochemical Outcome of Nucleophilic Addition to Pyridines.

• Nitrogen acts as an electron sink.
• β Substitution is less favoured because there are no stable resonance 
forms with the negative charge on N.
• Aromaticity will is regained by loss of hydride or a leaving group, or by 
oxidation.
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Pyridines – Nucleophilic Reactions

• Favoured by electron-withdrawing substituents that are also 
good leaving groups.
• The position of the leaving group influences reaction rate (γ > 
α >> β)
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Pyridines – Nucleophilic Reactions

• Conversion of a pyridine into the pyridinium salt greatly accelerates 
substitution.
• Substituent effects remain the same (a, γ >> β) but now a > γ.
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Pyridines – Nucleophilic Reactions

Acylation at nitrogen

Acid chlorides and arylsulfonic acids react rapidly with pyridines 
generating 1-acyl- and 1- arylsulfonylpyridinium salts in solution. 
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Pyridines – Nucleophilic Reactions

Alkyl halides and sulfates react readily with pyridines giving 
quaternary pyridinium salts.

Alkylation at nitrogen 
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Pyridines – Pyridyne Formation
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Pyridines – Nucleophilic Reactions
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Pyridines – Synthesis of a Natural Product
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Bioactive Quinolines/Isoquinolines
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Drugs Containing a Quinoline/Isoquinoline
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Quinolines – Synthesis
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Quinolines – Synthesis
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Quinolines – Synthesis
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Quinolines – Synthesis
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Isoquinolines – Synthesis
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Isoquinolines – Synthesis
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Quinolines/Isoquinolines –Electrophilic Reactions
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Quinolines/Isoquinolines –Electrophilic Reactions
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Quinolines/Isoquinolines –Nucleophilic Reactions
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Quinolines/Isoquinolines –Nucleophilic Reactions
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Quinolines/Isoquinolines –Nucleophilic Reactions
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Quinolines/Isoquinolines –The Reissert Reaction
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Isoquinolines – Synthesis of a Natural Product


