Formation of Esters A
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The chemical transformation of alcohols and phenols through acylation.

[Alcohol or Phenol (-OH)] = [Acylating Agent] == [Ester (-0-C=0)]

1. Carboxylic Acids 2. Acid Anhydrides 3. Acid Chlorides



Pathway 1: Reaction with Carboxylic Acids A
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Ar/R-OH + R'-COOH &2 Ar/R-0-CO-R' + H»0

*,  Catalyst: Requires a
small amount of O Byproduct: Water (H20).
concentrated H2S04.

The reaction is reversible. To drive the formation of the ester and shift the
equilibrium to the right, water must be actively removed as soon as it is formed.



Pathway 2: Reaction with Acid Anhydrides A
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Ar/R-0H + (R'C0),0 &2 Ar/R-0-CO-R' + R'COOH

. Latalyst: gges a Byproduct: Carboxylic
small amount of acid (RCOOH)
concentrated H2S04. '

Similar to carboxylic acids, this pathway operates under acidic conditions and is
reversible, requiring continuous management of the reaction state to maximize ester yield.
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Pathway 3: Reaction with Acid Chlorides A

WARNING: Acidic
Byproduct

Ar/R-0H + R'-COC1 -> Ar/R-0-C0-R' + HC1

}E, Catalyst: Requires a base DA Byproduct: Hydrogen
(Pyridine). A Chloride (HCI).

Unlike the previous pathways, this reaction is not catalyzed by H2S04. It produces highly acidic
HCI as a byproduct, necessitating a specific chemical intervention to maintain stability.



The Role of Pyridine 4

Managing the Acid Chloride Pathway

The Problem The Solution

Neutralization

HCI Gas/Acid
Buildup
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Acid chloride reactions generate HCI, Pyridine acts as a base. It neutralizes
which can hinder the reaction and the HCl as it forms, actively shifting
create highly acidic conditions. the equilibrium to the right-hand side

and protecting the ester yield.



Real-World Application: A
Synthesizing Aspirin

Reactant: Acylating Agent: Product:
Salicylic + Acetic Acetylsalicylic Acid
Acid Anhydride (Aspirin) +
(contains a phenol -OH group) Acetic ACid

The introduction of an acetyl (CH3CO) group into an alcohol or phenol is known specifically
as acetylation.




Synthesis Matrix: Methods of Esterification

Acylating Agent | Catalyst/Base Byproduct Equilibrium Note
. . Reversible
Carboxylic Acid Conc. H,S0, H,0 (remove water)
Acid Anhydride Conc. H,S0, R’ COOH Reversible
Acid Chloride | Pyridine (Base) | HCl (Acid) Sl ok

base
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