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                             Benzilic acid rearrangement  

 

 

The benzilic acid rearrangement is formally the 1,2-rearrangement of 1,2-

diketones to form α-hydroxy–carboxylic acids using a base. This reaction receives 

its name from the reaction of benzil with potassium hydroxide to form benzilic 

acid. First performed by Justus von Liebig  it is the first reported example of 

a rearrangement reaction.  

 
 
 

The reaction has been shown to work in aromatic, semi-aromatic, aliphatic, 

and heterocyclic substrates. The reaction works best when the ketone functional groups 

have no adjacent enolizable protons, as this allows aldol condensation to compete. The 

reaction is formally a ring contraction when used on cyclic diketones. It has been found 

that aryl groups more readily migrate than alkyl groups, and that aryl groups 

with electron-withdrawing groups migrate the fastest. 

 

Reaction mechanism:- 

The reaction is a representative of 1,2-rearrangements. A hydroxide anion attacks one 

of the ketone groups in 1 in a  nucleophilic addition to form the alkoxide 2. The next step 

requires a bond rotation to conformer 3 which places the migrating group R in position 

for attack on the second carbonyl group. In a concerted step, the migrating R group 
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attacks the α-carbonyl group forming another alkoxide with concomitant formation of a 

keto-group at the other carbon. This migration step is rate-determining.  

 

 

 
 

 

 

 
 
 

The carboxylic acid in intermediate 4 is less basic than the alkoxide and therefore 

reversible proton transfer takes place favoring intermediate 5 which is protonated on 

acidic workup to the final α-hydroxy–carboxylic acid 6. Calculations show that an 

accurate description of the reaction sequence is possible with the participation of 4 

water molecules taking responsibility for the stabilization of charge buildup. They also 

provide a shuttle for the efficient transfer of one proton in the formation of 

intermediate 5. 
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Arndt–Eistert reaction: 

 

 Arndt–Eistert reaction is the conversion of a carboxylic acid to its homologue. Named 

for the German chemists Fritz Arndt  and Bernd Eistert , the method include treating 

an acid chlorides with diazomethane. 

The diazomethane is required in excess so as to react with the HCl formed 

previously.[2] Not taking diazomethane in excess results in HCl reacting with the  

diazoketone to form chloromethyl ketone and N2. Mild conditions allow this reaction to 

take place while not affecting complex or reducible groups in the reactant-acid.  

The reaction requires the presence of a nucleophile (water). A metal catalyst is 

required. Usually Ag2O is chosen but other metals and even light effect the reaction.  

 

 

 

Arndt-Eistert reaction with ketene  intermediate. 

 

 

Mechanism of the Arndt-Eistert Synthesis 

In the first step of this one-carbon homologation, the diazomethane carbon is acylated 

by an acid chloride or mixed anhydride, to give an  α-diazoketone. The excess 

diazomethane can be destroyed by addition of small amounts of acetic acid or vigorous 

stirring. Most α-diazoketones are stable and can be isolated and purified by column 

chromatography (see recent literature for specific methods). 
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The key step of the Arndt-Eistert Homologation is the Wolff-Rearrangement  of the 

diazoketones to ketenes, which can be accomplished .The reaction is conducted in the 

presence of nucleophiles such as water (to yield carboxylic acids), alcohols (to give 

esters) or amines (to give amides), to capture the ketene intermediate and avoid the 

competing formation of diketenes. 

 

 

 

The method is widely used nowadays for the synthesis of β-amino acids. Peptides that 

contain β-amino acids feature a lower rate of metabolic degradation and are therefore of 

interest for pharmaceutical applications. 
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