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Abstract

A one-pot preparation of carboxylic acids is described that proceeds from their corresponding amides by a ‘dry’
hydrolysis with phthalic anhydride in the absence of water and solvent. The method affords carboxylic acids in
good yields and is applicable to a variety of substrates. © 2000 Elsevier Science Ltd. All rights reserved.
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Hydrolysis is a fundamental process in organic chemistry. The introduction of new reagents and the
modification of existing ones are a continuous challenge.1,2 Reagents are now available for almost every
conceivable type of hydrolysis, but in very many instances there are disadvantages associated with their
use: high cost, drastic conditions, lack of sensitivity, toxicity, instability, etc.3,4

The hydrolysis of amides by phthalic anhydride is roughly one century old5 and during this period,
there have been very few studies.6,7 The need for high reaction temperature, expensive co-reagents
(tetrachloro and tetrafluoro phthalic anhydrides) and long reaction periods (6 days to obtain often
only low to moderate yields) has overshadowed its potential advantages and applications in organic
chemistry.7

We have now found that using a moderate pressure of 4 to 10 atm in a closed reactor2 under solvent
and water-free conditions, the hydrolysis of amides with phthalic anhydride takes place in excellent yield
and short reaction times. The reaction allows for the presence of some functional groups thanks to the
rather mild acidic conditions.

Identification with GLC–MS (gas chromatography with a mass spectrometer detector) of the com-
ponents of the reaction mixtures, initially containing equimolar quantities of benzamide and phthalic
anhydride, allowed the reaction pathway illustrated in Scheme 1 to be established. The expected com-
pounds4 and5, respectively the carboxylic acid and phthalimide corresponding to the starting amide1
and phthalic anhydride2, as well as the reaction intermediate3, have been identified.8

The water equivalent needed for complete hydrolysis of the amide is provided by phthalic anhydride,
which is converted to phthalimide. Because this hydrolysis reaction is run without the addition of water,
we call it ‘dry’ hydrolysis.
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Scheme 1.

The generally drastic conditions of amide hydrolysis lead to severe drawbacks with compounds
containing sensitive functional groups. The method described here was tested as a possible alternative.9

The results obtained with a series of bifunctional compounds are displayed (see Table 1).10 Fairly good
yields were obtained simply by using the mild reaction conditions even for pivalamide with its steric
hindrance. No side product was detected, except for ethylamidoacetate. In this case, decarboxylation
also occurs: malonic acid, acetic acid and acetamide have been identified as side products.

Table 1
‘Dry’ hydrolysis of amides1 to carboxylic acids4 (T=240–250°C;P=4 atm)
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In summary, an extremely simple method for the preparation of carboxylic acids and phthalimides
has been developed that uses cheap co-reagents and a reactor with moderate pressure of a few atms,
available in every organic laboratory. This method generally affords good yields of carboxylic acids in
short reaction times (less than 1 h) using phthalic anhydride as a means of generating water in situ.
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