
This article was downloaded by: [Florida International University]
On: 16 August 2013, At: 13:46
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International
Journal for Rapid Communication of
Synthetic Organic Chemistry
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/lsyc20

Simple Preparation of Symmetrical Carboxylic
Acid Anhydrides by Means of Na2CO3/SOCl2
F. Kazemi a , A. R. Kiasat b & B. Mombaini b
a Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran
b Chemistry Department, College of Science, Shahid Chamran University,
Ahvaz, Iran
Published online: 10 Sep 2007.

To cite this article: F. Kazemi , A. R. Kiasat & B. Mombaini (2007) Simple Preparation of Symmetrical
Carboxylic Acid Anhydrides by Means of Na2CO3/SOCl2 , Synthetic Communications: An International
Journal for Rapid Communication of Synthetic Organic Chemistry, 37:18, 3219-3223, DOI:
10.1080/00397910701547904

To link to this article:  http://dx.doi.org/10.1080/00397910701547904

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”)
contained in the publications on our platform. However, Taylor & Francis, our agents, and our
licensors make no representations or warranties whatsoever as to the accuracy, completeness, or
suitability for any purpose of the Content. Any opinions and views expressed in this publication
are the opinions and views of the authors, and are not the views of or endorsed by Taylor &
Francis. The accuracy of the Content should not be relied upon and should be independently
verified with primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities
whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden. Terms & Conditions of access and use
can be found at http://www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910701547904
http://dx.doi.org/10.1080/00397910701547904
http://www.tandfonline.com/page/terms-and-conditions


Simple Preparation of Symmetrical
Carboxylic Acid Anhydrides by Means

of Na2CO3/SOCl2

F. Kazemi

Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

A. R. Kiasat and B. Mombaini

Chemistry Department, College of Science, Shahid Chamran University,

Ahvaz, Iran

Abstract: A convenient and general method for the synthesis of symmetrical

carboxylic acid anhydrides using sodium carbonate/thionyl chloride is described.
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Symmetrical carboxylic acid anhydrides have been recommended as reagents

for esters, amides, and peptide synthesis.[1,2] Generally, carboxylic acid anhy-

drides are prepared by reacting sodium, potassium, and especially thallium salts

of carboxylic acids with powerful acylating agents, such as acid chlorides[3,4] or

acid anhydrides,[3,5] or reacting carboxylic acids with dehydrative coupling

agents such as thionyl chloride,[2] ketene,[6] phosgene,[7] dicyclohexylcarbodii-

mide,[8] N,N-carbonyldimidazole,[6] isocyanate,[9] ethoxyacetylene,[6] bromo-

triphenylphosphonium bromide,[10] N-phenylphosphoramidochloridate,[10]

diphenylphosphorochloridate,[10] bis (trichloromethyl) carbonate,[7] or tri-

chloroacetonitrile/PPh3.[3] However, many of these methods have some limit-

ations, including low yields, laborious procedures, expensive or not readily

accessible reagents, unstable or special reagents, harsh reaction conditions,
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necessary presence of a phase-transfer catalyst, or perhaps, most importantly,

tedious workup. Therefore, introducing mild, efficient, and inexpensive

reagents and methods for such functional group transformation still is in

demand. In our development of new methods for functional group transform-

ation,[11] we are especially interested in developing the application of a

modified form of thionyl chloride in organic synthesis. Along this line, very

recently we have found that SOCl2 in the presence of polyvinylpyrrolidone,[11e]

1,4-diazabicyclo[2.2.2]octane,[11f] and Na2SO3
[11g] serves as a mild dehydrat-

ing agent for the conversion of aldoximes to the corresponding nitriles. Here we

report a facile method for dehydration coupling of carboxylic acids to their cor-

responding symmetrical anhydride by use of sodium carbonate/thionyl

chloride as efficient dehydrative coupling reagent under mild nonaqueous

reaction conditions (Scheme 1).

The reagent was easily prepared by the reaction of thionyl chloride with a

stoichiometric amount of sodium carbonate at 08C. Several controlled

reactions were carried out to establish the optimal reaction conditions and

revealed that simple stirring of benzoic acid (1 equivalent) and 1 equivalent

of Na2CO3/SOCl2 (1:1) in a 1:1 mixture of CH2Cl2/dioxane under reflux con-

ditions effected the formation of benzoic anhydride in 88% isolated yield

within 2.5 h. However, the same reaction in CH2Cl2 or dioxane afforded

benzoic anhydride product in 42% or 50%, respectively, along with

unreacted benzoic acid, even after longer reaction time periods. The effects

of other solvents such as CCl4, CH3CN, and tetrahydrofuran (THF) were

also studied, but in comparison with a 1:1 mixture of CH2Cl2/dioxane, the

reaction times were longer and the yields were considerably lower.

The scope and generality of this process is illustrated with several

examples, and the results are summarized in Table 1. The structure of all

the products were settled from their analytical and spectral (IR, 1H NMR)

data and by direct comparison with authentic samples.

As shown in Table 1, the procedure turned out to be general for a range of

structurally diverse carboxylic acids. Aliphatic and aromatic carboxylic acids

were easily dehydrated and afforded the corresponding anhydrides in high

isolated yields. It is noteworthy that no evidence for the formation of car-

boxylic acid chlorides as by-products of the reaction was observed. The

yield of the reaction in the absence of Na2CO3 was very low.

Dicarboxylic acids under the same reaction conditions were cleanly,

easily, and efficiently converted to the corresponding cyclic anhydride in

high isolated yields. Even the sterically hindered camphoric acid has been

Scheme 1.
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Table 1. . Conversion of carboxylic acids to anhydrides using Na2CO3/thionyl

chloride

No. Substrate Product

Time

(h)

Yield

(%)

1 CH3(CH2)3CO2H (CH3(CH2)3Co)2O 2 87

2 CH3(CH2)16CO2H (CH3(CH2)16CO)2O 2 90

3 3 87

4 3 88

5 2.5 88

6 3 87

7 3 87

8 3 86

9 3 85

10 HOOC(CH2)4COOH 3 84

11 3.5 85

Molar ratio of substrate to reagent was 1:1 performed under reflux conditions.

Yields refer to be isolated products.

Products were characterized by comparison of their physical data, IR, and NMR

spectra with those of known samples.
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successfully converted to the corresponding cyclic anhydride, camphoric

anhydride, in 86% isolated yield.

Compared to some previously reported reagents with major or minor

drawbacks, several noteworthy features of this system are apparent. These

are the easy workup procedure, availability of the reagent, operational simpli-

cities, and use of inexpensive reagent.

In summary, we believe this procedure using Na2CO3/SOCl2 will present

a useful and convenient alternative to the existing methods for dehydration

coupling of carboxylic acids. Further application of this dehydrative system

in organic synthesis are currently under investigation.

EXPERIMENTAL

General

Sodium carbonate and thionyl chloride were purchased from Fluka Company.

Carboxylic acids were purchased from Fluka and Merck. Products were

characterized by comparison of their physical data and IR and 1H NMR

spectra with authentic samples. The purity determination of the products

and reaction monitoring were accomplished by thin-layer chromatography

(TLC) on silica-gel polygram SILG/UV 254 plates.

General Procedure for the Conversion of Carboxylic Acid
to Carboxylic Acid Anhydrides with Na2CO3/SOCl2

Fine powdered sodium carbonate (1 mmol, 0.106 g) was mixed with the freshly

distilled thionyl chloride (1 mmol, 0.120 g) in a 25-ml, round-bottomed flask at

room temperature. To the resulting powder, a solution of carboxylic acid

(1 mmol) in a 1:1 mixture of anhydrous CH2Cl2/dioxane (5 ml) was slowly

added and stirred under reflux conditions. The progress of the reaction was

followed by TLC until no starting material could be detected. After cooling

to ambient temperature, the product was then filtered and the residue washed

thoroughly with CH2Cl2 (5 ml). Evaporation of solvent under reduced

pressure furnished the desired anhydride in 43–90% isolated yields.
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