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GENERATION OF ESTERS FROM CARBOXYLIC ACIDS
USING APPEL'S SALT (4,5-DICHLORO-1,2,3-DITHIAZOLIUM CHLORIDE)
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Abstract: Esters can be generated directly in good yields under mild conditions from the
.corresponding carboxylic acid and alcohol using Appel's salt (4,5-dichloro-1,2,3-dithiazolium chioride)
and 2,6-lutidine.

The conversion of carboxylic acids into esters is a valuable reaction in organic synthesis and a
large number of methods have been developed for this transformation.! Nevertheless, there is still
great demand for mild, simple procedures to generate esters. Recent work in this area has included
the activation of carboxytic acids towards esterification by converting the acid into metal carboxylate
salts?, anhydrides3, mixed anhydrides#, and various types of thiol esters.5 The Mukaiyama group
has enjoyed much success in transforming carboxylic acids into esters using 2-halopyridinium salts
and related compounds.® Their work is based on the consideration that the 2-halo position of the
pyridinium salt is susceptible to nucleophilic attack by a carboxylate anion and that the resultant 2-
acyloxypyridinium salt can, upon nucleophilic attack by an alcohol at the acyl carbon, be converted
into the ester and a pyridone.

We have now developed an extremely miid technique for the conversion of carboxylic acids to
esters using readily available Appel's salt (1)7 and equimolar amounts of the carboxylic acid and
alcohol (Eq 1). This methodology is mechanistically analogous to the route exploned by Mukaiyama
in that it involves the mild in situ formation of an activated acid via carboxylate anion attack on the
dithiazolium salt 1, followed by nucleophilic attack of the alcohol to give the ester and a stable
heterocyclic by-product. Mukaiyama's protocol works best at 40 - 111° C,8 while our method gives
esters under milder conditions (-78° C to rt) and thus is potentially useful for sensitive substrates.
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The reaction consists of mixing equimolar amounts of a carboxylic acid and alcohol with readily
available Appel's salt (1)7 and 2 equivalents of 2,6-lutidine at -78° C in CHzClz and warming to room
temperature (Eq 1). We believe the reaction proceeds via the activated species 2 89 which is
subsequently attacked by the alcohot to afford the ester and:the thione 3. The reaction requires two
equivalents of base, one toinitially deprotonate the acid and one to scavenge HCI.

A number of different bases were initially screened in order to optimize conditions. Reactions
were compared using equimolar amounts of cyclohexanecarboxylic acid and benzyl alcohol, 1.2
equivalents of Appel's salt, and 2.4 equivalents of base under identical conditions.!® The choice of
base is critical to the success of the process, as depicted in Table 1. Bases such as proton sponge1!
or trialkylamines gave poor yields of the ester, while optimum results were obtained using 2,6-lutidine.
The reaction was found to work best when the acid, alcohol, base and 1 were mixed at -78° C in
CH2Cl; and allowed to slowly warm to room temperature over 5-12 hours.12 Heating the mixture
above room temperature usually resulted in lower yields and more complex product mixtures.
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® All reactions were carried out using 1 equiv.of acid, 1 equiv.
of alcohol, 1.2 equiv. of 1, 2.4 equiv. of base.
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Once the reaction conditions were optimized, we probéd the scope and generality of the
reaction. A number of different acids and alcohols were studied and a representative sample is
shown in Table 2. The reaction gave modest to good yields of esters, depending on the alcohol used.
Primary alcohols gave the best yields of esters, followed by secondary and then tertiary, probably due
to the steric interactions in the attack of the-aicohol on the activated intermediate 2. However, even ¢
butanol gave a 39% yield of the ester of phenylacetic acid. It is of interest to note that the reaction of
phenylacetic acid with phenol did not yield any ester. One explanation for this result is that the phenol
may be deprotonated by the base and the resultant aryloxy anion may compete with the carboxylate
anion for the dithiazolium salt 1, resulting in compiex mixtures.

Iable 2. Preparation of esters from carboxylic acids and alcohols using Appel's salt.®
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Acid Nucleophile _lsolated Yield (%) Acid Nucleophile _Isolated Yieid (%)
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® Al reactions were carried out using the general procedure. b trans-cinnamyi alcohol was used.

General Procedure for the Esterification of Carboxylic Acids. To a stirred slurry of the
dithiazolium salt 17 (0.207 g, 1.0 mmol) in 3 mL of dry CH2Cl2 under an Ar atmosphere at -78° C was
added a solution of the acid (0.87 mmol), alcohol (0.87 mmet) and 2,6-lutidine (0.233 mL, 2.0 mmol)
in 1 mL of dry CH2Cl2 over a period of 1 min. The mixture was stirred at -78° C for 2 h and warmed to
rt overnight (12 h). The reaction was quenched with 5 g of ice and was poured into 5 mL of CHxCla.
The organic layer was washed with brine (2 x 10 mL), dried over MgSO,, filtered through a plug of
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silica gel (CH2Cl2) and concentrated in vacue. The residue was purified by silica gel chromatography.
Yields of isolated products are given in Table 2.
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