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Abstract: N,N’-Dicyclohexylcarbodiimide/base-promoted esterifi-
cation of carboxylic acids containing a-halogen atom(s) gave low
yields of products when performed in a solvent. This failure was
found to be due to the low stability of appropriate intermediates un-
der the reaction conditions. On the other hand, high yields of esters
were obtained, when the same esterification was performed without
both the solvent and base. Carboxylic acids without a-halogen at-
om(s) also undergo the esterification under solvent- and base-free
conditions giving products in medium yield.
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The N,N-dialkyldiimides in general and dicyclohexylcar-
bodiimide (DCC) in particular, have broadly been used as
dehydrating condensing agents.1-4 There are many exam-
ples of their versatile utilization described in the literature
including esterification of carboxylic acids,5-7 fatty ac-
ids,8,9 peptides10-12 and acids with sensitive functionality
in the molecule.9,13,14 Besides this, N,N-dialkyldiimides
were also found useful for reduction of carboxylic acids
with lithiumborohydride,15 olefin epoxidation,16 intramo-
lecular dehydration of b-hydroxyalkyl phosphonic ac-
ids,17 kinetic resolution of racemic carboxylic acids,18,19

non-classical acetalation of pyranoses20 and of others.
However, in spite of this rather broad applicability range,
the most common use of N,N-dialkyldiimides remains in
their mediation of reactions between alcohols and organic
acids.

It has been well documented1,3,7,21-25 that diimide-promot-
ed esterifications include the formation of O-acyldialkyl
urea (O-acyl-DCU)1,3,21-24 and/or the corresponding anhy-
dride which may originate from the first species by a nu-
cleophilic attack of the second molecule of the acid.7,25 In
addition to these base-catalyzed reactions,6 the reaction
milieu may  cause  an intramolecular rearrangement  of
O-acyl-DCU to the corresponding N-acyl derivative.26,27

The independent kinetic experiments by Balcom28 support
the view that the DCC-promoted esterification is a rather
complex process affected by interaction between all par-
ticipating components, including solvents. In other words,
the yields of products depend on the stability of reaction
intermediates under the reaction conditions used. 

As a part of our ongoing work, we recently required ac-
cess to a series of carboxylic esters containing a-halogen
atom(s) in the molecule for the synthesis of biologically
interesting targets. Intrigued by the possibility that the
DCC-promoted esterification would lead to the desired
esters, we investigated this reaction in more details. While

the DCC method in its classical form certainly provides a
versatile approach for the synthesis of numerous esters,
we have found that the conditions are incompatible with
the presence of a-halogen functionality. Similar failures
have also been previously observed.6,8 When applied to
the a-halogen substituted acids, the method suffers from
low ester yields while producing an unacceptably large
amount of side-products such as N-acyl and N,N´-diacyl
derivatives. This limitation prompted us to develop a new
esterification route to the a-halogen framework employ-
ing a solvent- as well as base-free reaction medium.29

Such a methodology offers an additional advantage since
it is in line with the green chemistry (eco-friendly technol-
ogies) concept.30 

Table Prepared (1R,2S,5R)-( )-Menthyl Esters (see text for details)

Here we report our results indicating the success of this
new strategy when used for the esterification of a-halogen
substituted acetic acids with (1R, 2S, 5R)-(-)-menthol as a
model alcohol. The menthyl esters prepared in this work
are listed in the Table. Mosher and palmitic acids (entry 7,
8) were also included as non-halogen atom containing car-
boxylic acids. 

The Table lists the results of the DCC mediated esterifica-
tions performed without the presence of any base and sol-
vent with equimolar amounts of reagents (A) as well as
with two-fold excess of an acid (B). In order to compare
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the new method with those broadly used today, esterifica-
tions of particular acids were also done in a solvent under
the base catalysis according to Hassner (C, equimolar
amounts of all ingredients),7 Wiener (D, two-fold excess
of an alcohol)8 or Svatoš (E, three-folds excess of DCC
and acid, resp.).24 In addition, all reagents in equimolar
quantities were mixed and the base (DMAP) was added as
the last (F).

The data obtained revealed that the DCC solvent- and
base-free esterifications afford high to medium yields of
esters with structurally different carboxylic acids while
the yields of reactions performed in the solvent are signif-
icantly structure-dependent affording a broad spectrum of
yields that range from 20% (entry 1) to more than 90%
(entry 6). It appears that these yields approximately corre-
late with the electronegativity of the acid. Two-fold ex-
cess of an acid which is needed when the acid anhydride
is assumed to be present as reaction intermediate appar-
ently decreases the yield probably due to acid-catalyzed
side-reactions (B).31 

The relatively high temperature used during the reaction
affects the conversion positively even when the tempera-
ture-sensitive acids were subjected to the esterification
(entry 7). Comparing all the solvent-based  methods
considered, the best results are obtained either with three-
fold excess of reagents to the alcohol used (E) or with
equimolar quantities of all chemicals when the base is
added as the last component which minimizes the neutral-
ization process by excess of an acid (F). 

A general comparison of all solvent-based models with
our solvent- and base-free method indicates that the sol-
vent- and/or base-mediated consecutive reaction of the
rather  unstable  O-acyl-DCU  (9)  into   the   undesired
N-acylderivatives (10 and 11) is eliminated. Consequent-
ly, only the ester products and DCU (12) are present in the
reaction mixture. The fact that optimum results are ob-
tained using equimolar amounts of all chemicals led us to
believe that the anhydride does not participate in the reac-
tion. This assumption was additionally proved by spectral
data (neither NMR or IR spectra of the reaction mixture
showed the presence of anhydride-related bands). Thus,
compared to the general mechanism of DCC-promoted
esterification1,7,8 the simplified picture shown in the
Scheme 2 seems to be the most consistent with experi-
mental evidence given above for solvent- and base-free
conditions.

In conclusion, the method reported here offers a useful al-
ternative to the broadly used DCC promoted esterifica-
tions giving satisfactory results with structurally different
substrates. It simplifies the reaction because dry solvents
as well as base are no more needed. The reaction design
suppresses the formation of reaction side-products so high
yields can be expected. Reproducibility as well as isola-
tion procedures are high and easy, respectively.
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