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Abstract—An environmentally friendly process for the esterification of carboxylic acids with dimethyl carbonate can be
accelerated by employing a combined strategy: using 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) as the catalyst (chemical means)
and microwave as the energy source (physical means). This approach provides synthetic advantages, niches, and upscalability.
© 2002 Published by Elsevier Science Ltd.

The transformation of carboxylic acids into the corre-
sponding methyl esters is a popular and fundamental
process in organic synthesis and has been thoroughly
documented in the literature.1 Protection of amino
acids as their methyl esters is also an important strategy
for peptide synthesis because of its simple deprotection
conditions.2 The reported procedures for the synthesis
of methyl esters require the use of strong acids (e.g.
sulfuric acid, hydrochloric acid), toxic chemicals
(methyl iodide or dimethyl sulfate) or unsafe reagents
(diazomethane). Esterification of sterically-hindered
acids is also difficult, due to increased steric hindrance
in their transition states. Considering the impacts of
toxic and hazardous reagents on ecology and human
beings, as well as the need for a more efficient method
for the formation of sterically-hindered methyl esters,
exploration of alternative syntheses to overcome these
issues is a compelling task. Several advanced method-
ologies with improved process efficiency have been
introduced recently.3,4 However, the consequences of
toxic reagents and wastes are not properly addressed by
these new processes. Recently, we discovered that ester-
ification of carboxylic acids with dimethyl carbonate
(DMC), an environmentally friendly process that gener-
ates methanol and CO2 as by-products, can be pro-
moted by DBU under mild conditions.5 We found that
DBU functions as a nucleophilic catalyst and reacts
with DMC to form a more activated alkylating reagent,
which enables the esterification to proceed at a lower

temperature (90°C)5 without the use of autoclaves
(175°C).6

In recent years, microwave-assisted transformations
have become popular in promoting organic reactions.7–13

A microwave-induced esterification for acetic acid is
reported by Kabza.14 However, most of these applica-
tions utilize domestic microwave ovens that lack scale-
up capability. This constraint restricts the use of this
valuable technology for large-scale synthesis. We report
herein a microwave-accelerated esterification of car-
boxylic acids using a commercial continuous-flow reac-
tor that is capable of processing large quantities
(hundred grams) of substrates.15

This microwave reactor has an in-line thermal sensor,
which is able to monitor the temperature profile of the
reaction mixture. The reactor also has an in-line pres-
sure control valve, which enables volatile DMC be
processed safely at temperatures above its boiling point
(90°C). In a typical procedure, a solution containing a
carboxylic acid (5 g), DBU (1 equiv.), DMC (50 mL)
and CH3CN (50 mL) is circulated by a pump through
the microwave reactor pre-heated to 160°C at 20 bar by
microwave irradiation. Under these conditions, the
esterification rate can be accelerated from hours to
minutes, which represents a rate increase of approxi-
mately 80 folds (Table 1). Since quantitative conver-
sions are achieved in many cases, clean products can be
isolated after performing aqueous acid and base washes
and evaporating solvents.

Employing the microwave protocol, benzoic acid was
converted to its methyl ester in 12 min. For substituted
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Table 1. Esterification of carboxylic acids with DMC and DBU

benzoic acids, such as sterically-hindered 2,6-dimethoxy
and unactivated 2,6-dichlorobenzoic acid, transforma-
tion into the esters was achieved in 12 and 24 min,
respectively (entries 2 and 3). A clean regioselectivity
was observed for the preparation of methyl ester of
phenylacetic acid (entry 5). Although ester 5 contains
an activated methylene carbon, no �-methylated
product 4 was generated under the microwave condi-
tions.16 For a Boc-protected amino acid, the esterifica-
tion yield was excellent (entry 6). The isolated
N-�-t-Boc-L-proline methyl ester (6) was essentially
epimerization-free as determined by a chiral HPLC
analysis. In comparison, when the thermal protocol
(90°C, 16 h) was employed for the same esterification,
partial epimerization (3.5%)5 was detected in the iso-

lated ester 6. The microwave protocol (160°C, 20 bar)
was also applied to the synthesis of an epimerization-
sensitive amino ester, N-�-Cbz-N-methylphenylalanine
methyl ester (7), and afforded the product in 12 min
(97% yield, 58% ee) (entry 7). In comparison, when
thermal conditions (90°C, 16 h) were utilized, a nearly
total epimerization (2% ee) was observed for the iso-
lated ester 7. These results suggest that ester 7 is
epimerization-sensitive in the presence of DBU (pKa=
12).17 The degree of epimerization presumably depends
more on reaction time than on reaction temperature.
Indeed, by increasing the reaction temperature to 190°C
by microwave irradiation in the presence of a phase
transfer catalyst, tetrabutylammonium iodide (TBAI),
synthesis of 7 can be accomplished in 2 min (99%) with
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higher optical purity (70% ee).18 To expand the syn-
thetic utility, an acid-sensitive carbohydrate ester 8 was
prepared in excellent yield (95%) under microwave con-
ditions (entry 8). Esterification of 2,3:4,6-di-O-iso-
propylidene-2-keto-L-gulonic acid (entry 8) and
N-�-t-Boc-L-proline (entry 6) demonstrates another
niche for this methodology. These esters, containing
acid-sensitive functionalities, would not survive acid-
catalyzed esterification conditions.19

Investigation of the reproducibility and scale-up feasi-
bility of the microwave protocol was also conducted.
To prove the concept, esterification of benzoic acid was
chosen because of its economic advantage. We found
that methyl benzoate could be synthesized at a 10 g
scale with consistent yield and time. Similarly, benzoic
acid at 50 and 100 g scales was regularly converted to
its methyl ester in 20 min (microwave residency time).

In conclusion, the present microwave protocol provides
an efficient method for the esterification of the follow-
ing carboxylic acids: aromatic, sterically-hindered,
amino, and carbohydrate. The notable advantages of
this synthetic strategy are: (a) the use of a cheaper and
‘green’ methylating reagent (DMC), (b) the efficiency
and applicability to sterically-hindered acids, (c) repro-
ducibility and upscalability, (d) feasibility for acid-sen-
sitive functionality, (e) compatibility with commonly
used amino acid protecting groups, such as Boc and
Cbz, (f) tolerance or minimization of epimerization, (g)
rapid reaction rates (in minutes), and (h) high yields.
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