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A simple microwave-assisted method for the conversion of carboxylic acids to MTM esters is presented.
This new process allows for rapid introduction of an MTM ester protecting group to a variety of carboxylic
acids including alkyl, electron-rich aromatic, and long chain unsaturated carboxylic acids. The products
isolated from this reaction are very pure after a simple extraction, which eliminates the need for further
purification. The reaction has also been carried out on 1.50 g without deterioration of product yields or
purity.
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Methylthiomethyl (MTM) esters have been utilized as protect-
ing groups for carboxylic acids for nearly four decades.1 Although
this protection strategy has been realized in the literature for a
long period of time, the synthetic preparation for the MTM ester
has seen very little change over the past thirty years.2 Two tradi-
tional routes for converting carboxylic acids to MTM esters involve
reacting a carboxylate anion with methylthiomethyl chloride
(MTM-Cl)1c or treating carboxylic acids with t-butyl bromide in di-
methyl sulfoxide (DMSO).1d,e The former method uses known toxic
reagents, MTM-Cl and 18-crown-6.3 For example, upon exposure, it
is known that crown ethers are readily absorbed through the skin,
which can ultimately lead to CNS effects.4 The latter procedure re-
quires a large excess (10 equiv) of a halogenated hydrocarbon, t-
butyl bromide, which has been found to be a carcinogen.3 While
MTM esters have mostly been employed as protecting groups, they
have also been used in the synthesis of chloromethyl esters,2c and
for ortho-thiomethylation of arylacetic acid derivatives.5 In this re-
port, we present a simple direct transformation of carboxylic acids
to MTM esters via a microwave-assisted Pummerer rearrangement
with DMSO (Scheme 1). While the Pummerer rearrangement has
been known in the literature for over one hundred years,6 to our
knowledge, there are no reports of a Pummerer reaction on DMSO
to functionalize carboxylic acids using a microwave-assisted proto-
col.7–9
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merman).
Our experiments began by evaluating the reaction of benzoic
acid with DMSO in a conventional microwave.10 Initially we found
that after 3 min. of microwave irradiation in an open reaction vial,
63% of MTM ester 2a was obtained (Table 1, entry 1). Although, the
yield was modest, the product was very pure (>95%) after a simple
extraction, and therefore, no further purification was needed. We
then evaluated the same reaction using more traditional heating
conditions (entry 2). After a 4 h reflux in DMSO, 27% of 2a was iso-
lated. Since the microwave-assisted method was found to be supe-
rior to traditional heating in both reaction time and product yield,
we expanded our studies on this microwave process and focused
Scheme 1. Preparation of MTM esters.
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Table 1
MTM ester synthesis of carboxylic acid derivatives via a microwave Pummerer
rearrangement with DMSO

Entry –X Time (min) Concn. (M) Yielda (%)

1 –OH 3 2 63
2 –OH N/A 3.3 27b

3 –O2CPh 3 2 83
4 –Cl <1 2 Decomp.c

5 –OCH3 3 2 N.R.d

6 –NH2 3 2 N.R.d

7 –OH 10 2 71
8 –OH 10 1 71
9 –OH 10 4 62

10 –OH 15 2 65
11 –OH 7 2 49e

a Isolated yields.
b Reaction was refluxed for 4 h.
c Reaction mixture decomposed.
d No reaction was observed.
e Carried out in a microwave reactor at 150 �C (150 W, max. of 140 psi) for 7 min.
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our attention on evaluating other carboxylic acid derivatives. Ben-
zoic anhydride gave an excellent yield of 2a, again with good purity
after extraction. Methyl benzoate and benzamide resulted in no
product formation (entries 5 and 6), and benzoyl chloride decom-
posed under the microwave reaction conditions (entry 4). Next, we
evaluated both reaction time and concentration. It was discovered
that 10 min. of microwave irradiation was optimal at either 1 or
2 M concentrations (see entries 7 and 8). Longer reaction times
and higher concentrations did not improve product yields (see en-
tries 9 and 10). Finally, we explored this method in a microwave
synthesizer using a sealed reaction vessel (entry 11). A variety of
Table 2
Carboxylic acid screening for microwave-assisted MTM ester synthesis12

Entry Product R Yielda (%)

1 2a Ph– 71
2 2b PhCHCH– 65
3 2c PhCH2– 69
4 2d PhCH2CH2– 88
5 2e CH3(CH2)6– 91
6 2f p-CH3-Ph– 82
7 2g 3,4-Dimethoxy-Ph– 94
8 2h p-CHO-Ph– 20
9 2i m-Cl-Ph– 38

10 2j 9213

11 2k 95

12 2l 9414

a Isolated yields.
parameters on the synthesizer were adjusted including reaction
time, microwave power, and pressure (not all data shown), yet
product yields were consistently lower than irradiating for
10 min. with an open reaction vial in a conventional microwave
(1380 W).

With the optimized conditions in hand, we explored a series of
carboxylic acids in order to determine the scope of this reaction
(Table 2). It was observed that aliphatic acids such as hydrocinnam-
ic and octanoic acid give superior yields to simple aromatic acids
such as benzoic (see entries 1, 4 and 5). Electron rich aromatic car-
boxylic acids gave excellent yields of the MTM-ester product (see
entries 6 and 7), while electron deficient acids resulted in low yields
of the desired product (entries 8 and 9). This procedure was also
found to be very efficient for converting long chain unsaturated
fatty acids, such as oleic acid, to the corresponding MTM ester (entry
11). Branched carboxylic acids including 2-phenylbutyric acid and
ibuprofen also proved to give excellent yields of the desired product
(entries 10 and 12). In general, lower yields of the reactions were
due to incomplete reaction conversion as indicated by TLC of the
reaction mixture. In the case of the electron deficient aromatic acids
we suspected that decarboxylation11,8b may have occurred since we
observed some over pressurization in the microwave synthesizer
using a sealed reaction vessel. Albeit, when completing the reaction
on m-chlorobenzoic acid (entry 9) using our method, 38% of the
MTM ester (2i) and 58% of m-chlorobenzoic acid was obtained for
a total of 96% recovery of material. Thus, it is likely that only a small
amount of decarboxylation may be occurring under the reaction
conditions employed here.

Finally, we wanted to test whether this methodology was ame-
nable for larger scale reactions. Therefore, we carried out reactions
on 1.50 g scale with 2-phenylbutanoic acid (1j), oleic acid (1k), and
ibuprofen (1l) (Scheme 2). The results from the scale-up reactions
were very similar to the previously reported reactions.15 Again, all
products were obtained pure after a simple extraction, which elim-
inated the need for further purification.

A possible mechanism for this microwave-assisted MTM ester
synthesis of carboxylic acids is shown in Figure 1.16 Initially DSMO
reacts with the acid to give the acylated DMSO adduct 4. Elimina-
tion yields the thionium intermediate 5, which undergoes addition
with the carboxylate anion to yield the MTM ester product 6. An
alternate mechanistic route would involve anhydride formation
from the dimerization of two carboxylic acids. Once formed, the
Scheme 2. Scaled-up reactions to form MTM esters.
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Figure 1. Proposed mechanism for microwave-assisted MTM ester synthesis from
carboxylic acids and DMSO.
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anhydride would also produce the activated DMSO intermediate 4
and ultimately yield desired product 6.

In conclusion, we have reported a simple method for the prep-
aration of MTM esters from carboxylic acids using a microwave-as-
sisted protocol. This method is compatible with a variety of
carboxylic acids including alkyl, electron-rich aromatic, and long
chain unsaturated carboxylic acids. The procedure was also suc-
cessfully carried out on up to 1.50 g scale without deterioration
in yields or product purity. The products obtained from this meth-
od are very pure after a simple extraction, and therefore, the need
for further purification is not necessary.
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