
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
N

ov
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 1
0:

34
:5

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Autocatalytic me
Fig. 1 Selected bioactive MTM este

aState Key Laboratory of Functions and Ap

Medical University, Guiyang 550014, P

1039160204@qq.com
bThe Key Laboratory of Chemistry for Nat

Chinese Academy of Sciences, Guiyang 5500
cDepartment of Food and Medicine, Guiz

Qingzhen 551400, P. R. China

† Electronic supplementary informa
https://doi.org/10.1039/d2ra06618a

Cite this: RSC Adv., 2022, 12, 33156

Received 20th October 2022
Accepted 9th November 2022

DOI: 10.1039/d2ra06618a

rsc.li/rsc-advances

33156 | RSC Adv., 2022, 12, 33156–3
thylthiomethylation of carboxylic
acid/phenol involving the formation of DMSO
enolate: convenient synthesis of methylthiomethyl
ester/ether†
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This work reported a simple and practical protocol for the preparation of methylthiomethyl (MTM) esters/

ethers directly from carboxylic acid/phenol and dimethylsulfoxide (DMSO) as solvent and methylthiomethyl

source. With different types of carboxylic acids/phenols the reactions underwent smooth transformation to

afford the corresponding MTM esters/ethers in moderate to excellent yields. This method features catalyst-

free, easy to operate, broad substrate scope, good functional group tolerance and involvement of the

formation of DMSO enolate.
Introduction

Methylthiomethyl (MTM) groups exist in some functional
molecules and have been used as important protecting groups
for carboxylic acids.1 The MTM group could serve as activating
group for the amidation of acids.2 MTM esters also used as
avor additives in some dairy and oil products.3 In addition, the
compounds that contain MTM esters groups displayed varied
r/ether.
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bioactivities such as anti-viral,4 anti-inammatory,5 and dopa-
minergic6 properties (Fig. 1). Consequently, the preparation of
MTM esters have gained widespread attention.

Traditionally, the MTM esters were synthesized from meth-
ylthiomethyl chloride (MTM-Cl) and carboxylic acid catalyzed by
base and 18-crown-6.7 However, the application of this method
was limited by the use of toxic reagents, MTM-Cl and 18-crown-
6. Another typical strategy for the synthesis of MTM esters from
activated DMSO and carboxylic acid via a Pummerer rear-
rangement have been explored. However, this methodology
need using activating reagents, such as tert-butyl bromide,5

dicyclohexylcarbodiimide,8 sulfuryl chloride,9 and N-
chlorosuccinimide.10

Recently, several procedures for the preparation of MTM
esters using unactivated DMSO and carboxylic acids/acyl chlo-
rides as the starting materials have been reported.11 Despite
signicant advances, these methods suffer some disadvantages
such as need of microwave-assisted11a and the use of
catalysts.11b–f Therefore, it is still desirable to develop new
convenient, efficient and environment-friendly methods.

We found that MTM esters could be efficiently prepared
from carboxylic acid and DMSO under traditional heating
conditions. This methylthiomethylation involving the forma-
tion of DMSO enolate. Phenols were also compatible with this
transformation to give corresponding MTM phenyl ethers
which were commonly synthesized in the presence of base
catalyst from phenols and DMSO/chloromethyl methyl sulde.12

The method has several additional advantages such as easy to
operate, broad substrate scope and good functional group
tolerance.
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Substrate scope of carboxylic acidsa
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Herein, we wish to report an autocatalytic methyl-
thiomethylation of carboxylic acids/phenols involving the
formation of DMSO enolate for the synthesis of MTM esters/
ethers.
a Reaction conditions: 1a (0.3 mmol), DMSO (1 mL). b Reaction time (5
min). c Reaction time (60 min).
Results and discussion

Initially, our studies were carried out with readily available
benzoic acid 1a as the model substrate to optimize the reaction
conditions. A mixture of 1a (1 equiv.) in DMSO reuxed for 2 h
under an air atmosphere to give the desired product 2a in 23%
yield (Table 1, entry 1). To further improve the reaction yield, we
then investigated the impact of the reaction time. To our
delight, the yield could be extremely improved when the reac-
tion time was decreased and found that 15 min was the best
choice (Table 1, entries 2–5). However, further decreasing the
reaction time (10 min) had a reduction in yield (Table 1, entry
6). Thus it can be seen that this reaction depends mainly upon
the reaction time. Decreasing the reaction temperature led to
decreased isolated yields (Table 1, entries 7–8). Subsequently,
various solvents such as DMF, 1,4-dioxane, THF and EtOH were
screened, and no improvement in transformation was observed
(Table 1, entries 9–12). Therefore, the optimized reaction
conditions were determined as 1a (0.3 mmol) in DMSO (1 mL)
reuxed for 15 min under an air atmosphere (Table 1, entry 5).

With the optimised conditions in hand, the scope of the
substrates was explored by varying carboxylic acids 1 (Table 2).
As shown in Table 2, this protocol was suitable for various
carboxylic acids, including aromatic, aliphatic, unsaturated and
heteroaromatic carboxylic acids. Specically, electron-donating
groups (OMe, Me, ethyl and NH2) on the aromatic acids
provided excellent yields (Table 2, 2b–2e and 2g). However, the
hydroxyl group had limited inuence on the yield (Table 2, 2f). It
was observed that the stronger electron-donating effect
Table 1 Optimization of reaction conditionsa

Entry T (°C) Time (min) Solvent 2ab (%)

1 Reux 120 — 23
2 Reux 60 — 37
3 Reux 30 — 70
4 Reux 20 — 79
5 Reux 15 — 85
6 Reux 10 — 68
7c 180 15 — 11
8 190 15 — 66
9 Reux 15 DMF 12
10 Reux 15 1,4-Dioxane —
11 Reux 15 THF —
12 Reux 15 EtOH —

a Reaction conditions: 1a (0.3 mmol), DMSO (1 mL), solvent (1 mL).
b Isolated yield. c Reaction carried out in a pressure-resistant reaction
bottle.

© 2022 The Author(s). Published by the Royal Society of Chemistry
provided better yields (Table 2, 2b vs. 2c and 2d vs. 2e). Electron-
withdrawing groups, such as F, Cl, Br, NO2 and CF3, led to lower
yields (Table 2, 2h–2m). Cyano-substituted benzoic acid gave
the desired product in 95% yield (Table 2, 2n). It was also found
that this procedure was efficient for converting 2-naph-
thalenecarboxylic acid, niacin, 2-thiophenecarboxylic acid, 3-
furoic acid, 5-phenyl-2,4-pentadienoic acid and succinic acid to
the corresponding MTM esters in good yields (Table 2, 2o–2u),
and that hydroxyl and amino groups could be tolerated (Table 2,
2f and 2g). Interestingly, the dimethylthiomethyl ester 2u was
detected as the main product when prolonging the reaction
time to 60 min.

Next, reactions between phenols 3 and DMSO were carried
out (Table 3). Phenols were also amenable to this autocatalytic
methylthiomethylation to give MTM phenyl ethers in moderate
yields (4a–4g, reaction condition optimization see Table S1†).
We envisioned that the enol form of DMSO was generated in
this transformation. In order to gain a clear insight into this
reaction, the preliminary mechanistic studies were carried out
(Scheme 1). The DMSO enolate 5 was detected from DMSO-d6
(Scheme 1, eqn (1)), and the desired product 2awas not detected
when methyl benzoate 1ab was used (Scheme 1, eqn (2)). These
RSC Adv., 2022, 12, 33156–33159 | 33157
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Table 3 Synthesis of MTM phenyl ethersa

a Reaction conditions: 3 (0.3 mmol), DMSO (1 mL). b Reaction
conditions: phenylglyoxylic acid (0.3 mmol), DMSO (1 mL), 200 °C,
3 h. c Reaction conditions: benzenesulfonic acid (0.3 mmol), DMSO (1
mL), 200 °C, 3 h. NA referred to “not available”.

Scheme 1 Control experiments.

Table 4 Applications in biologically relevant natural products
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observations collectively suggested that the enolization of
DMSO was occurred in the presence of benzoic acid. Then, the
radical scavenger TEMPO and BHT were employed for this
reaction. The reactions were not inhibited which demonstrated
that this procedure might rule out the radical pathway (Scheme
1, eqn (3)). The scope and limitation of the reaction was further
explored regarding phenylglyoxylic acid, benzenesulfonic acid,
n-butanol, n-butyl mercaptan and 2-naphthalenethiol. Unfor-
tunately, corresponding MTM products were not detected
(Table 3, 6–10).

The important synthetic value of this method was further
examined by its application in several biologically relevant
molecules to prepare corresponding MTM esters (Table 4).
Oleanolic acid and 1a,2b-dihydroxyursolic acid were compatible
with the reaction, giving rise to the target MTM products 2v, 2w
in good yields. Coumalic acid is a lactone compound that could
be converted to MTM ester in good yield (Table 4, 2x). Ferulic
33158 | RSC Adv., 2022, 12, 33156–33159
acid also proved to give modulate yield of the desired product
(Table 4, 2y). Furthermore, biotin and 6-carboxyoxindole were
also applicable to the reaction system, and the desired products
2z and 2aa were assembled in 62% and 97% yields, respectively.

To demonstrated the synthetic potential of this method-
ology, reactions were conducted on gram scale (Scheme 2). The
gram-scale reactions also proceeded well to afford correspond-
ing products in moderate to good yields.

A plausible mechanism was proposed as described in
Scheme 3. Intermediate 11 is formed from the enolization of
DMSO, which aer subsequent dehydration gives the thionium
species 12. Then, intermediate 12 undergoes addition with
carboxylate or phenoxy anion to produce 2a or 4a.
Scheme 2 Gram-scale reactions.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Plausible mechanism.
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Conclusions

In summary, herein we developed a convenient and practical
procedure for the preparation of MTM esters/ethers directly
from carboxylic acids/phenols and DMSO under traditional
heating conditions. This autocatalytic methylthiomethylation
showed a broad substrate scope and good tolerance for func-
tional groups such as hydroxyl, amino and amide group. This
protocol also features easy to operate, catalyst-free and
involvement of the formation of DMSO enolate.
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