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GRAPHICAL ABSTRACT

Abstract A reaction of SH-containing heterocycles with dimethyl carbonate (DMC) in the

presence of K2CO3 and tetrabutylammonium bromide (Bu4NBr) gave heteroaryl methyl

thioethers in 44–93% yields. The reaction was carried out under mild conditions. This

method provided a useful synthetic method for preparation of various heteroaryl methyl

thioethers without the use of toxic methylic halides or dimethyl sulfate.

Keywords Dimethyl carbonate; methylation; phase-transfer catalyst; SH-containing

heterocycle; thioether

INTRODUCTION

S-Methylation of thiols is a useful reaction in organic synthesis because of its
wide applications. The SH-group can be protected as methyl thioether, or after
oxidation as disulfate, from which it can be regenerated by reduction.[1] At present,
the most commonly used method for the preparation of methyl thioethers is the
methylation with methylic halides[2–4] or dimethyl sulfate.[5,6] However, substrate
dependency and operational practicality have limited the use of these strategies in
methyl thioether synthesis because of the highly toxic reagents and generation of
stoichiometric amounts of salt for disposal. For these reasons, dimethyl carbonate
(DMC) has emerged as a suitable alternative green methylating agent that is
nontoxic and has less negative environmental impact in methylation.[7–10] Its various
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reactivity has given it great potential as a reagent for the methylation of several
O-,[11] N-,[12] and S-nucleophiles.[13] For the SH-methylation of SH-containing
heterocycles, there are few reports on the preparation of heteroaryl methyl thioethers
by reaction of thiols with DMC using a phase-transfer catalyst (PTC) with the excep-
tion of the reaction of 2-mercaptopyridine with DMC in the presence of K2CO3 and
18-crown-6, reported by Lissel et al.[13b] Moreover, it should be noted that crown
ethers are expensive and toxic. In conjunction with our interest in readily accessing
diversified sulfoxide and sulfone, there is a need to develop a simple and efficient
method for the construction of heteroaryl methyl thioethers.

In this communication, we report a simple, rapid, efficient, and environmen-
tally friendly method for the synthesis of heteroaryl methyl thioethers (Scheme 1).
Simple stirring of a mixture of various SH-containing heterocycles compounds,
tetrabutylammonium bromide (Bu4NBr), and K2CO3 in the presence of excess
DMC for 1–6 h gave the desired heteroaryl methyl thioethers in excellent yields.
The products were characterized by 1H NMR, 13C NMR, mass spectroscopy
(MS), and melting points, which were consistent with the literature data.

RESULTS AND DISCUSSION

To investigate the catalytic activity of quaternary ammonium salts and the effect
of base, the reaction of 2-mercaptobenzothiazole (MBT) with DMC was selected as a

Scheme 1. The route of SH-methylation of heterocyles with DMC promoted by Bu4NBr.

Table 1. SH-Methylation of 2-mercaptobenzothiazole under different reaction conditionsa

Entry Catalystb Basec Time (h) Yieldd (%)

1 None None 20 —

2 None K2CO3 20 <5

3 Bu4NBr None 20 <5

4 Bu4NBr K2CO3 18 72e

5 Bu4NBr K2CO3 3 76

6 Bu4NBr NaOH 3 63

7 Bu4NBr KOH 3 68

8 Et4NOH K2CO3 3 54

9 Et4NBr K2CO3 3 72

10 Et3(PhCH2)NCl K2CO3 3 30

11 (CH3)4NBr K2CO3 3 44

12 (CH3)4NCl K2CO3 3 47

aReaction conditions: 2-mercaptobenzothiazole¼ 10mmol, DMC¼ 180mmol, temperature¼ 90 �C.
bAmmonium quaternary salt¼ 2mmol.
cBase¼ 15mmol.
dIsolated yields based on 2-mercaptobenzothiazole after column chromatography.
eTemperature¼ 70 �C.
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model reaction. The reaction was carried out at 90 �C, and the results are shown in
Table 1. When the mixture of DMC and MBT was heated to 90 �C in the absence
of base and catalyst, no products were detected. Similarly, the reaction was very slow
without the base or catalyst at the same condition, and only trace amounts of
products were detected after 20 h. This problem was overcome by using the base in
conjunction with the catalyst. However, the amount of SH-methylation can be altered
by changing the reaction conditions. To optimize the reaction conditions, we exam-
ined the reaction by changing the temperature, the base, and the catalyst (entries
4–12). From Table 1, we found that K2CO3–Bu4NBr was the most efficient catalyst
system and gave the greatest yield of 2-methylthiobenzothiazole (76%).

On the basis of the results in Table 1, we focused our studies on the application
of K2CO3 and Bu4NBr to SH-methylation of different SH-containing heterocycles
with DMC. The results are summarized in Table 2. In some cases, heteroaryl methyl
thioethers were obtained in good yields (entries 4–6).

The reaction of MBT with DMC within 3h gave a mixture of SH-methylated
and N-methylated products. Along with 76% of 2-(methylthio)benzothiazole, an
N-methylated by-product, 3-methyl-2(3H)-benzothiazolethione, was also produced
in 11% yield. Under the same reaction conditions, 62% of the desired product,
2-(methylthio)benzoxazole, was obtained within 4 h. N-methylated by-product,
3-methyl-2(3H)-benzoxazolethione, was also produced in 7% yield. The 5-methylthio-
1-phenyltetrazole yield of 59% was obtained in 5h, when 5-mercapto-1-phenyltetrazole
was used as substrate. The N-methylated by-product, 4-methyl-1-phenyltetrazo-
lethione, was also produced in trace amounts. A possible mechanism of this reaction
is shown in Scheme 2.[18]

2-Mercaptopyridine, 2-mercaptopyrimidine, and 4,6-dimethyl-2-mercaptopyri-
midine can be converted into their corresponding thioethers with good selectivity and
yields, and no N-methylation products were obtained. 2-(Methylthio)pyridine was
obtained in 89% yield within 2 h, and 91% of the desired product, 2-(methylthio)
pyrimidine, was obtained within 2.5 h. Sulfides containing electron-donating groups,
such as 4,6-dimethyl-2-mercaptopyrimidine, gave fast reaction rates with reaction
times from 1h. 4,6-Dimethyl-2-(methylthio)pyrimidine was obtained in 93% yield.
However, the reaction of 4,6-dimethoxy-2-mercaptopyrimidine with DMC was slow,
and it took 6 h to convert 4,6-dimethoxy-2-mercaptopyrimidine to the desired
products. To our surprise, 4,6-dimethoxy-2-(methylthio)pyrimidine was obtained in
44% yield, possibly because of side reactions.

CONCLUSION

The SH-methylation of some kinds of SH-containing heterocycles with DMC
was studied in the presence of K2CO3 and Bu4NBr. Methylation with DMC has been

Scheme 2. Possible mechanism of the reaction of 2-mercaptobenzothia(xa)zole with DMC.
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found to be a convenient method to prepare heteroaryl methyl thioethers. The
reactions were carried out at 90 �C under atmospheric pressure. K2CO3–Bu4NBr
showed high catalytic activity for SH-methylating types of mercapto groups on
heterocyclic rings. SH-Containing heterocycles can be converted into their corre-
sponding thioethers with good selectivity and yields. Therefore, it provides an alter-
native clean and easy route to SH-methylated reaction of SH-containing heterocycles.

EXPERIMENTAL

All materials are commercially available and were used without further
purification. Melting points were determined on a digital melting-point apparatus
and were not corrected. The structures of products were determined by 1H NMR
and 13C NMR (Bruker DRX 400-MHz NMR spectrometer, Germany) at 400 and
100MHz, respectively. CDCl3 was used as solvent. Chemical shifts were given in parts
per million (ppm) relative to tetramethylsilane (TMS) as internal standard. The elec-
trospray ionization–mass spectra (ESI-MS) were recorded on a Shimadzu LCMS-QP
2010 spectrometer.

General Procedure for the Reaction

MBT (10mmol), Bu4NBr (2mmol), and K2CO3 (15mmol) were added in
DMC (180mmol). The reaction mixture was stirred for 3 h at 90 �C under atmos-
pheric pressure. Reaction was monitored by thin-layer chromatography (TLC).
After the reaction, K2CO3 was recovered simply by filtration. The resulting mixture
was washed with water (2� 10mL). The Bu4NBr recovered in the aqueous phase can
be regenerated.[11c,19] The aqueous phase was extracted with Et2O (2� 10mL). The
combined organic layers were dried over anhydrous Na2SO4. The solvent was
evaporated under reduced pressure to give the crude product, which was purified
by preparative column chromatography (silica gel). The other syntheses were
performed under identical reaction conditions.

Selected Spectral Data

2-(Methylthio)benzothiazole. 1H NMR (400MHz, CDCl3): d 2.77 (s, 3H),
7.24–7.28 (m, 1H), 7.37–7.41 (m, 1H), 7.74 (d, 1H), 7.87 (d, 1H); 13C NMR
(100MHz, CDCl3): d 14.9, 119.9, 120.3, 123.0, 125.0, 134.1, 152.3, 167.0; MS:
m=z, 181 [Mþ], 148, 136, 108, 69, 45.

3-Methyl-2(3h)-benzothiazolethione. 1H NMR (400MHz, CDCl3): d 3.86
(s, 3H), 7.19–7.32 (m, 2H), 7.40–7.49 (m, 2H); 13C NMR (100MHz, CDCl3): d 32.1,
111.3, 120.2, 123.8, 125.9, 126.5, 141.0, 188.4; MS: m=z, 181 [Mþ], 148, 136, 104.

2-(Methylthio)benzoxazole. 1H NMR (400MHz, CDCl3): d 2.85 (s, 3H),
7.30–7.39 (m, 2H), 7.53 (d, 1H), 7.71–7.73 (m, 1H); 13C NMR (100MHz, CDCl3):
d 16.8, 112.1, 120.6, 126.0, 126.5, 144.2, 154.2, 167.9; MS: m=z, 165 [Mþ], 150,
132, 122, 97, 83, 70, 57.
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3-Methyl-2(3h)-benzoxazolethione. 1H NMR (400MHz, CDCl3): d 3.87
(s, 3H), 7.27 (d, 2H), 7.27–7.51 (m, 3H); 13C NMR (100MHz, CDCl3): d 31.9,
109.2, 110.3, 124.3, 124.9, 132.4, 147.1, 180.6; MS: m=z, 165 [Mþ], 132, 122, 77.

5-Methylthio-1-phenyltetrazole. 1H NMR (400MHz, CDCl3): d 2.98
(s, 3H), 7.69–7.73 (m, 5H); 13C NMR (100MHz, CDCl3): d 15.4, 123.7, 129.8,
130.1, 133.6, 154.9; MS: m=z, 192 [Mþ], 164, 117, 91, 77, 65, 51.

2-(Methylthio)pyridine. 1H NMR (400MHz, CDCl3): d 2.54 (s, 3H),
6.92–6.95 (m, 1H), 7.16 (d, 1H), 7.42–7.46 (m, 1H), 8.41–8.42 (m, 1H); 13C NMR
(100MHz, CDCl3): d 12.1, 118.0, 120.3, 134.6, 148.3, 158.9; MS: m=z, 125 [Mþ],
79, 57, 52, 39.

2-(Methylthio)pyrimidine. 1H NMR (400MHz, CDCl3): d 2.55 (s, 3H),
6.94–6.98 (m, 1H), 8.49–8.51 (m, 2H); 13C NMR (100MHz, CDCl3): d 16.2,
118.5, 159.3, 175.0; MS: m=z, 126 [Mþ], 80, 68, 53, 40.

4,6-Dimethyl-2-(methylthio)pyrimidine. 1H NMR (400MHz, CDCl3): d
2.39 (s, 6H), 2.55 (s, 3H), 6.67 (s, 1H); 13C NMR (100MHz, CDCl3): d 12.8, 22.6,
114.3, 165.6, 170.4; MS: m=z, 154 [Mþ], 108, 93, 81, 67, 45, 40.

4,6-Dimethoxy-2-(methylthio)pyrimidine. 1H NMR (400MHz, CDCl3): d
2.54 (s, 3H), 3.92 (s, 6H), 5.72 (s, 1H); 13C NMR (100MHz, CDCl3): d 13.1, 53.1,
84.5, 165.6, 170.0, 170.2; MS: m=z, 186 [Mþ], 171, 140, 125, 69, 55.
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