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Abstract—The gas-phase reaction of dimethyl disulfide with thiophene over Co/HZSM-5 catalyst in a helium 
medium under atmospheric pressure at 250–350°C gave a mixture of mono-, di-, tri-, and tetramethylthio-
phenes with an overall selectivity of 94–96%. 

Methylthiophenes are used as starting materials for 
the preparation of fuel additives, antioxidants, rubber 
vulcanization accelerators, monomers, medicines, 
herbicides, and insectofungicides. Methylthiophene 
has found application as an animal hair growth stimu-
lator, hair care agent, and weight-gain supplement. 
Methylthiophenes can be synthesized by dehydro-
cyclization of diene hydrocarbons with hydrogen 
sulfide, from 1,4-dicarbonyl compounds and phos-
phorus heptasulfide, from furans and hydrogen sulfide 
[1–4]. Accessibility of starting materials is an impor-
tant factor for the choice of a method for the prepara-
tion of methylthiophenes. Accessible and cheap start-
ing compounds are lower dialkyl disulfides [mostly di-
methyl disulfide (1)] that are isolated in large amounts 
from oxidative desulfurization products of petroleum, 
natural gas, and gas condensate [5]. 

In this work we studied the formation of methyl-
thiophenes in the reaction of dimethyl disulfide with 
thiophene in the presence of cobalt-containing  
HZSM-5 high-silica zeolite. This catalyst possesses 
active surface protonic and Lewis acid sites, as well as 
moderate-strength basic sites [6], which activate the 
reactants and favor the reaction. 

The reaction of thiophene with dimethyl disulfide 
(1) was carried out at a reactant molar ratio of 1 : (4–5) 
over Co/HZSM-5 catalyst in the gas phase (helium, 
atmospheric pressure) at different temperatures and 
contact times. Preliminarily, the behavior of pure thio-
phene (initial concentration ~0.8 vol %) was studied 
under these conditions. Almost no decomposition of 
thiophene was observed at 200–250°C. At 300°C, the 
conversion of thiophene was 3–10% with the forma-

tion of hydrocarbons, hydrogen sulfide, and high-
boiling compounds which were not identified.  

Pure dimethyl disulfide (1) (initial concentration 
~3.5 vol %) over Co/HZSM-5 at 200–350°C decom-
posed to produce methanethiol, dimethyl sulfide, 
hydrogen sulfide, dimethyl trisulfide, ethylene, and 
“coke” (Scheme 1). At 200°C, the transformation of 
dimethyl disulfide occurred even in a short contact 
time; subsequently, the conversion of 1 and the yields 
of dimethyl sulfide and hydrogen sulfide increased; the 
yield of methanethiol increased up to a certain limiting 
value and then decreased, whereas the yield of 
dimethyl trisulfide decreased as the contact time in-
creased (Table 1). Raising the temperature accelerated 
the reaction. Presumably, increased yield of dimethyl 
sulfide at elevated temperature and longer contact time 
is related to preferential formation of methyl fragments 
on the catalyst surface. As shown in [7], disulfide 1 in 
the presence of solid acid catalysts decomposed to 
methanethiol which was then converted to dimethyl 
sulfide and hydrogen sulfide; in addition, partial 
cracking of initial disulfide 1, methanethiol, and di-
methyl sulfide occurred. 

Dimethyl disulfide (1) in the presence of thiophene 
decomposed in the same manner as in the absence of 
it, but at a lower rate (Table 1). Thiophene reacted with 
disulfide 1 at 160–200°C to give mainly sulfonyl-
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Table 1. Transformation of dimethyl disulfide (1) over  
Co/HZSM-5 at 300°C at different contact timesa  

Contact 
time, s 

Conversion 
of Me2S2, % 

Yield (mol %) calculated on the  
initial dimethyl disulfide (1) 

MeSH Me2S H2S Me2S3 

Pure dimethyl disulfide (1) 

0.3 042 08.0 17.1 12.1 4.0 

0.5 062 15.1 28.0 15.1 3.5 

0.6 075 16.0 34.6 19.4 3.0 

0.7 085 17.2 40.0 26.3 2.1 

1.1 100 18.0 46.1 30.2 0.8 

3.5 100 13.1 58.2 25.0 0.2 

Dimethyl disulfide (1) + thiophene 

0.3 017 05.0 03.0 03.0 4.1 

0.6 030 08.1 07.2 07.1 3.3 

1.1 051 12.2 20.0 17.3 2.8 

2.2 073 17.3 23.1 27.7 0.9 

3.5 100 19.2 37.7 36.5 0.5 

4.5 100         
a Minor amounts of Me2S4, COS, and sulfur-containing coke were 
 also formed. 

a Calculated on the reacted thiophene, mol %. 

Conversion of 
thiophene, % 

Methylthiophenes 2 Dimethylthiophenes 3 Trimethylthiophenes 4 
Tetramethyl-
thiophene (5) 

2-Me 3-Me 2,5-Me2 3,4-Me2 2,4-Me2 2,3,4-Me3 2,3,5-Me3 2,3,4,5-Me4 

08 20.0 9.1 11.7 10.8 10.2 09.2 0.9 19.0 

15 26.8 9.3 12.0 11 2 10.1 09.0 0.9 18.1 

22 25.7 8.2 12.2 11.8 10.5 08.2 0.8 17.5 

32 26.2 9.0 11.6 11.3 09.4 07.7 0.8 19.1 

36 30.0 9.0 12.4 11.6 11.2 07.2 0.7 15.0 

49 26.9 8.3 13.7 12.2 10.0 08.1 0.9 16.2 

60 27.0 8.1 11.8 10.7 09.5 10.8 1.1 17.0 

Table 2. Yieldsa of methylthiophenes in the reaction of dimethyl disulfide (1) with thiophene over Co/HZSM-5 catalyst  
at 300°C 

thiophenes, whereas the yield of methylthiophenes did 
not exceed 0.4–2 mol %. The yield of the latter 
increased when the temperature was raised to 250–
300°C. Further raising the temperature accelerated 
cracking of initial disulfide 1, as well as of methane-
thiol and dimethyl sulfide generated therefrom, which 
reduced the yield of methylthiophenes. Increased 
contact time at a constant temperature favored the 
formation of methylthiophenes (Fig. 1). The best 
results were obtained at 300°C. As a result, mono-, di-, 
tri-, and tetramethylthiophenes 2–5 were formed 

(Scheme 2). At 300°C, the yield of 2-methylthiophene 
was ~3.3 times as high as that of 3-methylthiophene; 
isomeric dimethylthiophenes were formed in similar 
yields differing by no more than a factor of 1.1–1.2; 
the yield of 2,3,4-trimethylthiophene was higher that 
the yield of 2,3,5-trimethylthiophene by almost  
an order of magnitude; and tetramethylthiophene was 
formed in a fairly high yield. The yields of methylthio-
phenes calculated on the reacted thiophene rank as 
follows: monomethylthiophenes >> dimethylthio-
phenes > tetramethylthiophene > trimethylthiophenes. 

Taking into account the properties of the initial 
reactants and data on their chemisorption on acid–base 
catalysts [7], we presumed that disulfide 1 is sorbed on 
the catalyst surface through coordination of one sulfur 
atom of 1 to a Lewis acid site and of methyl carbon 
atom to a basic site. Decomposition of the resulting 
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Fig. 1. Plots of the (1) conversion of thiophene and yields of 
(2) methylthiophenes, (3) dimethylthiophenes, (4) trimethyl-
thiophenes, and (5) tetramethylthiophene versus contact 
time; catalyst Co/HZSM-5, temperature 300°C; the yields 
were calculated on the initial thiophene. 
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Scheme 2. 
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surface complex involves cleavage of the S–S and C–S 
bonds in disulfide 1 with the formation of CH3S and 
CH3 surface species. Contact of thiophene with an ac-
tive protonic site generates thiophenium ion [8] which 
reacts with surface CH3 groups to give methyl-sub-
stituted thiophene. The conversion of thiophene is not 
related to the yields of methylthiophenes (Table 2). 
This means that methylthiophenes are formed directly 
from thiophene along independent paths (Scheme 2). 

Thus, our results showed that the overall yield of 
methylthiophenes in the reaction of dimethyl disulfide 
(1) with thiophene in the presence of a cobalt-con-
taining zeolite catalyst can attain 94–96% (calculated 
on the reacted thiophene). 

EXPERIMENTAL 

The catalyst was cobalt-modified HZSM-5 high-
silica zeolite (SiO2/Al2O3 = 39, Ssp = 500 m2/g; Co, 
5 wt %) which was prepared as described in [6] and 
was calcined for 5 h at 530°C in a stream of dry air. 
The other reagents used were of pure grade. 

The reactions were carried out under atmospheric 
pressure in a flow setup with a fixed bed of catalyst 
(grain size 0.25–0.5 mm). A fresh portion of the cata-
lyst was used in each run. The system was maintained 
at a constant temperature. Helium was passed from  
a cylinder to saturators filled with dimethyl disulfide 

and thiophene and maintained at a required tempera-
ture. The gas mixture was fed into the reactor heated to 
a required temperature. Samples of the gas mixture 
were withdrawn intermittently for analysis. High-
boiling products were trapped in a cold receiver. The 
products were identified by GC/MS using an Agilent 
7000 gas chromatograph coupled with a Triple Quad 
mass-selective detector (HP-5MS capillary column,  
30 m × 0.25 mm). Quantitative analysis of the product 
mixtures was performed with an LKhM-8MD chro-
matograph equipped with a thermal conductivity 
detector and a 2-m × 3-mm column packed with XE-60 
on Chromaton AW-LMCS; carrier gas helium. The 
contact time was equal to the ratio of the catalyst 
volume (cm3) to the gas mixture flow rate (cm3/s) at 
room temperature under atmospheric pressure. The 
conversions of thiophene and dimethyl disulfide and 
the yields were calculated with respect to the initial 
reactants and reacted substrate. 
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