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Highly efficient atom economical "green chemistry" synthesis
of vinyl sulfides from thiols and acetylene in water*
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Potassium thiolates generated by treatment of thiols with aqueous KOH react with acetyl�
ene to give the corresponding vinyl sulfides in 90—95% yields.
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In the last decade, the chemistry of vinyl sulfides has
been under extensive development.1—9 Vinyl sulfide frag�
ments are found in natural compounds exhibiting anti�
biotic, antiinflammatory, anticancer, and antitumor ac�
tivity1,2 and are employed in the synthesis of useful com�
pounds such as pesticides and bactericides.3

A general atom economical route to vinyl sulfides in�
volves reactions of thiols with alkynes. Vinylation of thiols
is mostly catalyzed by bases3,10 or metal complexes.7 Spe�
cial efforts are focused on searching for the conditions
that would meet "green chemistry" requirements and,
in particular, allow dispensing with toxic organic sol�
vents.1,7c,8 The synthesis of aryl vinyl sulfides by hydro�
thiylation of arylalkynes with benzenethiols in the system
�cyclodextrin—acetone—water has been reported.8 Re�
cently,1 the system KF—Al2O3—glycerol has been pro�
posed for the synthesis of 2�organylvinyl sulfides from ter�
minal alkynes and thiols.

However, data on reactions of thiols with unsubstitut�
ed acetylene are scarce, mostly referring to the investiga�
tions accomplished in the 20th century.10—14 For instance,
vinyl sulfides can be obtained in 30—50% yields by ineffi�
cient and nonselective vinylation of thiols with acetylene
under pressure in aqueous KOH12 or aqueous Na2CO3

13

at 125—180 C, with the formation of appreciable amounts
of the corresponding 1,2�bis(organylthio)ethanes.

Vinylation14 in the superbasic systems KOH—DMSO
or KOH—hexamethylphosphorous triamide (HMPA) al�
lows the reaction to be effected at 30—50 C and affords
vinyl sulfides in 60—90% yields. However, the use of or�
ganic solvents (including toxic and carcinogenic HMPA),
with the necessity of recovering them, as well as laborious
isolation of vinyl sulfides make this method neither very
advantageous nor environmentally acceptable.

Recently,15 we have proposed a highly efficient ap�
proach to the vinylation of thiols with acetylene in an
aqueous alkali. In the present work, we present the results
of further development of this approach.

We found that both aliphatic and aromatic thiols 1a—e
react with acetylene in aqueous KOH to give the corre�
sponding vinyl sulfides 2a—e. The reaction occurs under
an initial acetylene pressure of 11—14 atm at 100—120 C
within 3—5 h in the presence of a two� and threefold
molar excess of KOH with respect to the thiol (Scheme 1).
Clearly, it is potassium thiolate rather than free thiol that
undergoes vinylation under these conditions. By optimiz�
ing the reaction conditions (Table 1), we achieved nearly
quantitative yields of vinyl sulfides 2a—e (90—95%).

Scheme 1

R = Pr (a), Bu (b), C5H11 (c), C7H15 (d), Ph (e)

Conditions: i. 20—24 C, 1 h; ii. 100—120 C, 3—5 h.

It follows from Table 1 that benzenethiol is more reac�
tive in the process under study. Apparently, this is due to
its higher acidity and, consequently, greater tendency to�
ward the formation of thiolate anions compared to al�
kanethiols. For instance, benzenethiol (1e) is vinylated
with acetylene at 100—105 C over 3 h in a nearly quanti�
tative yield at a twofold molar excess of KOH (the yield of
vinyl sulfide 2e is 93%) (see Table 1, entry 6). Under sim�
ilar conditions, butanethiol (1b) reacts with acetylene more
sluggishly (5 h) to give not only vinyl sulfide 2b (80%
yield) but also 1,2�bis(butylthio)ethane (10% yield) (see
Table 1, entry 3). At the same time, vinylation of alkane�
thiols 1a—d at higher temperatures (115—120 C, 5 h) in
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the presence of a threefold molar excess of KOH affords
the target alkyl vinyl sulfides 2a—d in 90—95% yields (see
Table 1, entries 1, 2, 4, 5).

The proposed method has an important technological
advantage because virtually pure vinyl sulfides formed as
an organic phase can easily be separated from the aqueous
basic layer, which then can be reused repeatedly.

To sum up, we developed a highly efficient version of
base�catalyzed vinylation of thiols with acetylene in wa�
ter. This is an atom economical, "green chemistry" syn�
thesis of vinyl sulfides.

Experimental

Vinylation was carried out with acetylene pumped into a 1�L
rotating autoclave to a required pressure.

1H NMR spectra were recorded on a Bruker DPX�400 spec�
trometer (400.13 MHz) in CDCl3 with Me4Si as the internal
standard. Elemental analysis was carried out on a Flash EA 1112
automatic CHNS�analyzer. The IR spectra of vinyl sulfides 2a—e
were recorded on a Bruker Vertex spectrometer (thin film) and
agree with the literature data.16

Commercial thiols were used.
Propyl vinyl sulfide (2a). Propanethiol (22.64 g, 0.3 mol) and

a solution of KOH (50.40 g, 0.9 mol) in water (100 mL) were
stirred at ~20 C for 1 h. The resulting mixture was heated at
115—120 C for 5 h with acetylene pumped to an initial pressure
of 11 atm (residual acetylene pressure 6 atm). The organic
layer was separated and distilled in vacuo. Yield 29.1 g (95%),
b.p. 43 C (46 Torr) (cf. Ref. 12: b.p. 43.5 C (50 Torr));
nD

20 = 1.4741 (cf. Ref. 12: nD
20 = 1.4734). Found (%): C, 58.95;

H, 9.81; S, 31.24. C5H10S. Calculated (%): C, 58.76; H, 9.86;
S, 31.38.

Butyl vinyl sulfide (2b). Butanethiol (21.65 g, 0.24 mol) and
a solution of KOH (40.32 g, 0.72 mol) in water (100 mL) were
stirred at ~20 C for 1 h. The resulting mixture was heated at
115—120 C for 5 h with acetylene pumped to an initial pres�
sure of 11 atm (residual acetylene pressure 5 atm). The organic
layer was separated and distilled in vacuo. Yield 26.2 g (94%),
b.p. 55 C (25 Torr) (cf. Ref. 12: b.p. 47.5—48.5 C (21 Torr));
nD

20 = 1.4723 (cf. Ref. 12: nD
20 = 1.4722). Found (%): C, 61.93;

H, 10.52; S, 27.55. C6H12S. Calculated (%): C, 62.00; H, 10.41;
S, 27.59.

Pentyl vinyl sulfide (2c). Pentanethiol (31.27 g, 0.3 mol) and
a solution of KOH (50.40 g, 0.9 mol) in water (100 mL) were
stirred at ~20 C for 1 h. The resulting mixture was heated at
115—120 C for 5 h with acetylene pumped to an initial pressure
of 14 atm (residual acetylene pressure 5 atm). The organic layer
was separated and distilled in vacuo. Yield 35.2 g (90%), b.p.
56 C (10 Torr); nD

20 = 1.4738. Found (%): C, 64.38; H, 10.98;
S, 24.64. C7H14S. Calculated (%): C, 64.55; H, 10.83; S, 24.62.
1H NMR, : 0.90 (t, 3 H, Me); 1.29—1.42 (m, 4 H, CH2);
1.61—1.68 (m, 2 H, CH2); 2.69 (t, 2 H, SCH2); 5.10 (d, 1 H,
=CH2, 3JH,H = 16.3 Hz); 5.18 (d, 1 H, =CH2, 3JH,H = 9.8 Hz);
6.36 (dd, 1 H, =CH, 3JH,H = 16.3 Hz, 3JH,H = 9.8 Hz).

Heptyl vinyl sulfide (2d). Heptanethiol (33.07 g, 0.25 mol)
and a solution of KOH (42.00 g, 0.75 mol) in water (100 mL)
were stirred at ~20 C for 1 h. The resulting mixture was heated
at 115—120 C for 5 h with acetylene pumped to an initial pres�
sure of 14 atm (residual acetylene pressure 5 atm). The organic
layer was separated and distilled in vacuo. Yield 37.6 g (95%),
b.p. 46 C (1 Torr) (cf. Ref. 17: b.p. 67—68 C (4 Torr)); nD

20 =
= 1.4816 (cf. Ref. 17: nD

20 = 1.4752). Found (%): C, 68.11;
H, 11.60; S, 20.29. C9H18S. Calculated (%): C, 68.28; H, 11.46;
S, 20.26.

Phenyl vinyl sulfide (2e). Benzenethiol (30.00 g, 0.27 mol)
and a solution of KOH (30.24 g, 0.54 mol) in water (100 mL)
were stirred at ~20 C for 1 h. The resulting mixture was heated
at 100—105 C for 3 h with acetylene pumped to an initial
pressure of 12 atm (residual acetylene pressure 5 atm). The or�
ganic layer was separated and distilled in vacuo. Yield 34.2 g
(93%), b.p. 49 C (2 Torr) (cf. Ref. 12: b.p. 76.5 C (4 Torr));
nD

20 = 1.5891 (cf. Ref. 12: nD
20 = 1.5888). Found (%): C, 70.69;

H, 5.84; S, 23.47. C8H8S. Calculated (%): C, 70.54; H, 5.92;
S, 23.54.

1,2�Bis(butylthio)ethane. Butanethiol (21.65 g, 0.24 mol) and
a solution of KOH (26.88 g, 0.48 mol) in water (100 mL) were
stirred at ~20 C for 1 h. The resulting mixture was heated at
100—105 C for 5 h with acetylene pumped to an initial pressure
of 12 atm (residual acetylene pressure 6 atm). The organic layer
was separated and distilled in vacuo. The yield of butyl vinyl
sulfide was 22.3 g (80%). The yield of 1,2�bis(butylthio)�
ethane was 2.5 g (10%), b.p. 92—93 C (1 Torr) (cf. Ref. 18: b.p.
121—124 C (5 Torr)); nD

20 = 1.4992 (cf. Ref. 18: nD
20 = 1.4967).
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