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Scheme 1

Table 2. Solvent optimization for synthesis of 2-phenylthiiranea

Entry Solvent Temp. (oC) Time (min) Yield (%)b

1 neat 60 60 68
2 CH3CN 60 45 76
3 EtOH 60 60 69
4 THF reflux 45 95
5 CH2Cl2 reflux 45 73

aReaction conditions: styrene oxide (1 mmol); ammonium thiocyanate
(1.2 mmol); etidronic acid (0.1 mmol). bIsolated yield.

Table 1. The amounts of catalyst optimization for synthesis of 2-phenyl-
thiiranea

Entry Etidronic acid (mol %) Time (min) Yield (%)b

1   0 600   0
2   5   60 69
3 10   45 95
4 15   45 93
5 20   45 94

aReaction conditions: styrene oxide (1 mmol); ammonium thiocyanate
(1.2 mmol); THF; reflux. bIsolated yield.

Thiiranes are frequently used in the pharmaceutical, poly-
mer, pesticide, and herbicide industries.1 Particularly, thiiranes 
have played an important role in various synthetic transforma-
tions.2 Various methods have been developed for the preparation 
of these compounds. The most common and important method 
is the transformation of oxiranes into thiiranes with thiourea,3 
inorganic thiocyanates,4 Dowex-50WX8-supported thiourea,5 
polymer-supported thiocyanates.6 Along with each sulfurated 
reagent, a protic acid such as Mg(HSO4)2,3g oxalic acid,4k SiO2- 
HBF4

4d or a Lewis acid such as NH4Cl,3a Al(DS)3․3H2O,3b 
SiO2-AlCl3,3c LiBF4,3h RuCl3,3i SbCl3,3j Montmorillonite K-10,3k 
I2,4a LiClO4,4b SnIV(TPP)(BF4)2,4c 2,4,6-Trichloro-1,3,5-triazine,4f 
TiO2,4g SnIV(TPP)(OTf)2,4h InBr3,4l Bi(TFA)3,

4m Bi(OTf)3,4m 
BiCl3,4n TiO(CF3CO2)2

4o and TiCl3(CF3SO3)4o is employed. 
Recently, ionic liquid7 and MW irradiation8 have also been 
applied to the conversion of oxiranes into thiiranes. Nevertheless, 
most of these methods suffer one or more of the following draw-
backs: unsatisfactory yield, long reaction time, critical product 
isolation procedures, the use of expensive and detrimental metal 
precursors, harsh reaction conditions, and no agreement with 
the green chemistry protocols, which limit their use.

Etidronic acid (Figure 1) is a phosphonic acid with mild aci-
dity, is non-volatile and non-corrosive, and is soluble in common 
organic solvents. It is a white crystalline solid with outstanding 
physical and chemical properties and is a commercially avail-
able cheap chemical. Its applications as a reaction catalyst in 
organic syntheses have not yet been fully explored. In this paper, 
we report a simple and efficient synthesis of thiiranes in THF 
using etidronic acid as a catalyst (Scheme 1).

Initially, we carried out the reaction of styrene oxide with 
ammonium thiocyanate in THF in the presence of different 
amounts of etidronic acid at reflux temperature. It was found 
that the best result was obtained with 10 mol % of etidronic acid. 

It is worthy to note that in the absence of etidronic acid, the 
reaction did not yield any product at reflux temperature even 
after a long reaction time. 

To select the best solvent for the reaction, the synthesis of 
thiirane 3a was examined in different solvents (Table 2). As 
Table 2 indicates, higher yields and shorter reaction times were 
obtained when the reaction was carried out in THF. Thus, THF 
was used as reaction media for all reactions.

Based on the optimized reaction conditions, a range of thii-
ranes was synthesized by the reaction of oxiranes (1, 1 mmol) 
with ammonium thiocyanate (2, 1.2 mmol) in THF. The reaction 
proceeded at reflux temperature within 1 h in excellent yields 
after the addition of the catalyst etidronic acid (0.1 mmol) (see 
Table 3). In these experiments, different types of oxiranes such 
as aliphatic and bicyclic oxiranes underwent the conversion 
smoothly.

In summary, we have described a simple and highly efficient 
protocol for the preparation of thiiranes through the reaction 
between epoxides and ammonium thiocyanate using etidronic 
acid as a catalyst. The attractive features of this process are mild 
reaction conditions, inexpensive reagents, short reaction times, 
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Table 3. Etidronic acid catalyzed conversion of epoxides to thiiranes 
at reflux temperature

Entry Epoxide Product Time 
(min)

Yield 
(%)

a
O S

45 95

b
O

Cl

S

Cl

45 94

c
O

MeO

S

MeO

60 93

d O
O

O
S

30 89

e O
O

Cl

O
S

Cl

45 92

f O
O

I

O
S

I

30 86

g
O S

20 87

h
O

Cl
S

Cl
20 85

i O S 40 90

j O S 40 91

k
O

F

S

F

60 83

aReaction conditions: oxirane (1 mmol); ammonium thiocyanate (1.2 
mmol); etidronic acid (0.1 mmol); THF; reflux. bIsolated yield.

and cleaner reactions with improved yields, which make it a 
useful process for the synthesis of thiiranes.

Experimental Section

To a stirred solution epoxide (1 mmol) in THF (5 mL), ammo-
nium thiocyanate (1.2 mmol) and etidronic acid (0.1 mmol) was 
added and the mixture was stirred at reflux temperature for the 
specified time (Table 3). After completion of the reaction (TLC), 
the reaction mixture was diluted with water (10 mL) and ex-
tracted with diethyl ether (3 × 10 mL). The combined organic 
layers were dried over anhydrous Na2SO4. The solvent was 
evaporated and the crude product purified by column chromato-
graphy (petroleum ether : ethyl acetate = 9 : 1) to afford the pure 
product 3. All products were characterized by comparison of 
their physical data and 1H NMR, 13C NMR data with those of 
authentic samples. The spectral data of some new thiiranes are 
given below.

2-((4-Iodophenoxy)methyl)thiirane (3f). Oil, 1H NMR (CD 
Cl3, 400 MHz) δ 7.20-6.79 (m, 4H, ArH), 4.10-3.90 (m, 2H, 

OCH2), 3.26-3.22 (m, 1H, CH), 2.55-2.26 (m, 2H, CH2S). 13C 
NMR (CDCl3, 100 MHz) δ 155.4, 130.1, 124.9, 117.6, 74.8, 
32.2, 22.8. Anal. calcd for C9H9IOS: C 37.00, H 3.11, S 10.98; 
found C 37.18, H 3.02, S 11.09.

2-(4-Fluorophenyl)-3-phenylthiirane (3k). Oil, 1H NMR (CD 
Cl3, 400 MHz) δ 7.70 (d, J = 8.4 Hz, 2H, ArH), 7.58 (d, J = 8.4 
Hz, 2H, ArH), 7.26-7.18 (m, 5H, ArH), 2.71 (d, J = 7.2 Hz, 1H, 
CH), 2.42 (d, J = 7.2 Hz, 1H, CH). 13C NMR (CDCl3, 100 MHz) 
δ 159.6, 138.2, 135.2, 130.8, 130.7, 128.5, 128.3, 125.9, 115.6, 
115.5, 45.6. Anal. calcd for C14H11FS: C 73.01, H 4.81, S 13.92; 
found C 73.14, H 4.96, S 13.76.
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