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ABSTRACT
Solvent-free conversion of various epoxides to the corresponding thiiraneswas carried out successfullywith
alumina-immobilized thiourea at room temperature. The reactions were completed within 2–9 min to give
thiiranes with 83–98% yields. The utilized alumina can be reused for several times without losing its activity.

GRAPHICAL ABSTRACT

Introduction

Thiiranes, the simplest sulfur heterocycles, play an increasing
pivotal role in organic synthesis as versatile building blocks
in asymmetric reactions.1 Moreover, they are used as inter-
mediates in the pharmaceutical, polymer, pesticide, and her-
bicide industries.2 The literature review shows that thiiranes
are prepared by various methods.3 Thiourea,4 dimethylthio-
foramide,5 inorganic thiocyanates,6 polymer supported thio-
cyanate,7 and silica supported potassium thiocyanate8 or
thiourea9 have been used as sulfur transferring agents for
the conversion of epoxides to thiiranes. The combination
systems of different Lewis acids or reagents such as zeolite
molecular sieve 4Å,10 CaCO3,11 InBr3,12 TiO2,13 Bi(TFA)3,14
Mg(HSO4)2,15 Al(DS)3·3H2O,16 LiClO4,17 SiO2·HBF4,18 I2,19
oxalic acid,20 montmorillonite K10,21 LiBF4,22 2,4,6-trichloro-
1,3,5-triazine,23 (NH4)8[CeW10O36]·20H2O,24 [bmim]PF6,25
β-cyclodextrin,26 polystyrene supported AlCl3,27 polymeric
co-solvents,28 Sn(TTP)-(OTf)2,29 Sn(TTP)(BF4)2,30 etidronic
acid,31 NH4Cl,32 Dowex-50WX8,33 and microwave irradia-
tion34 with thiourea or ammonium thiocyanate have been used
for the preparation of thiiranes from epoxides. Recently, the
successful use of ammonium thiocyanate under catalyst- and
solvent-free condition at 60–90°C35 as well as sodium thio-
cyanate/graphite oxide36 has been documented for the titled
transformation. Although, most of the mentioned methodolo-
gies are useful for the preparation of thiiranes from epoxides,
some of them suffer from disadvantages such as long reaction
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times, high temperature reaction conditions, use of volatile and
toxic solvents, poor yields, formation of several by-products and
the use of foul smelling reagents which must be handled with
care.

In recent years, the use of reagents and catalysts immobi-
lized on solid supports has received considerable attention. Such
reagents not only simplify purification processes, but also help to
prevent the release of reaction residues into the environment.37
In the light of emerging new solid supported reagents as efficient
and recyclable catalysts/promoters, herein we wish to report a
green, efficient and practical approach for the synthesis of thi-
iranes from epoxides using alumina immobilized thiourea as an
eco-friendly reagent at room temperature and under solvent-
free condition (Scheme 1).

Results and discussion

In organic synthesis and reactions, increasing attention is being
focused on green chemistry, particularly solvent-free proce-
dures by grinding under heterogeneous conditions. Solvent-
free procedures are facilitated by supported reagents on var-
ious solid inorganic surfaces,38 and often lead to clean, low
cost, eco-friendly, and highly efficient procedures involving sim-
plified and easy workups.39 In the course of our interests to
use green protocols for the preparation of thiiranes from epox-
ides,10,11,32,33 we found that alumina immobilized thiourea as
an easily available reagent promotes the conversion of epoxides
to the corresponding thiiranes at solvent-free conditions.

©  Taylor & Francis Group, LLC
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Scheme . Conversion of epoxides to thiiranes by use of alumina immobilized
thiourea.

The optimized experimental conditions showed that the
reaction of styrene oxide (1 mmol) with thiourea (2 mmol)
immobilized on alumina (0.6 g) can be carried out efficiently at
room temperature and under solvent-free condition by grind-
ing (Table 1, entry 4). The epoxide was completely converted
to the corresponding thiirane within 3 min. Initially, we carried
out the titled reactionwith different amounts of alumina at room
temperature and under solvent-free condition. It was found that
the best result was obtained with 0.6 g alumina. It is notable
that in the absence of alumina, the reaction did not at all take
place even after a prolonged reaction time. Moreover, the effect
of solvents such as CH3CN, n-hexane, EtOAc, THF, EtOH, and
acetone was investigated for the typical experiment under reflux
conditions. The results showed that the rate enhancement and
efficiency at solvent-free conditions was higher than the solu-
tion phase (Table 1).

The green aspect of this synthetic method was investigated
by recovering of alumina from the reaction mixture and then
reusing it for conversion of styrene oxide to styrene episulfide at
the optimized reaction conditions. The results showed that the
regenerated alumina saves its activity for several times (Table 2).

The capability of this synthetic protocol was further investi-
gated with the reaction of activated, deactivated and cyclic epox-
ides by alumina immobilized thiourea at the optimized reaction
condition. Table 3 represents the general trend and versatility of
this synthetic method. As it is seen, all reactions were carried
out successfully within 2–9min at room temperature and under
solvent-free condition to give the product thiiranes in 83–98%
yields.

In addition, the efficiency of the thiourea/Al2O3 system
was highlighted by comparing some of our results with those
of achieved with thiourea/Dowex-50WX8,33 thiourea/NH4Cl,32
thiourea/CaCO3,11 thiourea/SiO2,9 and thiourea/120 ºC4 sys-
tems (Table 4). A case study shows that in viewpoints of avail-
ability and cheapness of the reagents, mild reaction conditions,

Table . Optimization experiments for the conversion of styrene oxide to styrene
episulfide by use of alumina immobilized thioureaa.

Entry AlO (g) Condition Time (min) Conversion (%)b

 — Solvent-free/r.t./grinding  
 . Solvent-free/r.t./grinding  
 . Solvent-free/r.t./grinding  
 . Solvent-free/r.t./grinding  
 . Solvent-free/r.t./grinding  
 . CHCN/reflux  
 . n-Hexane/reflux  
 . EtOAc/reflux  
 . THF/reflux  
 . EtOH/reflux  
 . Acetone/reflux  

aAll reactions were carried out with  mmol of styrene oxide in the presence of
thiourea ( mmol). bA conversion of less than %was determined on the basis
of recovered epoxide.

and yield of products, the presentmethod shows amore or com-
parable efficiency towards the other protocols.

Although the exact mechanism of this synthetic protocol is
not clear, we think that the following mechanism plays a role in
the conversion of epoxides to thiiranes (Scheme 2).

In conclusion, we have shown that various epoxides are
easily and efficiently converted to the corresponding thi-
iranes with alumina immobilized thiourea at room tempera-
ture and under solvent-free condition. Easy preparation of the
thiourea/alumina system, high yield of thiiranes, mild reac-
tion conditions, reusability of the utilized alumina, and simple
workup procedure as well as the benefits of solvent-free condi-
tions are the advantages thatmake this protocol a useful addition
to the present methodologies.

Experimental

General

All reagents and substrates were purchased from commercial
sources with the best quality and they were used without further
purification. Aluminum oxide 90 active neutral (alumina) was
purchased from Merck Company (Art No. 101077). FT-IR, 1H
and 13C NMR spectra were recorded on Thermo Nicolet Nexus
670 and Bruker Avance (300 MHz) spectrometers, respectively.
The products were characterized by their spectroscopic data
and comparison with the reported data in literature. TLC was
applied for the purity determination of substrates, products, and
reaction monitoring over silica gel 60F254 aluminum sheet. All
products are known and their spectroscopic data are provided
in the Supplemental Materials.

Preparation of alumina immobilized thiourea

A mixture of thiourea (0.152 g, 2 mmol) and neutral alumina
(0.6 g) was placed in a mortar and then well ground for 2 min
at room temperature to give alumina immobilized thiourea
(0.752 g, 25% w/w). FT-IR (νmax/cm−1, KBr): 3383, 3292, 3180,
2690, 2366, 1620, 1409, 1152, 1100, 729, 602, 526. FT-IR spec-
trumof thiourea, Al2O3, and the thiourea/Al2O3 system are pro-
vided as supporting information.

Solvent-free conversion of epoxides to thiiranes with
alumina immobilized thiourea, general procedure

A mixture of epoxide (1 mmol) and alumina immobilized
thiourea (0.752 g, 25%w/w) was ground in amortar for 2–9min
at room temperature without a solvent. The progress of the reac-
tion was monitored by TLC using n-hexane:EtOAc (5:2) as an

Table . Reusability of recoveredAlO in the conversionof styreneoxide to styrene
episulfide by use of alumina immobilized thiourea.

Run Yield (%)a Recovery of AlO (%)

  
  
  
  

aIsolated yield.
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Table . Conversion of epoxides to thiiranes by use of alumina immobilized thiourea under solvent-free condition.a

Entry Epoxide Thiirane Time (min) Yield (%)b Ref.



  

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

aAll reactions were carried out with  mmol of epoxide in the presence of thiourea ( mmol) immobilized on AlO (. g) at room temperature and under solvent-free
condition. bYields refer to isolated pure products.
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Scheme . A proposed mechanism for conversion of epoxides to thiiranes by use of alumina immobilized thiourea.

eluent. After completion of the reaction, themixturewaswashed
with EtOAc (3 × 5 mL). The combined washing solvents were
evaporated under reduced pressure to give the crude thiirane for
further purification by a short-column chromatography over sil-
ica gel (83–98% yield) (Table 3).

Recovery of alumina

After extraction of the crude thiirane, distilled water (15 mL)
was added to the reaction vessel followed by stirring for 5 min
at room temperature. The alumina was filtered and then dried
in an oven for 2 h at 100 °C. The recycled alumina can be reused
for immobilization of thiourea.
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