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Letters
Efficient synthesis of chlorohydrins: ionic liquid promoted
ring-opening reaction of epoxides and TMSCl
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Abstract—The environmentally benign, highly efficient synthesis of chlorohydrins by cleavage of epoxides using TMSCl in ionic
liquid, bmimPF6, has been studied.
� 2004 Elsevier Ltd. All rights reserved.
Chlorohydrins and other halohydrins are an important
class of organic compounds and versatile intermediates
in the synthesis of a vast range of biologically active
natural and synthetic products, unnatural amino acids,
and chiral auxiliaries for asymmetric synthesis.1 There is
a continued interest in the synthesis of chlorohydrins
and derivatives. Methodologies for preparing these
chlorohydrins include (a) conversion of aldehydes to
chlorohydrins through chloroallylboration,2 (b) cleav-
age of cyclic ketal acids with phosphorus pentachloride,
thionyl chloride, or pivaloyl chloride,3 (c) reaction
of diol with dry HCl or chlorotrimethylsilane,4 (d)
zinc–magnesium- and samarium-mediated reaction of
dichloroacetates with carbonyl compounds,5 (e) olefins
are directly functionalized to chlorohydrins in one-pot
by palladium catalyst6 or the combination of BTSP,
trimethylsilyl (TMS)X (X¼Cl), a catalytic amount of
Lewis acid,7 and (f) ring opening of epoxides with dif-
ferent chloride ion sources.8 Although chlorohydrins are
conveniently by an addition of hypohalite-water to
olefins and other substrates, none or low regiospecific
addition was observed. It is therefore not surprising that
the synthesis of chlorohydrins through ring-opening
reaction have received considerable attention. But the
most general method of preparing chlorohydrins by the
ring opening of epoxides with hydrogen halides, metal
chlorides, or other chloride compounds9 also suffers
from one or more disadvantages such as acidity, hand-
ling, and in situ preparation of reagent or relative long
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reaction times, pharmacologically inactive chlorohyd-
rins, unwanted byproducts, and low regioselectivity.
Although recent advances10 have made this route more
attractive, development of cheaper, simpler, and more
efficient methods, especially environmentally benign,
highly efficient procedure, is highly desirable.

To minimize the amount of harmful organic solvents
used in chemical processes, much attention has been
devoted to the use of alternative reaction media. Besides
supercritical fluids, water, and solvent-free conditions,
the use of room ionic liquids has been receiving more
attention.11 Room temperature ionic liquid such as
bmimPF6 are finding growing application as an alter-
native media for separation and organic transforma-
tions, and much attention has been focused on organic
reactions promoted by ionic liquid.12 The desirable
advantages of ionic liquids such as the lack of vapor
pressure, wide liquid range, and thermal stability have
made them exceptional reaction media and environ-
mentally benign solvents.13 These factors are especially
important in industry. In addition, several ionic liquids
show enhancement in reaction rates and selectivity,
compared to organic solvents with added benefit of ease
of recovery and reuse of these ionic liquids. Surprisingly
however, there is no report on ionic liquids promoted
ring-opening reaction of epoxides with chlorides ion
sources.

In view of the emerging importance of ionic liquids as
novel reaction media, we wish to report the use of ionic
liquid as efficient promoters for the synthesis of chloro-
hydrins or ring-opening reaction and other reaction.14 In
this letter, we try to explore the catalytic activities of
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Table 1. Ring opening of various epoxides with TMSCl promoted by

ionic liquid bmimPF6

Entrya Substrates Chlorohydrins Yields (%)b

1

O Cl

OH 98 (99:1)

2c

O Cl
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3d
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O HO
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99 (99:1)
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96e (89:11)
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O
OH

Cl

89e (78:22)

13

O HO Cl

96

aAll reaction were performed in ionic liquids for 1 h except entry 2.
b Isolated yields, and the ratio of stereochemistry was determined by
1HNMR and GC–MS.

c The reaction was performed in CH2Cl2 and no addition of any cat-

alyst for 5 h.
d The yield after five runs.
e The reaction was performed at 0–5 �C.
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ionic liquid in the ring-opening reaction of epoxides with
TMSCl (Schemes 1 and 2), and we reported the efficient
and green synthesis of chlorohydrins through the first
ionic liquid promoted ring-opening reaction of epoxides
with TMSCl. Advantages of the protocol include high-
yielding reaction that can be conducted at low temper-
ature, high regio- and stereoselective ring opened
products was obtained under environmental benign
conditions.

Initially ring opening of styrene oxide (Scheme 1)15 was
investigated with TMSCl in ionic liquid bmimPF6 and
general organic solvents, such as CH2Cl2. Styrene oxide
was treated with 1.1 equiv of TMSCl at room tempera-
ture in CH2Cl2, and few chlorohydrin products was
obtained even for longer time (yield 6 10%). However,
the ring opening of styrene oxide with TMSCl in
bmimPF6 gave clean conversion to the chlorohydrin,
and styrene oxide was observed to yield chlorohydrin
with chlorine at the more substituted a-carbon atom in
high regioselectivity (99:1). Phosphine compound have
been used in many reaction and include the ring-opening
reactions.16 However, the use of PF6

� as catalyst has not
been reported. We used NaPF6 as a catalyst in the ring-
opening reaction of TMSCl in CH2Cl2 and found the
catalyst was poor in the reaction (low yield). This
enhancement in the reactivity observed in ionic liquid
could be attributed to the strong Lewis acidity of
bmimPF6 in comparison to other organic solvents. To
our knowledge, the result represent one of the highest
regioselectivity reported to date for the nucleophilic
catalytic ring-opening epoxides in the presence of
TMSCl and other chlorine nucleophiles.10e

We then turned our attentions to examining the sub-
strate scope under the same reaction condition (Scheme
2). We found that ionic liquid bmimPF6 catalyzed or
promoted the ring opening of epoxides at high rates. In
the first hour, the reaction was carried out completely.
Presented in Table 1 are the results of combining various
epoxides with TMSCl in ionic liquid bmimPF6 followed
by cleavage of the trimethylsilyl group with aqueous
HCl. In all cases the corresponding chlorohydrins were
obtained in excellent yields (96–100%) and chemoselec-
tivity or regioselectivity. The expected two isomers could
not be separated by general column chromatography.
On each occasion, the regioselectivity was determined by
GC–MS and 1H NMR. The stereochemistry of ring
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opening had several expected and unique features. The
aliphatic epoxides such as cyclic oxides were observed to
yield products with exclusive inversion of stereochem-
istry (entries 6 and 13). And styrene oxide showed a
strong preference for the opposite regioselective to that
observed in the glycidyl aryl ethers and glycidyl alkyl
ethers.

To check the efficiency of recycling ionic liquids
(bmimPF6), styrene oxide was subjected to the ring-
opening reaction of TMSCl,17 after five runs, the yield of
corresponding chlorohydrin was very high (97%).

In summary, we have first demonstrated that the ring-
opening reaction of epoxides with TMSCl could be
promoted by simple recyclable bmimPF6 ionic liquid.
The present reaction with its mild reaction conditions
opens a novel entry to synthesis of chlorohydrins com-
pounds using recyclable ionic liquid. And the specific
advantages are that the reactions are carried out under
mild conditions with high stereo-, and chemoselectivity
for the synthesis of chlorohydrin derivatives.
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