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Zirconyl chloride mediated regio- and stereoselective ring
opening of epoxides and aziridines at room temperature affords
the corresponding �-chlorohydrins and �-chloroamines, respec-
tively in high yields.

Ring opening of epoxides and aziridines with nucleophiles
to prepare 1,2-difunctional molecules is an important transfor-
mation in organic synthesis.2 With halide nucleophiles, they
can be converted into vicinal halohydrins and haloamines which
are useful precursors for the synthesis of halogenated natural
products and other bioactive compounds.3 The ring opening of
epoxides to form halohydrins can be accomplished with halo-
gens, hydrogen halides, and metal halides.4 Additionally, some
other chlorides, such as TMSCl,5a,5b SOCl2,

5c SiCl4,
5d Bu4NCl,

and NH4Cl
5e have been used for conversion of epoxides into

�-chlorohydrins. Aziridine rings can also be cleaved with metal
halides.3b,4d,6 However, many of the earlier methods are associ-
ated with different disadvantages such as high temperature, un-
availability of the reagents, unsatisfactory yields, and low regio-
selectivity. Hence, it is desirable to develop a convenient and ef-
ficient general method for the preparation of vicinal halohydrins
and haloamines from epoxides and aziridines, respectively.

In recent years, ZrIV salts have gained much attention as
reagents and catalysts due to their interesting reactivity, easy
availability, and low toxicity.7 ZrCl4 has already been utilized
in various chemical transformations.8 However, like other metal
oxysalt-based organic reactions, zirconyl chloride (ZrOCl2)-
mediated synthetic transformations are limited.9 The utilities
of the reagent in organic syntheses are yet to be explored. In
continuation of our work8e,8f on the applications of zirconium
compounds for the development of useful synthetic methodolo-
gies, we have recently observed that ZrOCl2 can efficiently be
employed for ring opening of both epoxides and aziridines
(Scheme 1).

Several epoxides and N-tosyl aziridines were treated10 with
ZrOCl2 at room temperature to prepare the corresponding �-
chlorohydrins and �-chloroamines, respectively in high yields
(Table 1). The epoxides were converted within short period
but aziridines took somewhat longer times.
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Scheme 1.

Table 1. Ring opening of epoxides and aziridines with ZrOCl2
a

Entry Epoxide/Aziridine 1 Product 2 Time
/min

Isolated 
yield/%b
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20 98
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O O
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30 82
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O

O

O Cl
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O
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O

O

F
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O
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O

O
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f 
O

O
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O Cl
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O

O

MeO

O

MeO
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h 
O

O O

Cl OH

50 81

i Cl
O

Cl Cl
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j 
O

Cl
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k O

Cl

OH
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l O
Cl

OH
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m 

NTs

NHTs

Cl

30 92
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NTs

NHTs

Cl

45 90

o 
NTs

Cl
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7.5c 83(7)

p 
NTs

Cl
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8c 80(6)

q NTS
Cl

NHTs

7c 88

r NTS
Cl

NHTS

7c 86

s NTS
Cl

NHTS

8c 85

aThe structures of the products were established from their spec-
tral (1HNMR and MS) and analytical data. bYield reported in
parentheses is for other regioisomer. cThe reaction time in h.
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was found to occur with high regio- and stereoselectivity. 2-Ar-
ylepoxides and N-tosyl-2-arylaziridines formed the products by
nucleophilic attack of the chloride ion at the benzylic position
while 2-alkylepoxides and N-tosyl-2-alkylaziridines afforded
the products by the attack at the terminal position. Only one
regioisomer was obtained by ring opening of chalcone oxide
(Table 1, Entry b) under the present experimental conditions.
Previously, the same reaction using other catalysts provided both
the regioisomers of the corresponding �-chlorohydrins.4d,5a

Thus, the present method employing ZrOCl2 is more advanta-
geous to the earlier related methods. However, in the case of
N-tosyl-2-alkylaziridines minor amounts of other regioisomers
were also obtained. The ring opening of bicyclic epoxides and
N-tosyl aziridines yielded the corresponding �-chlorohydrins
and �-chloroamines, respectively with trans-configuration. The
structures and stereochemistry of the products were character-
ized from their analytical and spectral (1HNMR and MS) data.10

In conclusion, ZrOCl2 has efficiently been utilized for
the first time for regio- and stereoselective ring opening of
epoxides and aziridines at room temperature to produce the
corresponding 2-chlorohydrins and 2-chloroamines, respectively
in high yields.
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