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Abstract—In the presence of LiNTf2, epoxides undergo ring opening with high regioselectivity and in good yield when they are
treated with nucleophiles such as amines, hydrazines and thiophenol. © 2002 Elsevier Science Ltd. All rights reserved.

Epoxides have been recognized as important and ver-
satile synthetic intermediates in organic synthesis.1

They can be easily prepared and the strain of their
three-membered ring together with the polarization of
the C�O bonds make them susceptible to reaction with
a large variety of reagents such as electrophiles, nucle-
ophiles, acids, bases, reducing agents and some oxidiz-
ing agents. High reactivity with various nucleophiles
leads to high regioselective and trans-stereospecific ring
opening products. Therefore, there is a significant cur-
rent interest in the ring opening of epoxides. However,
this reaction, which is usually carried out with a large
excess of nucleophiles at elevated temperature,2 often
fails when poorly nucleophiles and/or sterically hin-
dered nucleophiles or epoxides are used. Several modifi-
cations of the classical procedures have been reported.
For example, in the case of amines, metal amides (Al,3

Mg,4 Li,5 Pb,6 Sn7 and Si8) have been employed but an
important drawback, associated with these metal
amides, is that epoxides frequently undergo rearrange-
ment to produce allylic alcohols as the major products
and that primary amines show no regioselectivity. To
obviate these problems many activators/promoters such

as Lewis acids or lithium salts have been developed to
effect the ring opening of epoxides.9,10 Good regioselec-
tivity of ring opening by nucleophiles has been
observed with MgClO4,9k LiClO4,9k LiOTf,10e LiBF4,9k

Ti(OiPr)4,9a–d Yb(OTf)3,10d CoCl2.9f However, the use
of perchlorates is dangerous and the work-up with
Lewis acids, which are used very often in stoichiometric
quantities, is often difficult due to emulsions. Further-
more, with these catalysts, deactivated aromatic amines
and some sterically hindered amines fail to open up
epoxides or still require high temperature or pressure.
Hence, there is a need for newer versatile activators
which could be of great benefit and we would like to
report here that the commercially available
inexpensive11 and non-hazardous lithium salt, LiNTf2,
can be efficiently used in the ring opening of epoxides
with nucleophiles such as amines, hydrazines and thio-
phenol, at room temperature, in dichloromethane or
even without any solvent (Scheme 1).

We first examined the reaction of protected glycidol 1
in CH2Cl2 with amines in the presence of less than
1 equiv. of LiNTf2. When 1 was treated with 1.2 equiv.
of benzylamine in the presence of 0.1 equiv. of LiNTf2 at
rt for 20 h, amino alcohol 10 was isolated in 95% yield
(Table 1, entry 1). The reaction was highly regioselec-
tive as 10 was the only detectable product. Epoxide 1
can be transformed to amino alcohol 11 in 86% yield
when treated with 2-phenylethylamine (1.2 equiv.) in
the presence of LiNTf2 (0.1 equiv.) (Table 1, entry 2).
The replacement of the benzyl protecting group in 1 by
a p-methoxybenzyl (PMB) has no effect on the reactiv-
ity, as 12 was obtained in 85% yield from 2 (Table 1,
entry 3). The reaction was extended to epoxides 3–9
and the results are reported in Table 1. Ring opening of

Scheme 1.
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Table 1.

styrene oxide 3 with 2-phenylethylamine in the presence
of LiNTf2 (0.1 equiv.) led to 13 and 14 with a yield of
77% and in a ratio of 80/20 (Table 1, entry 4). Under
these conditions, the attack at the terminal carbon was
preferred to the attack at the benzylic carbon. It is
worth noting that the regioselectivity of the ring open-
ing of epoxide 3 is better in the presence of LiNTf2 than
with other activators such as LiClO4 or LiOTf.12 In the
case of epoxide 4, the attack of 2-phenylethylamine was
chemo- and regioselective as amino alcohol 15 was the
only obtained product which corresponds to the attack
at the terminal position of the epoxide. The best yield
(88%) was obtained in the presence of 0.5 equiv. of
LiNTf2 (Table 1, entry 5). Cyclohexene oxide 5 was

transformed to amino alcohol 16 when treated with
2-phenylethylamine (77% yield) (Table 1, entry 6) and
to 17 when reacted with aromatic amine such as aniline
(89% yield) (Table 1, entry 7). In contrast, the tetra-
substituted epoxide 6 was not reactive, due probably to
steric hindrance.

Secondary amines were also able to open epoxides. The
best yields in amino alcohols were obtained when 2
equiv. of amine and 0.5 equiv. of LiNTf2 were used. In
all cases, attack of the amines at the terminal carbon of
the epoxides was observed and the resulting products
were isolated in yields greater than 60%. The attack of
diallylamine on epoxide 1 produced 18 in 60% yield and
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Table 2.

the attack of diisopropylamine led to 19 in 88% yield
(Table 1, entries 9 and 10). Interestingly, when epoxide
1 was treated with hexamethyldisilazane (HMDS), the
amino alcohol 20, in which the secondary hydroxy
group was protected as a silyl ether, was isolated in
74% yield (Table 1, entry 11).

It is worth noting that the use of LiNTf2 is compatible
with acid and basic sensitive protecting groups as the
treatment of epoxides 7–9 with 2-phenylethylamine (2
equiv.) in the presence of LiNTf2 (0.5–1.0 equiv.) led to
the corresponding amino alcohols 22–2413 (Table 1,
entry 13). It should be also pointed out that the ring
opening of epoxides by amines can be achieved without
any solvent and, under these conditions, the amino
alcohols were produced with excellent yield (Table 1,
entries 2 and 7).

Ring opening of epoxides with other nucleophiles such
as N,N-dimethylhydrazine or thiophenol, in the pres-
ence of a catalytic amount of LiNTf2, was also exam-
ined. The results are reported in Table 2. When
cyclohexene oxide 5 was treated with 2 equiv. of N,N-
dimethylhydrazine, in the presence of LiNTf2 (0.5
equiv.) at rt in CH2Cl2 for 20 h, epoxide 5 was trans-
formed to the aminimide 25 in 70% yield.14 The reac-
tion of epoxides 1 or 5 with thiophenol were also
investigated. When 1 and 5 were treated with thiophe-
nol (1 equiv.) at rt in the presence of LiNTf2 (0.5
equiv.) for 20 h, adducts 26 and 27 were obtained in
good or acceptable yields. As previously observed with
amines, the yield in 25 and 27 was increased when the
reaction was performed without any solvent (Table 2,
entries 1 and 3).

In summary, we have discovered a novel, mild and
efficient activator for the ring opening of epoxides with
various nucleophiles (primary and secondary amines,
N,N-dimethylhydrazine and thiophenol). By using less
than 0.5 equiv. of LiNTf2,15,16 the ring opening of
epoxides can be achieved with or even without any
solvent in excellent yield. Furthermore, when LiNTf2 is
used instead of Lewis acids, the work-up is easier as no
emulsion was formed.
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