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Abstract—1,3-Dipolar cycloadditions of nitrones with alkenes afforded the corresponding isoxazolidines in ionic liquids in the pres-
ence of Er(OTf)3. The ionic liquid and the catalyst are recycled up to five times without any specific treatment or loss of activity.
Extension of the procedure to the synthesis of isoxazolidinyl nucleosides has been investigated.
� 2007 Elsevier Ltd. All rights reserved.

The 1,3-dipolar cycloaddition reactions represent the
favourite method for the construction of five-membered
heterocycles, important frameworks of various natural
products.1 In particular the 1,3-dipolar cycloadditions
of nitrones with alkenes afforded isoxazolidines, which
are interesting intermediates for the synthesis of b-ami-
no alcohols and alkaloids2,3 or, more recently, of cyclic
and bicyclic 4’aza analogues of 2 0,3 0-dideoxynucleo-
sides,4 the isoxazolidinyl nucleosides active against
HIV ‘in vitro’ tests.5,6 One of the major drawbacks of
this kind of reactions, however, is the drastic experimen-
tal conditions required to obtain cycloadducts in satis-
factory yields. Lewis acid catalysis has been used to
enhance reaction rates providing, in the same time, a
strict control on regio-, diastero-, and enantioselectiv-
ity.7 In the Lewis acid-catalyzed 1,3-dipolar cycloaddi-
tion the coordination of the Lewis acid to the oxygen
atom of nitrone gives a dominant LUMOnitrone–
HOMOalkene interaction, making this approach more
selective.7b

The use of ionic liquids (ILs)8 as support for organic
synthesis, in particular in cycloaddition reactions, has
been described in some recent publications.9 Ionic liq-
uids have received in latest years a good deal of atten-

tion since classical organic reactions can be performed
in these media with great advantages (yield and selectiv-
ity) as compared to conventional conditions. Taking
into account the advantages offered by ILs, we have
combined our past experience in the field of cycloaddi-
tions4 and catalysis with the versatile properties of
ILs10 with the aim to find new routes for appealing isox-
azolidine synthesis.

Initially we have focused our attention on the cycloaddi-
tion of the model N-benzyl C-phenyl nitrone 1a with
dipolarophile butyl vinyl ether 2, catalyzed by Er(OTf)3

in bmim(OTf) (1-butyl-3-methyl imidazolium, TfO� ¼
CF3SO3

�Þ11 at room temperature.

As shown in Table 1, the presence of the catalyst, its
loading and increasing amounts of the dipolarophile
strongly influence the reaction rates. For a ratio 1a/2/
Er(OTf)3 of 1:20:0.2 an almost complete conversion to
cycloaddition product 3a is observed in reasonable reac-
tion times (3 h), at room temperature (entry 8). A similar
conversion and yield may be obtained employing a low-
er amount of alkene but a higher temperature (entry 6).
Compared to conventional conditions the cycloaddition
reactions performed in ionic liquids are much faster and
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Table 1. Reaction of nitrone 1a (1 mmol) with butyl vinyl ether 2, in different experimental conditions

Entry Alkene 2 (mmol) Er(OTf)3 (mmol) T (�C) Solvent Time (h) Conversion, % (Yield, %) 3a endo:exo ratio

1 20 — 25 bmim(OTf) 2 — —
2 5 0.1 25 bmim(OTf) 3 64 (60)a b

3 5 0.2 25 bmim(OTf) 1 64 53:47
4 5 0.2 100 bmim(OTf) 1 15 54:46
5 15 0.2 25 bmim(OTf) 1 75 60:40
6 15 0.2 100 bmim(OTf) 3 92 (89) 51:49
7 20 0.2 25 bmim(OTf) 1 80 (78) 63:37
8 20 0.2 25 bmim(OTf) 3 96 (90) 62:38
9 20 0.2 25 MeOH 3 22 (18) 60:40

10 20 0.2 110 Toluene 3 65 (50) 65:35

a Determined by GC analysis with an internal standard.
b Not determined.

Table 2. Reaction of N-benzyl C-phenyl nitrone 1a and N-methyl C-phenyl nitrone 1b with various alkenes catalyzed by Er(OTf)3 in bmim(OTf) at
25 �C

Entry Nitrone Alkene Time (h) Product R = CH2Ph or CH3 Conversion, % (Yield, %)a endo:exo ratio
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O 3c16 96 (91) 60:40
2 1b 1 3d17 99 40:60
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7 1a
O

5

O
N

R

Ph

O

3g18 70 (65) 77:23
8 1b 1b 3h14 99 37:63

9 1a

O
1b

O
N

R

Ph

O
3i14 99 (95) 26:74

10 1b 0.5b 3l14 99 25:75
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a Determined by GC analysis with an internal standard.
b Reaction performed at 0 �C.
c 2.5 mL of IL is used in this case.
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