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Abstract—For evaluation of a chiral C2-symmetric bis(oxazoline) ligand, its Lewis acid complexes-catalyzed asymmetric 1,3-dipolar
cycloaddition reactions of nitrones with electron-deficient dipolarophiles, 3-(2-alkenoyl)-1,3-oxazolidin-2-ones, have been investi-
gated and it was found that the cycloadditions using a Cu(II)-bis(oxazoline) complex under optimized reaction conditions induced
extremely high enantioselectivity.
� 2004 Elsevier Ltd. All rights reserved.
The 1,3-dipolar cycloaddition (1,3-DC) reaction of nit-
rones with alkenes is an important reaction in organic
synthesis.1 It offers a straightforward and efficient syn-
thesis of isoxazolidine derivatives with predictable and
highly regio- and stereoselective construction of up to
three stereogenic centers of the resulting isoxazolidine
cycloadducts, which are readily converted to c-amino
alcohols as useful building blocks for compounds such
as alkaloids, amino acids and b-lactam antibiotics.2

Since the first pioneering catalytic enantioselective nit-
rone 1,3-DC reactions with different electron-demand
types were reported by Scheeren and Jørgensen in
1994,3 chiral Lewis acid-catalyzed nitrone 1,3-DC reac-
tions have been developed by the groups of Jørgen-
sen,4–7 Kanemasa,8 Kobayashi,9,10 Furukawa,11,12

Scheeren,13 Iwasa,14,15 Suga16 and others.17–20 Although
a number of chiral catalysts have been developed so far,
the reported catalysts for successful use in catalytic
enantioselective nitrone 1,3-DC reactions are still limi-
ted. For example, in nitrone 1,3-DC reactions with 3-
(2-alkenoyl)-1,3-oxazolidin-2-ones, DBFOX–Ni(II),8a

XABOX–Mg(II)/Mn(II)14 and trialkylsilyloxymethyl-
substituted PYBOX–Ni(II)15 complexes having triden-
tate or multi-points coordination sites were shown to
give high endo and enantioselectivities (>90% ee�s in
most cases), while bidentate metal complexes, BINAP–
Pd(II),11 binaphtyldiamine-derived chiral bisimine–
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Ni(II) (BINIMs),16 TADDOL–Ti(IV),4a and bis(oxazo-
line) [BOX]–Mg(II)5,17 complexes, and even tri- and
multi-dentate PYBOX–Yb(III)6 and BINOL–BOX–
Sc(III)12 complexes were reported to induce enantio-
selectivity of 80–89% ee�s or less with endo selectivity.
The only exceptional cases of bidentate ligands–metal
complexes showing high ee�s were provided by BI-
NOL–Yb(III)(OTf)3

9 and TADDOL–Ti(IV)(OTs)2
(50mol%).4b However, in the former complex the com-
bined use of chiral amine (N-methyl-bis[(R)-1-(1-naph-
thyl)ethyl]amine) was crucial and in the latter the use
of 50mol% of the catalyst and its tosylate as a counter
anion were necessary.

Recent reports on the 1,3-DC reactions seem to be direc-
ted towards development of new methods by designing
essentially new and effective chiral ligands/catalysts
and/or substrates to achieve high diastereo- and enantio-
selectivities. In this context, it is of value to find new
combinations of chiral ligands–metal catalysts and sub-
strates (reaction) wherein high efficiency is achieved,
even if chiral catalysts and substrates are each known.
On the other hand, it is true that even in similar reac-
tions where the same substrates are used, resulting dia-
stereoselectivity and enantioselectivity, in particular,
are both dependent upon factors such as reaction condi-
tions (solvent, temperature concentration, etc.) and
additives (molecular sieves, amine, N-oxide, etc.) as well
as the chiral ligands and Lewis acid metals emplo-
yed.1f,21,22 Therefore, it is of value to probe and tune

mailto:tsaito@ch.kagu.sut.ac.jp 


9582 T. Saito et al. / Tetrahedron Letters 45 (2004) 9581–9584
such factors for gaining high efficiency and for exploita-
tion of the catalysts.

In this context, we wish to report herein examples of cata-
lytic enantioselective nitrone 1,3-dipolar cycloadditions
with 3-alkenoyl-1,3-oxazolidin-2-ones by use of a read-
ily available and simple, bidentate chiral bis(oxazoline)
(1) ligand on a Cu(II) complex, enantioselectivity
attained by which was extremely high.

N N

OO

 Bis(oxazoline) 1

We have previously reported highly enantioselective het-
ero Diels–Alder reactions of thiabutadienes to give opti-
cally active dihydrothiopyrans.22f,g In the reaction we
selected bis(oxazoline)(1) [IndaBOX] as the homochiral
catalyst ligand among a variety of chiral bis(oxazoline)
derivatives with a great deal of structural diversity23

and used bis(oxazoline)(1)–metal complexes [Cu(II)/
Ni(II)(OTf)2/(ClO4)2] as catalysts. Despite the possibility
Table 1. Catalytic enantioselective 1,3-DC reaction of nitrone 2a with dipol

N
R1

H

O -

Ph
R2

O

N O

O
+

2 3a = Me

b = H

chiral Lewis acid

reaction conditio
solvent, temp.
additive

+

Entry Lewis acid Additive Time (h)

1 Yb(OTf)3 MS4A 48

2 ZnBr2 + 2AgOTf MS4A 216

3 NiBr2 + 2AgClO4 MS4A 168

4 CuBr2 + 2AgClO4 MS4A 15

5 Cu(OTf)2 MS4A 36

6 Cu(OTf)2 MS5A 12

7 Cu(OTf)2 None 36

8 Cu(OTf)2 MgSO4 3

9 Cu(OTf)2
e MS4A 96

10 Cu(OTf)2
f MS4A 240

11g Cu(OTf)2 MS4A 168

12h Cu(OTf)2 MS4A 6

13i Cu(OTf)2 MS4A 48

14j Cu(OTf)2 MS4A 48

15k Cu(OTf)2 MS4A 48

a Reaction of 2a (0.22mmol) with 3a (0.20mmol) was carried out in CH2Cl2
acid/1 = 1.0:1.1) and an additive (200mg), unless otherwise noted.

b Isolated yield.
c Determined by 1H NMR spectroscopy and/or chiral HPLC analysis.
d Incomplete.
e 15mol% of catalyst was used.
f 10mol% of catalyst was used.
g At 0 �C.
h At 40�C.
i In toluene.
j In THF.
k In THF–CH2Cl2 (1:4).
of deactivation of the catalysts and loss of stereochemi-
cal control caused by coordination of the thiocarbonyl
compounds having relatively strong Lewis basicity, the
reaction worked well.22e,f This fact prompted us to
investigate enantiomeric 1,3-DC reactions of nitrones
with the promising catalysts, bis(oxazoline)(1)–metal
complexes, since a nitrone is a 1,3-dipole having rela-
tively strong Lewis basicity which often causes a serious
problem in Lewis acid-promoted reaction.24

Initially, screening of Lewis acids used in combination
with bis(oxazoline)(1) ligand was made using 20mol%
of the catalyst in a model reaction of nitrone 2a with
N-crotonoyloxazolidinone 3a at room temperature in
dichloromethane in the presence of molecular sieves
4A. Some selected results are summarized in Table 1, en-
tries 1–5.25 Yb(OTf)3 afforded cycloadduct 4a in quanti-
tative yield but enantiomeric excess�s of endo and exo
isomers were both as low as 12% and 21% ee, respec-
tively (entry 1). Among the Lewis acids tested, the best
results in enantioselectivities of both isomers were at-
tained (>99% endo ee, >99% exo ee) when Cu(OTf)2
was employed, whereas the endo/exo selectivity (70:30)
was moderate (entry 5). It is clear that the presence of
molecular sieves plays an important role and is crucial
for the reaction (entries 5–8). When the reactions were
performed in the absence of molecular sieves (entry 7)
arophile 3a in the presence of Lewis acid–ligand 1 catalysta

O
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R2

CO

Ph

N O

O
O

N

R1

R2Ph

CON O

O

4  endo (3S, 4R, 5S) 4  exo (3R, 4R, 5S)

+
ns

Yield (%)b endo/exoc endo ee (%)c exo ee (%)c

>99 84/16 12 21

90 47/53 41 73

43d 66/34 2 16

78 80/20 >99 >99

99 70/30 >99 >99

99 63/27 98 95

0 — — —

0 — — —

90 65/35 95 99

74d 57/43 92 92

99 70/30 >99 >99

99 68/32 90 87

99 75/25 89 87

98 70/30 >99 >99

99 70/30 >99 >99

(2mL) at room temperature in the presence of 20mol% catalyst (Lewis



Table 2. Catalytic enantioselective 1,3-DC reaction of nitrones 2a–k with dipolarophiles 3a,b in the presence of Cu(OTf)2–ligand 1 catalysta

Entry R1 R2 Time (h) Cycloadduct Yield (%)b endo/exoc endo ee (%)c exo ee (%)c

1 Ph Me 36 4a 99 70/30 >99 >99

2 4-CH3OC6H4 Me 36 4b 71 50/50 >99 >99

3 4-CH3C6H4 Me 36 4c 97 70/30 >99 >99

4 4-FC6H4 Me 36 4d 89 80/20 95 96

5 4-ClC6H4 Me 36 4e 94 70/30 >99 >99

6 4-BrC6H4 Me 15 4f 99 74/26 93 97

7 4-CF3C6H4 Me 36 4g 99 86/14 95 94

8 4-NCC6H4 Me 48 4h 86 83/17 99 95

9 4-NO2C6H4 Me 240 4i 29d 86/14 >99 >99

10 2-Naphthyl Me 36 4j 94 60/40 95 98

11 2-Furyl Me 24 4k 90 91/9 96 99

12 Ph H 12 4l 93 22/78 52 96

a Reaction of 2a–k (0.22mmol) with 3a,b (0.20mmol) was carried out in CH2Cl2 (2mL) at room temperature in the presence of 20mol% catalyst

(Cu(OTf)2/1 = 1.0:1.1) and an additive (200mg), unless otherwise noted.
b Isolated yield.
c Determined by 1H NMR spectroscopy and/or chiral HPLC analysis.
d Incomplete.
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or in the presence of a dehydrating agent such as MgSO4

(entry 8), the nitrone decomposed and almost no cyclo-
adduct was obtained. Molecular sieves 5A was some-
what less effective than molecular sieves 4A for
enantioselectivities of both endo and exo isomers (entry
6 vs entry 5). Even when 15 or 10mol% of the catalyst
was used (entries 9 and 10), high enantioselectivities
were still maintained for both endo isomer (95% ee,
92% ee) and exo isomer (99% ee, 92% ee), though the
reaction became slow. At 0 �C the reaction proceeded
slowly and the cycloadduct 4a was obtained in 99% yield
in an endo/exo ratio of 70:30 with endo >99% ee and exo
>99% ee (entry 11). The reaction at 40 �C proceeded
smoothly for 6h to afford 4a in 99% yield in an endo/
exo ratio of 68:32 with endo 90% ee and with exo 87%
ee (entry 12). The reaction in toluene improved the
endo/exo selectivity (75:25), whereas the endo ee and
exo ee both were lowered by 10–12% to 89% ee and
87% ee, respectively (entry 13). In THF or in a mixed
solvent of 25vol% of THF–CH2Cl2, the endo/exo selec-
tivity and enantioselectivity were both maintained in a
ratio of 70:30 with endo and exo ee�s of >99% (entries
14 and 15).

Finally, the 1,3-DC reactions of nitrones 2b–k bearing a
variety of C-substituents (R1) with dipolarophile 3a were
performed in the presence of 20mol% of Cu(OTf)2–1
complex in CH2Cl2 at room temperature (Table 2).
Although endo/exo selectivities were moderate to good,
extremely high enantioselectivities were achieved in all
cases. It is noteworthy that as the substituents (R1) on
the nitrones 2 become more electron withdrawing, the
endo selectivity increases. Acryloyl dienophile 3b also re-
acted with nitrone 2a to afford cycloadduct 4l in good
yield (93%); however, in this case exo selectivity was
observed in a 22:78 endo/exo ratio along with high exo
ee of 96%.

In summary, we have developed an asymmetric 1,3-DC
reaction of nitrones to give isoxazolidine cycloadducts in
good yields with extremely high enantioselectivity,
which is catalyzed by a readily available bidentate chiral
bis(oxazoline)–Cu(OTf)2 complex.
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