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Abstract—A new method has been demonstrated to solve the aggregation issue of metal complex catalysts; Steric protection of the
metal center of catalysts was effective in the cases of DBFOX/Ph-transition metal complexes by structural modification of chiral
ligand. The new ligands have been successfully applied to the nitrone cycloadditions to a variety of a,b-unsaturated aldehydes.
Excellent enantioselectivities up to 99% ee have been demonstrated in the reactions at room temperature with a catalytic loading of
2mol%.
� 2004 Elsevier Ltd. All rights reserved.
Although some successful examples have been reported
for the catalyzed enantioselective nitrone cycloaddition
reactions with a,b-unsaturated aldehydes, DBFOX/Ph-
transition metal complexes are regarded to be the most
useful catalysts.1;2 In the preceding communication,1 we
have already reported that the complex derived from
DBFOX/Ph and zinc(II) triflate, regardless of its
extremely small solubility in dichloromethane, works as
a powerful catalyst in the enantioselective nitrone
cycloadditions with a-bromoacrolein. In general, solubility
of metal complexes becomes low when strong attractive
interactions work among complex molecules, and the
resulting tight aggregation causes the decreased catalytic
activity. Therefore, much more efficient catalysis can be
expected if the above negative aggregation issue is
solved. Steric protection of the metal center of com-
plexes would be one of the most effective solutions. In
this communication, we have demonstrated steric pro-
tection of the metal center based on the structural
modification of DBFOX/Ph ligand. Excellent enantio-
selectivities of up to 99% were demonstrated in the nit-
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rone cycloadditions to a,b-unsaturated aldehydes at
room temperature.

As described above, treatment of DBFOX/Ph ligand A
with Zn(OTf)2 in dichloromethane (10mol% each) led
to a densely heterogeneous solution,3 but the resulting
suspension successfully catalyzed the reaction of
N-benzylideneaniline N-oxide (1a) to a-bromoacrolein
(2). The cycloadduct 3a, obtained in 85% yield as the far
major diastereomer, was converted into isoxazolidine-4-
methanol 4a, whose enantioselectivity was determined
to be 97% ee. In the preparation step of the DBFOX/Ph-
zinc complex catalyst, the insoluble materials were all
filtered off and then the filtrate was evaporated.4 1H
NMR analysis of the residue obtained showed that the
free DBFOX/Ph ligand A used was almost quantita-
tively recovered, indicating that the complex formation
was difficult due to the extremely small solubility of
Zn(OTf)2 in dichloromethane.5;6 Addition of nitrone 1a
to this suspension did not improve the solubility at all.
Thus, the chiral catalyst A (MX2 ¼Zn(OTf)2) should be
highly active in the nitrone cycloadditions to 5 if this is
formed in a higher concentration.

Coplanarity of the heterocyclic rings of ligand A may be
a major reason for the easy aggregation, and therefore
for the decreased solubility of the complexes.
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Introduction of substituents at the 5-positions of the
oxazoline rings of A would suppress the undesired
aggregation and improved catalytic activity is expected.
Substituted DBFOX/Ph derivatives, called the second
generation of DBFOX/Ph series, were synthesized via
straightforward synthetic routes; the starting methyl
phenylglycinate was converted into b-amino tertiary
alcohols by treating with excess Grignard reagents, and
the resulting alcohols were converted into the substi-
tuted DBFOX/Ph derivatives according to the usual
synthetic route to bisoxazolines.7

When the tetramethyl-substituted ligand B was treated
with Zn(OTf)2 under stirring in dichloromethane, a clear
solution resulted within a few minutes. The complex
formation was definitely confirmed by a 1H NMR
spectral study.8;9 Other metal salts could also be suc-
cessfully applied to prepare the corresponding com-
plexes of B and these were effectively used in the
cycloadditions of 1a to a-bromoacrolein 2 (Scheme 1).
Except for the complexes of B derived from
Ni(ClO4)2Æ6H2O and ZnBr2, those derived from metal
salts such as Co(ClO4)2Æ6H2O, Co(BF4)2, Zn(ClO4)2,
and Zn(OTf)2 were all highly effective catalysts when
applied to the reactions at room temperature in the
presence of 10mol% of the catalyst. Especially, it should
be emphasized that endo-selectivities were exclusively
high in all cases.

Other nitrones 1b–g having several aryl substituents on
the nitrone carbon atom were examined in the 1,3-
dipolar cycloaddition reactions with a-bromoacrolein 2
in the presence of 10mol% of complex of B
(MX2 ¼Zn(OTf)2) to give cycloadducts 3b–g with
exclusive enantioselectivity and endo-selectivity (Scheme
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1). The highest enantioselectivity of 99.9% ee was
observed with the exclusive endo-selectivity in the reac-
tion with N-(4-nitrobenzylidene)aniline N-oxide (1d).

When the catalytic loading was reduced to 2mol% for
1a, the reaction catalyzed by the complex of B
(MX2 ¼Zn(OTf)2) became rather slow giving a lowered
enantioselectivity of 57% ee (Scheme 2). However, the
reaction was completed within 1 h under SA condi-
tions10 at room temperature giving 3a in 73% yield with
an enantioselectivity of 97% ee for 4a. Even with the
decreased catalytic loading of 1mol%, an excellent
enantioselectivity of 95% ee was achieved. The complex
derived from tetrabutyl-DBFOX/Ph C and Zn(OTf)2
showed a catalytic activity similar to that of B, while the
complex of tetraphenyl-DBFOX/Ph D was much less
active.11 Thus, highly efficient catalytic activity of the
complexes derived from the second generation of
DBFOX/Ph ligands B and C is clear (Scheme 2).

Combination of the second generation of DBFOX/Ph
ligand with nickel(II) salts was also effective. Thus, the
reaction of 1a with methacrolein (5) in the presence of
10mol% of the complex of B (MX2 ¼Ni(ClO4)2ÆnH2O)
gave isoxazolidine-5-methanol 9 as a single product in
98% yield (endo only, 99% ee, Table 1). Even a catalytic
loading of 2mol% worked well at 0 �C giving endo-9 in
an excellent enantioselectivity of 96% ee, while the
reaction catalyzed by complex of A (MX2 ¼
Ni(ClO4)2ÆnH2O, 2mol%) provided a relatively low
enantioselectivity of 75% ee.

The cycloadditions of 1a with both a-ethylacrolein (6)
and a-phenylacrolein (7), in the presence of the nickel
(II) complex of C (MX2 ¼Ni(ClO4)2ÆnH2O, 10mol%),
were highly enantioselective producing 10 (quant, endo
only, 92% ee) and 11 (53%, endo only, 95% ee), respec-
tively. Although enantioselectivity was not very high
(77% ee for 12), the reaction of 1a with crotonaldehyde
(8) was almost exclusively endo-selective in the presence
of the zinc(II) complex of B (MX2 ¼Zn(OTf)2,
10mol%).

In conclusion, we have successfully solved the aggrega-
tion issue of the DBFOX/Ph-transition metal complexes



Table 1. Enantioselective nitrone cycloadditions to a,b-unsaturated
aldehydes 5–8a

Aldehyde Conditions and results Productsb
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aAll the reactions were performed in dichloromethane in the presence

of the complexes of B and MS 4A.
b Products 9–12 were obtained by reduction of the cycloadducts with

sodiumborohydride in ethanol.
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by structural modification of the chiral ligand DBFOX/
Ph. These new chiral ligands, named as the second
generation of DBFOX/Ph series, worked well to
improve catalysis in the nitrone cycloadditions using a
variety of a,b-unsaturated aldehyde dipolarophiles.
Excellent enantioselectivities up to 99% ee have been
demonstrated with a catalytic loading of 2mol%.
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