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of nitrones to a,b-unsaturated aldehydes
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Abstract—The triflate salt resulting from the treatment of diphenyl-S-prolinol with trimethylsilyl triflate, catalyzes the addition of
nitrones to a,b-unsaturated aldehydes to provide isoxazolidines in high yields and excellent diastereo- and enantioselectivities.
� 2006 Elsevier Ltd. All rights reserved.
In the past few years organocatalysis has emerged as a
powerful approach for the preparation of important
optically active building blocks.1 The LUMO-lowering
activation of a,b-unsaturated aldehydes using the
reversible formation of iminium ions with chiral imid-
azolidinones was reported by MacMillan and co-work-
Table 1. Catalyst screen for the cycloaddition of N-benzylidenebenzylamine
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ers as a valuable platform for the development of
various enantioselective organocatalytic cycloaddi-
tions.2 We decided to apply that strategy to the [3+2]
cycloaddition of a,b-unsaturated aldehydes to nitrones2b

using catalysts that could be synthesized in one step
from commercially available starting materials. As
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Table 1 (continued)

Entry Catalyst Time (days) endo:exoa % ee (endo)b
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a Determined by 1H NMR.
b Determined by chiral SFC on the corresponding alcohol.
c Reaction conducted in toluene at 4 �C.
d Reaction conducted in toluene at rt.
e Reaction conducted in CH2Cl2 at rt.
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revealed in Table 1, the reaction of N-benzylideneben-
zylamine N-oxide with (E)-crotonaldehyde was success-
ful with a variety of amine catalysts3 (entries 1–9,
14–97% ee) in CH2Cl2–IPA (85:15) at +4 �C. This
solvent system was unsuitable for catalyst 1c, as presum-
ably its sensitive trimethylsilyl moiety was cleaved under
those conditions. A solvent screen revealed that toluene
was optimal for that catalyst (Table 1, entries 4 and 5).
Catalyst 1e (second generation MacMillan catalyst)4–6

performed best (Table 1, entry 8) in terms of rate, diaste-
reo- and enantioselectivity. To our delight the perfor-
mance of catalyst 1c was comparable to that of 1e
(Table 1, entries 5 and 8), with the advantage that it is
Table 2. [3+2] Cycloaddition of a,b-unsaturated aldehydes and nitrones: su

O

H R1

Toluene, rt

(x mol%)

N

R

OZ
+

N
H

OTMS

Ph
Ph

HOTf 1c

Entry Z R R1 x (mol %)

1 Bn Ph Me 20
2 Bn Ph Me 10
3 Bn Ph Me 5
4d Bn Ph H 10
5 Bn Ph CO2Et 10
6 Me Ph Me 10
7d Me Ph H 10
8 Me Ph CO2Et 10
9 Bn Naph Me 10

10d Bn Naph H 10

a After column chromatography.
b Determined by 1H NMR.
c Determined by chiral SFC on the corresponding alcohol.
d Reaction conducted at 40 �C.
prepared in one step from commercially available diphe-
nyl-S-prolinol;3 the synthesis of second generation Mac-
Millan catalyst 1e requires multiple synthesis steps from
phenylalanine methyl ester.6 All other catalysts screened
(entries 1, 2, 7 and 9), promoted the desired [3+2] cyclo-
addition, albeit in lower enantioselectivities. The free
base of 1c has been used in previous organocatalytic
studies,7 but to the best of our knowledge this is the first
report on the organocatalytic properties of triflate salt
1c.8

The scope of the organocatalytic 1,3-dipolar cyclo-
addition between a,b-unsaturated aldehydes and various
bstract generality
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Table 3. [3+2] Cycloaddition of cyclopentene carboxaldehyde and various nitrones
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a After column chromatography.
b Determined by 1H NMR.
c Determined by chiral SFC on the corresponding alcohol.

S. S. Chow et al. / Tetrahedron Letters 48 (2007) 277–280 279
nitrones catalyzed by 1c was investigated (Table 2).9 The
amount of catalyst used was 10 mol %, as higher or low-
er catalyst loadings seemed to be detrimental either for
yield or reaction rate (compare entries 1–3). The lower
yield attained with 20 mol % catalyst (Table 2, entry 1)
could be attributed to greater aldehyde polymerization
or nitrone decomposition in the presence of a higher
amount of catalyst, but that experimental result is not
totally understood at this time. The cycloaddition was
quite general with respect to the nitrone structure. Var-
iation in the N-alkyl group (Z = Bn, Me) was possible
without loss in enantioselectivity (i.e., entries 2 and 6,
95% and 94% ee). Changes in the structure of the di-
polarophile were also well tolerated; acrolein (Table 2,
entries 4, 7 and 10) and ethyl oxobutenoate (Table 2,
entries 5 and 8) provided isoxazolidines in high diaste-
reo- and enantioselectivities. In the case of acrolein, best
results were attained at 40 �C instead of rt. Indeed the
endo:exo ratio was better at a higher temperature (Table
2, entry 4, 93:7 at 40 �C vs 75:25 at rt and 69:31 at
+4 �C), while the ee remained essentially the same. Even
1-cyclopentene-1-carboxaldehyde reacted to provide
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Figure 1. Postulated Si-face attack of the nitrone on the E-iminium
formed from acrolein and catalyst 1c.
fused isoxazolidines (Table 3) in an endo fashion. In this
instance, the smaller N-methyl group on the nitrone
afforded a better enantioselectivity (entry 2). This
method is complementary to a previous report using a
different organocatalyst,10 which afforded selectively the
exo adducts. Endo adducts from 1-cyclopentene-1-
carboxaldehyde and N-benzylidenephenylamine N-oxide
had been obtained earlier via a Lewis acid catalyzed
approach.11

Enantioselective formation of the endo-(4S)-isoxazol-
idine adduct was observed in all cases involving catalyst
(S)-1c (determined by comparison of their optical rota-
tion with values reported in the literature).2b Formation
of the (E)-iminium isomer (Fig. 1) was found to be pref-
erential (PM3-optimized structure). The position of one
of the phenyl groups and the silyl substituent on the
catalyst scaffold effectively shield the Re-face of the
dipolarophile, thus promoting cycloaddition from its
open Si-face.

In summary, a new chiral pyrrolidine derivative synthe-
sized in one step from commercially available reagents
has been found to be an excellent organocatalyst for
[3+2] cycloadditions. This catalyst is now available to
the scientific community to further investigate its scope
and utility in asymmetric reactions.
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