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1,3-Dipolar cycloaddition of alkyl glyoxylate-derived nitrones to E-crotonaldehyde can be catalyzed by
hybrid diamines, obtained from (S)-BINAM and L-a-amino acids. The hybrid of (S)-BINAM and L-Phe
was found to be the best organocatalyst. Products were obtained in good yield and diastereoselectivity
as well as high enantioselectivity (82–91% ee). Subsequent transformations into functionalized pyrrolid-
inones have been demonstrated.

� 2010 Elsevier Ltd. All rights reserved.
1,3-Dipolar cycloaddition (1,3-DC) of nitrones to alkenes pro-
vides isoxazolidines,1 which are useful precursors for interesting
heterocyclic products. The general utility of an asymmetric variant
of this reaction has been demonstrated by syntheses of many opti-
cally active products.2 Enantioselective protocols for 1,3-DC involv-
ing the use of metal complexes have been widely explored with
limited levels of success.3

The use of chiral secondary amines as organocatalysts for this
type of 1,3-DC reaction with a,b-unsaturated aldehydes is one of
the most promising synthetic strategies to have emerged recently.4

However, most reports concerning such organocatalyzed 1,3-DC,
including our earlier paper,5 describe reactions of aromatic nitro-
nes, especially benzaldehyde or naphthaldehyde derivatives.

Therefore, in this study, we focused our attention on asymmetric
1,3-DC of alkyl glyoxylate-derived nitrones to E-crotonaldehyde.
The possibility of ester group introduction into the isoxazolidine
product allows further synthetic manipulations. Thus, glyoxylate
nitrones were successfully applied as substrates for the diastereose-
lective synthesis of, for example, alkaloids, amino acids, and amino-
sugars.2 To our knowledge, only two examples of enantioselective
protocols for such substrates have been described.6,7 The reaction
of t-butyl glyoxylate nitrone (1e) with allyl alcohol catalyzed by a
chiral zinc complex, leading to an isoxazolidine product (68%, 92%
ee), was reported by Inomata’s group.6 Jørgensen and co-workers7

reported the first inverse electron demand 1,3-DC of glyoxylate
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nitrones to vinyl ethers catalyzed by a chiral bisoxazoline–copper
complex, however, only two examples of high enantioselectivity
were observed.

Herein we report the first highly enantioselective organocatalytic
1,3-DC of glyoxylate-derived nitrones 1a–j to E-crotonaldehyde (2)
(Scheme 1). We initially investigated the reaction of 2 with N-
benzyl-a-ethoxycarbonylmethanimine N-oxide (1b) as a model
process to test our catalysts: commercially available MacMillan’s
imidazolidinone C1,4a and three hybrid diamines C2–C4 obtained
by us.8 In the presence of C1, a nearly equimolar mixture of diaste-
reomeric products 3b9 + 4b was obtained in low yield (Table 1, entry
1). After reduction, the corresponding 3,4-trans-alcohol10 was
isolated with 58% ee. Since catalyst C1 was inefficient in this case,
we investigated the chiral salts of amines C2–C4 (entries 2–4).

These salts were recently developed by us and used as efficient
catalysts for the 1,3-DC of aromatic nitrones to a,b-unsaturated
aldehydes.5 We envisioned that the increased rigidity and bulkiness
of our catalysts might lead to improved stereocontrol of the reac-
tion. Among the salts tested, C2*TfOH gave the best results in terms
of yield and stereoselectivity. Under optimized conditions,5 the mix-
ture of products 3b + 4b was obtained in 80% yield, in a 3.8:1 ratio,
and 90% ee of the major diastereomer 3b (entry 2). Next, we inves-
tigated the scope of the 1,3-DC reaction with nitrones of type 1. As
shown in Table 2, this reaction worked especially well for primary
ester derived nitrones (entries 1, 2, and 4). Usually, enantiocontrol
over 85% ee was observed. The best results were obtained for ben-
zylic glyoxylate-derived nitrones (entries 7–10).

The presence of a substituent on the benzyl ring affected neither
the stereoselectivity nor the yield of the reaction. The results
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Table 1
Screening of the catalysts in the model 1,3-DC reaction of 1b with 2a

N

N
H

Bn

O

HCl

C1

NH

NH

NH2

NH2

R3

R3

O

O

C2, R3=Bn
C3, R3=Me
C4, R3=i-Bu

Entrya Catalystb Yieldc (%) 3b:4bd ee (%) of 3e

1 C1 20 1.5:1 58
2 C2 80 3.8:1 90
3 C3 82 1:1 60
4 C4 79 1:1 45

a The reactions were carried out on 0.25 mmol scale for 72 h.
b Except for C1 (20 mol %), 10 mol % of the catalysts C2–C4 in the presence of

9 mol % of TfOH were applied.
c Isolated combined yield of 3b and 4b.
d Determined after 1H NMR analysis of the crude reaction mixture.
e Determined after reduction of the carbonyl group to the corresponding alcohol

and HPLC analysis using chiral columns.

Table 2
Scope of glyoxylate nitrones 1 in the 1,3-DC reaction with 2 catalyzed by 10 mol % of
C2 in the presence of 9 mol % of TfOHa

Entrya Product Yieldb (%) Ratio of 3:4c ee (%) of 3d

1 3a/4a 49 2.5:1 82
2 3b/4b 80 3.8:1 90
3 3c/4c 64 1:1 91
4 3d/4d 75 4.6:1 87
5 3e/4e 70 7:1 87
6 3f/4f 69 5.6:1 86
7 3g/4g 77 8.5:1 90
8 3h/4h 79 9.5:1 89
9 3i/4i 90 9.9:1 90

10 3j/4j 58e 6.6:1 88

a The reactions were carried out on 0.25 mmol scale for 72 h.
b Isolated combined yield of 3 and 4.
c Determined after 1H NMR analysis of the crude reaction mixture.
d Determined after reduction of the carbonyl group to the corresponding alcohol

and HPLC analysis using chiral columns.
e Isolated as the corresponding 3,4-trans-alcohol.

Figure 1. ORTEP projection of the N-tosylhydrazone of 3b.
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obtained with t-butyl nitrone 1e were promising, but purification
of the product by chromatography on silica gel was difficult. Only
in the case of i-propyl glyoxylate nitrone 1c were the results signif-
icantly worse in terms of diastereocontrol and yield (entry 3),
although a drop in yield and enantioselectivity was also observed
for the smallest methyl ester 1a (entry 1). We believe that some
of the lower yields may be explained by ester group lability under
the acidic conditions of the reaction. In all examples, after
reduction of the carbonyl group, the major diastereomer of the
corresponding alcohol could be isolated in pure form via
chromatography.

The configurations of products 3, being 3,4-trans, 4,5-trans were
deduced from their 1H NMR spectra and confirmed by X-ray crys-
tallographic analysis of compounds 3b and 3g, performed on their
N-tosylhydrazones. From the same X-ray analyses, we determined
the absolute configurations of these two compounds as (3R,4S,5R).
The ORTEP projection of the N-tosylhydrazone of 3b is shown in
Figure 1.

Our earlier experiments on the influence of the acid additive
suggest an iminium ion as a catalytic intermediate.5 Moreover,
the 1H NMR spectra of catalyst C2, recorded in the presence of
increasing amounts of TfOH, show an upfield shift of the amide
proton (D �0.2 ppm, 0.5 equiv TfOH), indicating an internal hydro-
gen-bonding interaction between the amide and trifluoromethane-
sulfonic acid. Analogously, the amine proton was shifted downfield
(D �0.5 ppm, 0.5 equiv TfOH), being consistent with ammonium
salt formation. When the C2*TfOH salt solution in nitromethane
was treated with crotonaldehyde 2, the mixture turned dark-red
within a few minutes. This observation is also consistent with
the possibility of the formation of a conjugated iminium ion.

As we did not succeed in growing crystals of catalyst C2 or its
salt that were suitable for X-ray crystallographic analysis, we per-
formed other experiments to assess further the influence of the
stereogenic elements of the catalyst on its activity. We have shown
that only the S configuration of the binaphthyl moiety, combined
with an L-amino acid, led to enhanced stereoselectivity.5 To
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compare the influence of both axial chirality and the stereogenic
center, we reinvestigated the reaction of aromatic nitrone 5 with
E-crotonaldehyde (2), performed in the presence of two non-hy-
brid analogs of C2: (S)-BINAM glycine diamide C6 and biphenyl
L-Phe diamide C7 (Table 3, entries 2 and 3). We also performed
the same reaction in the presence of L-Phe methyl ester hydrochlo-
ride C5 (entry 1). The selectivity for both C5 and C6 was low, indi-
cating that none of the different stereogenic elements themselves
were responsible for the high level of asymmetric induction. How-
ever, the biphenyl diamide produced the endo adduct 6a in good
yield and stereoselectivity: 84% yield, 3.8:1 dr, and 81% ee. This re-
sult confirms that the presence of both amino acid units is impor-
tant for high asymmetric induction but, when combined with the
Table 3
Comparison of the catalysts C5–C7 and C2 in the 1,3-DC reaction of 5 with 2

N+
O-

Ph Bn

O

MeNO2,
4 ºC

ON
Bn

6a: (3R)
6b: (3S)5

2

cat. 10 mol%
TfOH 9 mol%

Ph

O

*

C5

NH

NH

NH2

NH2

R3

R3

O

O

C6, G=(S)-1,1-binaphth-2,2'-yl,
R3=H
C7, G=1,1'-biphen-2,2'-yl, R3=Bn

CO2Me

NH2*HCl

Bn

G

Entrya Catalystb Yieldc (%) 6a:6bd ee (%) of 6ae

1 C5 78 1:1.3 23
2 C6 59 1:2 5
3 C7 84 3.8:1 81
4 C2 75 7:1 925

a The reactions were carried out on 0.25 mmol scale for 72 h.
b Except for C5 (10 mol %), 10 mol % of the catalysts C2, C6, and C7 in the presence

of 9 mol % of TfOH were used.
c Isolated combined yield of 6a and 6b.
d Determined after 1H NMR analysis of the crude reaction mixture.
e Determined after reduction of the carbonyl group to the corresponding alcohol

and HPLC analysis using chiral columns.
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Scheme
axially chiral binaphthyl moiety, leads to increased diastero- and
enantiocontrol.

Cycloadduct 3b was chosen for further studies toward synthetic
applications of the obtained isoxazolidines. We envisioned that
changing the carbonyl group at C-4 to an amine functionality and
subsequent cleavage of the N–O bond of the starting isoxazolidine
might lead to the formation of a new c-lactam ring 2-pyrrolidinone
derivative. Such cleavage is known to be facile, for example, by cat-
alytic hydrogenation. A similar strategy for lactam formation was
applied by Brandi et al.11 for the synthesis of alkaloids.

The 2-pyrrolidinone moiety is present in many natural prod-
ucts,12 compounds of medicinal interest,13 and peptidomimetic
building blocks.14 Stereoselective synthesis of these compounds of-
ten requires multi-step procedures. Thus, development of new effi-
cient methods for their enantioselective synthesis represents an
attractive target.15

First, to demonstrate the preparative utility of our methodology,
we performed the reaction of 1b with 2 (Scheme 1), using a lower
loading (5 mol %) of catalyst C2 (with 4.5 mol % of TfOH). Diaste-
reomerically pure 3b was isolated in 65% yield and 87% ee. Thus,
the enantioselectivity was only slightly affected by reducing the
catalyst amount. Next, we converted 3b into the corresponding
amine by reductive amination with NH4OAc and subjected it to
catalytic hydrogenation. However, after consumption of the start-
ing material, analysis of the reaction mixture showed only decom-
position products.
O
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Figure 2. ORTEP projection of N-Me pyrrolidinone 8a.
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Since the intermediate amine seemed to be unstable, we
decided instead to subject the corresponding oxime 9 to catalytic
hydrogenation. This time, the N-Boc protected 2-pyrrolidinone
8b16 was isolated in 28% yield over three-steps (Scheme 2).

Next, we wanted to test the strategy with other substituted
amines. When we subjected N-Me amine 7 to catalytic hydrogena-
tion, the yield of the crucial c-lactam formation step was in the
range of 80–90%, and pyrrolidinone 8a17 was isolated in 50% yield
over three-steps, as shown in Scheme 2. After recrystallization,
compound 8a was analyzed by X-ray crystallographic analysis
and its relative configuration was confirmed (Fig. 2).

In conclusion, we have developed the first organocatalytic
enantioselective reaction of alkyl glyoxylate-derived nitrones with
E-crotonaldehyde.18 The reaction is effective with organocatalyst
loadings as low as 5 mol %. Enantioselectivities of up to 91% ee
were observed. We also demonstrated the application of the ob-
tained cycloadduct 3b in short and simple syntheses of functional-
ized 2-pyrrolidinones.
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