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Abstract—The 1,3-dipolar cycloaddition of acrylates derived from methyl (R)- and (S)-lactate, as chiral dipolarophiles, with glycine and
alanine derived azomethine ylides is described for the first time. By using the corresponding silver metallo-azomethine ylides polysubsti-
tuted endo-prolines were obtained with high diastereo- and enantioselectivity. The process occurs at room temperature in toluene with
10 mol % of AgOAc by using either KOH or Et3N as bases, also in substoichiometric amounts. Under these mild reaction conditions,
enantiomerically enriched polysubstituted prolines resulting from an endo approach were obtained in general in high yields and de (86–
99%). The absolute configuration of the resulting prolinates can be determined on the basis of X-ray diffraction analysis.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The enormous demand for enantiomerically enriched mole-
cules has no limits and asymmetric synthesis1 is continu-
ously developing new methodologies in order to cover
this urgency. The main challenge in this area is to create
the maximum number of stereogenic centres in only one
reaction step employing the minimum amounts of reagents.
From this point of view, asymmetric cycloaddition
reactions2 are very interesting because the absolute config-
uration of four stereocentres can be controlled simulta-
neously. This control is more secure and reliable when
very low to ambient temperatures are employed.

The 1,3-dipolar cycloaddition reaction of azomethine
ylides3 and alkenes was revealed to be an appropriate strat-
egy to develop this multiple stereocontrol (including the
regiochemistry of the process), especially in the metal-as-
sisted generation of the corresponding azomethine ylides.3e

If we evaluate all of the possible ways to generate the title
azomethine ylides,3d we observe that the N-metallation
route, where a N-metallo imine, direct precursor of the
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metallo-dipoles, allows the cycloaddition with alkenes to
proceed under very mild reaction conditions. In fact, the
most important and attractive asymmetric 1,3-dipolar cyclo-
additions have been optimized using the combination of
N-metallo dipole/base, with the chiral information being
placed at either the dipole, the alkene (diastereoselective
processes)3c or more recently, by using a chiral ligand–tran-
sition metal complex as catalyst (enantioselective pro-
cesses).3a,b There has been high interest since 2002
regarding the use of substoichiometric chiral metal com-
plexes as catalysts or even organocatalysts.3a,b,4 Although
all these contributions are good pieces of successful chem-
istry, they cannot be extensively applied to a very wide
number of substrates because the enantiodiscrimination
exhibited by these catalysts are very sensitive to structural
changes in both dipole and dipolarophile components. In
this sense, a diastereoselective route using metallo-azo-
methine ylides seems to be more tolerant versus these
structural modifications, especially when the chiral
information is bonded either to the acrylate moiety3d or
to the dipole.5

The most relevant recent contributions dealing with this
type of transformation employed chiral acrylamides,6

including the Oppolzer sultam-derived acrylamide used in
the total synthesis of (�)-lemonomycin,6c chiral enones
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derived from carbohydrates,7 a chiral a-sulfinylcyclopente-
none,8 a chiral Fischer alkenyl carbene,9 and chiral nitro-
alkenes used in the preparation of inhibitors of a4b1-
integrin-mediated hepatic melanome metastasis.10 Many
of these chiral auxiliaries are very sophisticated or not very
easily accessible molecules, so in the search of the most sim-
ple and readily available chiral acrylate, we focussed our
attention on a very inexpensive, small and nontoxic methyl
(S)-lactate as chiral auxiliary.11 In this communication, we
report the use for the first time of methyl (S)- and (R)-lac-
tate acrylates as dipolarophiles in the 1,3-dipolar cyclo-
addition reaction with silver azomethine ylides for the
synthesis of polysubstituted prolines.
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Scheme 1. Synthesis of chiral acrylates 1.
2. Results and discussion

Enantiomerically enriched acrylates (R)- and (S)-1 were
easily obtained in 86% isolated yield, starting from acryloyl
chloride and the corresponding methyl (R)- or (S)-lactate
using triethylamine and a small amount of N,N-dimethyl-
aminopyridine (DMAP) as bases in dichloromethane
for 2 days at room temperature (Scheme 1).16 This process
represents an advantageous alternative to the previously
reported synthesis employing acryloyl chloride and the
corresponding methyl lactates in refluxing carbon tetra-
chloride (very toxic and no more commercially available)
for 4 days.12a

Following with our previous studies analyzing the effects of
the amounts of silver salts, bases and the introduction of
PTC agents in the 1,3-dipolar cycloaddition reactions
of azomethine ylides and alkenes,17 we selected two meth-
ods to run the diastereoselective cycloaddition reaction
between the enantiomerically pure alkenes 1 with several
imino esters 2–5. Both methods (A and B) operated with
the same amount of silver acetate (10 mol %), in toluene
employing either KOH (10 mol %) (Method A) or triethyl-
amine (10 mol %) (Method B) (Scheme 2 and Table 1).
When alkylidene glycinates 2 were allowed to react with
acrylate (S)-1 under Methods A and B reaction conditions,
the corresponding endo-6 products were mainly obtained as
pure crude compounds. The initial experiment using Method
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Scheme 2. 1,3-Dipolar cycloaddition reactions.
A, between benzaldiminine glycinate methyl ester 2aa and
(S)-lactate acrylate 1 gave endo-6aa proline derivative in
98% yield and 93% de (Table 1, entry 1). When the same
reaction was performed with the (R)-lactate acrylate
compound 6aa was obtained with the same but opposite
specific rotation and by chiral HPLC analysis of the crude
reaction mixture (Chiralcel OD-H) (Table 1, entry 2).
The influence of the steric effect caused by the ester group
was evaluated using methyl 2aa, isopropyl 2ab and tert-
butyl 2ac glycinates, obtaining similar diastereoselection
(92–94% de) for the methyl and isopropyl esters and a
99% de for the tert-butyl ester (Table 1, entries 1, 3 and
5). According to the quantitative yields obtained in the
reaction of the methyl ester 2aa under Method A condi-
tions, it can be concluded that potassium hydroxide did
not hydrolyze the ester group, which represented an advan-
tage because methyl esters are commercially more available
and inexpensive. Both effects (the ester influence and its
hydrolysis by the base) were also confirmed by comparison
between the crude reaction products obtained from methyl
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Table 1. Diastereoselective 1,3-dipolar cycloaddition reactions of compounds 2–5 with chiral alkenes 118

Entry Compounds 2–5 Method Crude endo-6–9 Purified endo-6–9

No. Ar R1 R2 No. Yielda (%) deb (%) Yieldc (%) deb (%) [a]D (20 �C) in CHCl3

1 2aa Ph H Me A 6aa 98 93 64 94 �82.6 (c 1)
2 2aa Ph H Me Ad 6aa 98 93 65 94 +82.6 (c 1)
3 2ab Ph H iPr A 6ab 98 92 63 92 �63.0 (c 1)
4 2ab Ph H iPr B 6ab 97 92 64 92 �63.0 (c 1)
5 2ac Ph H tBu A 6ac 99 95 73 99 �59.8 (c 1)
6 2ba 2-Naphthyl H Me A 6ba 99 88 60 90 �63.9 (c 1.2)
7 2ba 2-Naphthyl H Me B 6ba 99 88 60 90 �63.9 (c 1.2)
8 2bc 2-Naphthyl H tBu A 6bc 98 90 70 99 �57.0 (c 1)
9 2bc 2-Naphthyl H tBu B 6bc 90e 91 63 99 �57.0 (c 1)

10 3aa Ph Me Me A 7aa 99 90–92 65 88–90 �66.3 (c 1.2)
11 3aa Ph Me Me B 7aa 99 91 64 88–90 �66.3 (c 1.2)
12 3ac Ph Me tBu A 7ac 97 88 70 92 �57.4 (c 1)
13 4aa Ph iBu Me A 8aa 45 90 32 90 �44.0 (c 1.2)
14 5aa Ph Bn Me A 9aa 97–98 83 67 86 �45.3 (c 1)

a Isolated crude yield after work-up.
b Determined by chiral HPLC (Chiralcel OD-H).
c Isolated yield after purification by flash chromatography.
d The reaction was carried out with acrylate derived from methyl (R)-lactate.
e Unpurified reaction crude.
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and tert-butyl naphthaldehyde-imine glycinates 2ba and
2bc, respectively (Table 1, entries 6 and 8).

Methods A and B provided identical results in the trans-
formations starting from glycinate Schiff bases derived
from benzaldehyde 2ab and naphthaldehyde 2ba (Table 1,
compare entries 3 with 4 and 6 with 7, respectively).
However, the reaction, when using imino ester 2bc in the pre-
sence of triethylamine, yielded (in 90% and with a 91% de)
a crude product with significant unidentified impurities
(approximately 3%) of the crude product, whilst the react-
ion performed with KOH gave a 98% crude yield and
93% de (Table 1, entries 8 and 9). The absolute configur-
ation of these three newly created stereogenic centres
was determined by X-ray diffraction analysis of the N-
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Scheme 3. Derivatization of compound 6ba.
(p-toluenesulfonyl) derivative 13,19 obtained from the
corresponding compound 6ba20 by treatment with p-tolu-
enesulfonyl chloride and triethylamine in refluxing DCM
for 2 days (Scheme 3 and Fig. 1). It can be deduced that
(S)-lactate acrylate gave (2R,4R,5S)-prolinates and the
enantiomeric (R)-lactate acrylate (2S,4S,5R)-prolinates.

Next, the effect of the a-substituent on the dipole was stud-
ied. As a result, the 1,3-dipolar cycloaddition reactions
with azomethine ylides derived from benzaldimines of ala-
nine, leucine and phenyl alanine 3, 4 and 5, respectively,
were performed employing both methods. Thus, the ala-
nine derived Schiff base 3aa gave almost pure compound
7aa (99% crude yield and 90–92 de), independent of the
method used for the cycloaddition reaction (Table 1,
entries 10 and 11). Apparently, some difference can be
observed between the methyl and tert-butyl imino esters
3aa and 3ac generating the cycloadducts 7 in 99% crude
Figure 1. X-ray structure of Proline 13.19
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and 88–91% de yield (Table 1, entries 10 and 12). A bulkier
group such as iBu at the a-position of the azomethine ylide,
as occurred in the example of imino ester 4, had a dramatic
influence over the reaction course, obtaining very low con-
versions (45%) and poor isolated yields of the cycloadduct
8aa (Table 1, entry 13). In contrast, the phenylalanine
derived imino ester 5aa did not seem to be influenced so
dramatically by the bulkiness of its a-substituent in the
reaction to proceed in 97–98% yield and 86% de (Table
1, entry 14). In general, yields and conversions were similar
to those obtained for the examples described with glycine
but with slightly lower diastereoselection (from 90–93%
to 83–92%).

The major compounds endo-6–9 were obtained together
with the other diastereomeric endo-10. These isomers were
generated in higher proportions through the thermal 1,3-
dipolar cycloaddition reaction of imino esters 2–5 with
the acrylate (S)-1 and further identified by 1H NMR and
assigned to the peaks observed in the corresponding HPLC
analysis. Moreover, the presumed exo-adducts exo-11 and
exo-12 could also be detected by chiral HPLC analysis.
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In all of the examples described, a partial decomposition of
the cycloadducts was observed during the flash chromato-
graphy purification and, as a consequence, a significant
drop in the isolated yields occurred. However, cyclo-
adducts 6–9 were isolated after flash chromatography
purification in higher de than the crude products.
3. Conclusion

We can conclude that chiral acrylates derived from methyl
(R)- and (S)-lactate, easily obtained in one step process
from inexpensive starting materials, are excellent dipolaro-
philes for the diastereoselective 1,3-dipolar cycloaddition
with amino esters azomethine ylides. In particular, methyl
(S)-lactate generated a (2R,4R,5S)-configuration in the
endo-6–8 and (2S,4R,5S)-endo-9 adducts with very good
diastereoselectivities. Apart from glycine Schiff bases, this
procedure was successfully applied to imino esters derived
from a-substituted amino acids generating the three new
stereogenic centres, one of which is a quaternary carbon
atom. These products were cleanly obtained using potas-
sium hydroxide rather than triethylamine. New examples
for the direct application of this methodology, as well as
computational studies about the influence of the chiral
arrangement on the enantiodiscrimination of the process,
are currently underway.
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