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A nonstabilized asymmetric azomethine ylide derived from sarcosine and cyclohexanone reacts with 3-
substituted coumarins and ethyl benzylidene malonate to give 4-aryl-2-pyrrolidones in moderate yields,
and the adducts of classical 1,3-dipolar cycloadditions as the minor products. The main reaction proceeds
via a domino process, starting with 1,4-nucleophilic addition to the conjugated double bond, and repre-
sents the first example of the nucleophilic properties of a nonstabilized azomethine ylide.
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a-amino acids with carbonyl compounds, which proceed via the
formation of intermediate nonstabilized azomethine ylides, and
then depending on the reaction conditions, lead to different prod-
ucts. The first type is the Strecker amino acid degradation resulting
in amino acetal formation, which hydrolyzes to give an aldehyde
containing one carbon atom less than the starting amino acid.1

However, in this case the intermediacy of a nonstabilized azome-
thine ylide is rare, and the process has no wide synthetic applica-
tion.1b,d,e The second type are the [3+2] cycloadditions, which have
been investigated extensively by Rizzi, Grigg, Tsuge, and others
(Scheme 1).2 The third type are 1,5- and 1,7-electrocyclizations
of conjugated azomethine ylides.3

The 1,3-dipolar cycloaddition and electrocyclization reactions
are carried out in an inert aprotic medium with the removal of
water; the azomethine ylide either reacts with the dipolarophile
or cyclizes intramolecularly, due to its inability to take part in ionic
interactions. In contrast, Strecker amino acid degradation assisted
by carbonyl compounds is performed in an alcoholic or aqueous
medium, resulting in hydrolysis of the intermediate azomethine
ylide with formation of an aldehyde. In 1979, Cohen reported on
the reaction of proline with o-hydroxyacetophenones (a process
similar to Strecker decarboxylation).4 The azomethine ylide
intermediate was able to deactivate its negative charge by
ll rights reserved.
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Scheme 1. Decarboxylative reactions of a-amino acids with carbonyl compounds.
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Scheme 2. Reactions of azomethine ylide derived from cyclohexanone and
sarcosine.
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protonation and demonstrated electrophilic properties relative to
the internal nucleophile (phenolate anion). Only in the last 5 years
has this chemistry achieved momentum.5 In particular, Seidel ex-
panded the reaction scope to various C-nucleophilic compounds
and increased significantly the synthetic utility of azomethine
ylides in non-pericyclic reactions.6 It would be logical to assume
the existence of nucleophilic properties in nonstabilized azome-
thine ylides, however, to the best of our knowledge, examples of
such reactions have not been published to date.
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In the course of our work on the reactions of nonstabilized
azomethine ylides with 3-substituted coumarin,7 we attempted
the reaction with the asymmetric nonstabilized azomethine ylide
derived from cyclohexanone and sarcosine. Surprisingly, only one
reaction of this ylide was known previously2f in which N-(p-
tolyl)maleimide gave the normal product of 1,3-dipolar cycloaddi-
tion in high yield (Scheme 2). Unexpectedly, we found that diethyl
coumarin-3-phosphonate 1 (1 equiv) reacted with sarcosine
(3 equiv) and cyclohexanone (1 equiv) in boiling toluene for 48 h
to form pyrrolidone 2 as the main product (47%) and a second
product of the classical [3+2] cycloaddition, 3 (20%).8,9 Compounds
2 and 3 were isolated by column chromatography on silica gel and
identified on the basis of 1H, 31P, and 13C NMR, MS, IR and elemen-
tal analyses, as well as 2D 1H–13C HMQC, HMBC, and 1H–1H NOESY
experiments. When this reaction was carried out in the presence of
(i-Pr)2NEt (DIPEA) (0.5 equiv) for 36 h followed by acidification
with HCl (5 equiv), pyrrolidone 2 was isolated by simple filtration
in 39% yield. In this case, the cycloaddition product 3 was obtained
in a yield of 14% from the aqueous layer by neutralization with
NaHCO3 and subsequent flash chromatography on silica gel
(Scheme 2).

Such an atypical property of this nonstabilized azomethine
ylide is clearly associated with its structure as well as that of the
activated alkene. The more nucleophilic center of the intermediate
ylide A (Scheme 3) located on the terminal carbon atom, and favor-
able electronic orientation of the interacting molecules in the tran-
sition state of the reaction is associated with unfavorable steric
interactions between the axial hydrogens and functional group of
the coumarin. Additionally, ylide A contains hydrogens at the a-
position which are able to eliminate with concomitant deactivation
of the cationic center and loss of the dipolar properties of the azo-
methine ylide. The combination of these factors prevents forma-
tion of the 1,3-dipolar cycloaddition product with structure 4.
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Instead, 1,4-nucleophilic addition to the activated double bond of
the coumarin took place.

Due to the presence of water in the medium, enamine C under-
went hydrolysis with regeneration of cyclohexanone. Next, the
amino group of intermediate D attacks the carboxylic group and
cyclization finishes the domino-process to give trans-substituted
pyrrolidone 2. This reaction represents a new approach to the syn-
thesis of a 2-pyrrolidone ring, and 4-aryl-2-pyrrolidones are partic-
ularly interesting due to their biological activity. For example,
commercial drugs such as phenotropil, cebaracetam, rolipram,
and lidanserin contain this moiety.10

It should be noted that after boiling for 24 h the ratio of pyrrol-
idone 2 to pyrrolidine 3 was 2.4:1, and after 48 h was 2.7:1 (Ta-
ble 1). It can be assumed that the formation of pyrrolidone 2 was
catalyzed by the presence of a base which had formed by 1,3-dipo-
lar cycloaddition and an intramolecular [1,4]-H shift in the azome-
thine ylide A (Scheme 3, side process). A threefold increase in the
concentration of the reagents improved slightly the yield of the de-
sired product and the rate of reaction increased (entry 3). Addition
of 0.5 equiv of DIPEA resulted in a further increase in the reaction
rate and the quantity of pyrrolidone 2 (entry 4). Based on these
data, we concluded that the preliminary intermolecular deproto-
nation of ylide A or deactivation of the ionic centers after reaction
with the coumarin is more likely than intramolecular 1,6- or 1,8-
migration of the proton in intermediate B.

The experiment with the addition of 0.5 equiv of cyclohexanone
led to the same ratio of products as with 1.0 equiv, but the reaction
rate decreased, according to amount of starting coumarin (entries 4
and 6). Heating of sarcosine and diethyl coumarin-3-phosphonate
without cyclohexanone led to no reaction, and therefore confirmed
its participation in the formation of product 2. Thus, it can be
assumed that cyclohexanone is the catalyst for this domino
reaction.

The 1H NMR spectrum of compound 2 contained characteristic
signals due to four protons of the pyrrolidone ring and shielded
Table 1
31P NMR spectroscopic analysis of the reaction products

Entry Conditions Solvent

1 1 equiv C6H10O PhMe
2 1 equiv C6H10O PhMe
3 Conc. increased threefold PhMe
4 0.5 equiv (i-Pr)2NEt, 1 equiv C6H10O PhMe
5 0.5 equiv (i-Pr)2NEt, 1 equiv C6H10O PhMe
6 0.5 equiv (i-Pr)2NEt, 0.5 equiv C6H10O PhMe
7 without C6H10O PhMe
8 1 equiv C6H10O s-BuOH
9 1 equiv C6H10O, 80 �C DMSO

10 1 equiv C6H10O, 120 �C DMSO
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Figure 1. Spectral data
aromatic protons of the phenolic fragment (Fig. 1). Due to the dif-
ferent spatial environments, the ethoxy hydrogens were not equiv-
alent and they had different chemical shifts and spin–spin
couplings according to the 1H NMR spectrum, as has been previ-
ously described for related structures.11 An interesting feature of
the structure of compound 2 is the presence of free phenolic hy-
droxy and phosphonate groups, which could in principle form a
cyclic phosphate, however under these conditions this does not oc-
cur. A 1H–13C HMQC experiment was performed to assign the sig-
nals of the 13C NMR spectrum and to provide additional
confirmation of the location of the protons. The regiochemistry
was confirmed by the 1H–13C HMBC experiment. Evidence for the
trans arrangement of the two substituents in pyrrolidone 2 was ob-
tained from the 1H–1H NOESY data, which showed clearly visible
differences between the intensities of the benzylic proton cross-
peaks with three vicinal neighbors.

To study the steric requirements and the scope of the process
we carried out reactions of cyclohexanone and sarcosine with ben-
zylidene malonate 5, 3-ethoxycarbonylcoumarin (6), and 3-ben-
zoylcoumarin (7) (Scheme 4). Substituted 4-aryl-2-pyrrolidones
were obtained in all reactions, but each case had its own peculiar-
ities. The reactions of diethyl benzylidene malonate (5) and 3-eth-
oxycarbonylcoumarin (6) were accompanied by nucleophilic
attack of dimethylamine on the carbonyl groups and led to the
pyrrolidones 8 and 9, respectively. Dimethylamine evolves as a re-
sult of a side process (Scheme 3) and is an active nucleophile to-
ward the carbonyls of the starting materials and intermediates. It
should be noted that in the case of the phosphonate 1, we did
not detect even a trace of phosphoramide in view of the much low-
er susceptibility of the phosphonate group to nucleophilic attack
by secondary amines. 3-Benzoylcoumarin (7) gave pyrrolidone 10
in equilibrium with its cyclic tautomer 100 (ratio 85:15).12

Along with the pyrrolidones 8–10, the adducts of 1,3-dipolar
cycloaddition 11–13 were obtained in each reaction in 7–17%
yields. Products 8–10 were isolated by column chromatography.
Time (h) Product ratio by 31P NMR

2 3 1

24 2.4 1 3.6
48 2.7 1 1.1
24 2.8 1 1.8
24 3.1 1 1.2
36 3.1 1 0.6
24 3.0 1 1.6
24 0 0 1
24 0 0 1

3 0 0 1
3 Complex mixture of products
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Their 1H NMR spectra resembled closely the spectrum of pyrroli-
done 2 and contained characteristic signals for the four protons
of the 2-pyrrolidone ring. Additionally, 13C, 1H–13C HMQC and
1H–1H NOESY NMR spectra were recorded for compounds 8–13.

Reactions of diethyl coumarin-3-phosphonate 1 and cyclohexa-
none with proline or glycine led to mixtures of more than five
products, according to 31P NMR spectroscopy. In the case of pro-
line, this may be explained by the formation of additional diaste-
reomers during the 1,3-dipolar cycloaddition and the presence of
protons at the a-position of the pyrroline ring; in the case of gly-
cine—a less stable N-protonated intermediate ylide. We conclude
that further efforts should be directed to develop a more effective
catalyst for this new reaction to increase the yield of the desired
pyrrolidones and the scope of the amino acids.

Thus, we have reported a novel domino reaction consisting of
two successive attacks of the methylaminomethyl anion species
from sarcosine (via its C- and N-centers) to an activated alkene
to give substituted pyrrolidones. The nucleophilic properties of
nonstabilized azomethine ylides have been described for the first
time, and continued studies are in progress.
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