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ABSTRACT

A simple, asymmetric synthesis of tetramic acid derivatives is described in this paper. The key step is a carbonyl transfer from carbonyldiimidazole
(CDI) to r-diimines (I) to form N-alkyl-4-alkylamino-5-methylenepyrrol-2-ones (II). In turn, these compounds can be easily transformed into
tetramic acid derivatives (III) in two additional steps.

CDI has been widely used in organic synthesis as a transfer
reagent of both the imidazole ring and the carbonyl group.1

One of the most frequent applications of CDI is as carbo-
nylating agent in processes that imply formation of two
carbon-heteroatom bonds.2 In contrast, CDI has been used
much less frequently in the formation of one or two carbon-
carbon bonds. To the best of our knowledge, only four
examples have been reported related to such processes.3 In
the most recent case,3d our research group was able to prepare
â-enamino esters and thioesters through the reaction of
ketimines with CDI, followed by reaction with an alkoxide.
In this paper, we are reporting a novel carbonyl transfer from

CDI to R-diimines that constitutes the key step for a synthesis
of tetramic acid derivatives.

A number of natural products with a wide range of
biological activities, which include antiviral, antitumoral,
antibiotic, and antimicrobial activities, include the core
structure of tetramic acid (1, pyrrolidin-2,4-dione). Some
examples of these substances are tirandamycine (2), disidine
(3), and magnesidine (4).4

Natural products that derive from tetramic acid and include
an acyl group on C-3 are called 3-acyltetramic acids. Their
biological activity is essentially due to the presence of the
pyrrolidin-2,4-dione ring, the carbonyl group on C-3, and
the stereocenter on C-5, together with the ability to form
complexes with metallic ions.5
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A variety of procedures using either standard solution4 or
solid-phase6 chemistry have been used to prepare optically
pure tetramic acid derivatives. In all of them a chiralR-amino
acid source is a useful precursor to induce asymmetry.

Our synthesis of the tetramic acid derivatives begins with
the double condensation of a primary amine (5) with
butanedione (6) in dichloromethane at room temperature, in
the presence of 98% formic acid and 4 Å molecular sieves.7

After 7 days, the correspondingR-diimines7 were obtained
in 47-56% yield (Scheme 1).

The second step consists of a carbonyl transfer fromN,N′-
carbonyldiimidazole (CDI) (2.0 equiv) in the presence of
BF3‚OEt2 (2,0 equiv)3d to the diimines7a-d (1.0 equiv) to
give the cyclic derivatives8a-d in moderate yields (Scheme
1 and Table 1).

The achiral compound8awas obtained in 40% yield (entry
1, Table 1). However, we were mainly interested in exploring
the possibility of an asymmetric synthesis through chiral
induction of the R group in the subsequent steps. For that
reason, a chiral substituent was also introduced (entries 2-4,
Table 1) in compounds7b-d to yield8b-d. The formation
of the condensation compounds8 might be rationalized

either through the formation of a C-C bond or a C-N bond
as a first step. Although the acyclic intermediate has never
been isolated, the results obtained in related reactions3d,8

seem to point to the first hypothesis, as represented in
Scheme 2.

The preparation of the desired tetramic acid derivatives
implies two steps: reduction of the exocyclic double bond
and hydrolysis of theN-protected enamine to a carbonyl
group. In principle, either of these two reactions could be
done first. However, hydrolysis of the derivatives8a-d in
aqueous acidic conditions yielded complex reaction mixtures,
from which isolation of the desired products was not possible.
In contrast, the alternative route (reduction followed by
hydrolysis) was successful. Thus, catalytic hydrogenation of
compounds8a-d in MeOH solution under atmospheric
pressure with hydrogen and 10% Pd/C as catalyst at room
temperature gave derivatives9a-d in good yields (Scheme
3 and Table 2).

While for compound8a a single product was obtained
(9a), in the case of8b-d a mixture of diastereomers resulted
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Scheme 1

Table 1. Results for the Reaction betweenR-Diimines 7 and
CDI

entry R-diimine R product yield (%)a

1 7a c-C6H11 8a 40
2 7b (()-sec-Bu 8b 58
3 7c R-(+)-C6H5(Me)CH 8c 47
4 7d S-(-)-C6H5(Me)CH 8d 51

a Isolated yields.

Scheme 2

Scheme 3
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(Table 2). As expected, thesec-butyl group in compound
8b did not cause a significant asymmetric induction (only
16% d.e.). However, in enantiomers8c and8d, where R is
the phenylethyl group in configurationsRandS, respectively,
the asymmetric induction worked well, yielding the mixture
of diastereomers9cr + 9câ, and9dr + 9dâ with diaster-
eomeric ratios of ca. 80%. The corresponding diastereomers
were easily separated by means of column chromatography,
and their structures secured through extensive spectroscopic
analysis and X-ray crystallographic analysis of compound
9câ. As a result, the absolute configuration of9câ was shown
to be (R,R,R)9 (Figure 1).

Finally, the preparation of compound10dr was achieved
by means of treatment of a solution of compound9dr in
diethyl ether10 with aqueous 6 N H2SO4 at room temperature
for 7 h. This procedure gave enantiomerically pure tetramic
acid 10dr in 90% yield (Scheme 4). This method would
also allow the preparation of the enantiomer of this com-

pound by simply using9câ instead of 9dr as starting
material for this reaction.

Aside from their own interest, chiralN-protected tetramic
acid derivatives are important precursors ofâ-hydroxy-γ-
amino acids, which in turn constitute useful building blocks
in the synthesis of different classes of biologically active
molecules.11 Thus, compound11d was easily prepared in
78% yield and diastereomeric excess of>95% (Scheme 5)

when a CH2Cl2:AcOH (9:1) solution of10dr was treated
with 2.0 equiv of NaBH4 at 0°C for 1.5 h. The structure of
11dwas ascertained by means of spectroscopic analysis and
agreed with the results of NOE experiments. These results
coincided with others previously reported for the reduction
of chiral tetramic acid derivatives.11a

In summary, we have presented a simple, asymmetric
synthesis of tetramic acid derivatives that can easily furnish
both enantiomers in only four steps from easily available,
inexpensive materials and in which the key step is a carbonyl
transfer from CDI to anR-ketodiimine.
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Table 2. Results for the Reduction of Compounds8

entry R product d.r. (R/â) yielda (%)

1 c-C6H11 9a 84
2 (()-sec-Bu 9b 16 (58:42)b 86
3 R-(+)-C6H5(Me)CH 9c 76 (12:88)b 84 (60)c

4 S-(-)-C6H5(Me)CH 9d 80 (90:10)b 98 (60)c

a Yield for the purified product or diastereomeric mixture.b Diastereo-
meric ratio as determined through1H NMR of the reaction crude.
c The yield of the major reaction product after purification appears in
parentheses.

Figure 1. Thermal ellipsoid plot of (R,R,R)-9câ.

Scheme 4

Scheme 5
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