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Abstract: A novel method for the synthesis of functionalized �-hy-
droxy acids and optically active tetronic acids is reported. The syn-
thesis is simple and the compounds are produced in good yields
(45–81%). Measurements of their optical rotations show that the re-
action proceeds without or with partial racemization of the starting
materials.
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The appreciable number of tetronic acids (Figure 1) found
in nature1 and the antibiotic activity displayed by many of
them2 has attracted the interest of many research groups
on the synthesis of this class of heterocyclic compounds.
For example, six homologues of sodium salt of 3-al-
kanoyl-5-hydroxymethyl tetronic acid have been isolated
from sponges and act as HIV-1 protease inhibitors.3 In ad-
dition, isolation of smenotronic acid4 and two new sester-
terpene tetronic acids5 from marine sponges have been
reported lately. Finally, carlosic, carlic6 and viridicatic
acid7 are well known as fungal metabolites and (+)-
blastomycinine8 as an antibiotic.

Figure 1

While there are a number of reliable methods for the con-
struction of tetronic acid derivatives, the development of
new methods, particularly one applicable to enantioselec-
tive synthesis, still presents a timely challenge. Several
methodologies include Dieckmann cyclization,2 cycload-
dition,9 oxidation,3 Wittig–Claisen,10 lactonization11a and
enzymatic reactions.11b Recently, the synthesis of 3-acyl-
5-methoxycarbonyl tetronic acids has been reported from
our laboratory.12

Also, we recently proposed a novel one-step methodology
for the synthesis of 3-substituted tetramic acids13 and
functionalized 4-amino-3-hydroxybutenoates.14 As a log-

ical extension of this chemistry we decided to investigate
the condensation reaction of N-hydroxybenzotriazole es-
ters of O-protected �-hydroxy acids and active methylene
compounds bearing appropriate substituents suitable for
preparing highly functionalized �-hydroxy esters and
tetronic acid derivatives with pharmacological interest. In
this paper we describe a general short-step methodology
for producing chiral 3-substituted tetronic acids via a C-
acylation reaction between the N-hydroxybenzotriazole
ester of an appropriate O-protected �-hydroxy acid and
the desired active methylene compound (Scheme 1).

The proposed strategy comprises a C-acylation reaction
between an active methylene compound 3 and the N-hy-
droxybenzotriazole ester of the appropriate O-protected
�-hydroxy acid 1. In cases where the main product of the
C-acylation reaction was the functionalized 4-acetoxy-3-
hydroxybutenoates 7–14, we have used these �-hydroxy
esters for the preparation of the corresponding chiral
tetronic acid derivatives 15, 16, 18–21 under acidic condi-
tions (MeOH, 10% HCl). The lactonization of the �-hy-
droxybutenoates proceeded without racemization. One
first remark in our proposed synthetic route is that only the
O-acetyl-glycolic acid 1a gave the corresponding tetronic
acids 4–6 via one-step reaction. In contrast, (S)-mandelic
acid 1b, �-hydroxyisobutyric acid 1c, L-�-hydroxyisova-
leric acid 1d and L-�-hydroxyisocaproic acid 1e gave the
corresponding �-acetoxy-�-hydroxybutenoates 7–14 as
oily products. These intermediates were treated with 10%
HCl in MeOH at room temperature for 24 or 48 hours to
afford the corresponding tetronic acids 15–21. An obvious
notice is that the presence of an electron donor group (Me,
i-Pr, i-butyl) at the stereogenic carbon atom instead of an
electron withdrawing (Ph) plays an important role in the
lactonization reaction. Nevertheless, the cyclization of
these intermediates 9–14 to the corresponding tetronic
acids 17–21 was achieved under the same reaction condi-
tions for 48 hours.15 Additionaly, the tetronic acids 15, 16,
18–21 have been found to be optically active as shown by
their optical rotations. This observation is in full accor-
dance with the results obtained in the synthesis of tetramic
acids13 and �-amino-�-cyano-�-hydroxybutenoates.14

The structures of the C-acylation compounds 9–14 and
tetronic acids 4–6 and 15–21 have been elucidated by
NMR and FT-IR Spectroscopy.16 One very interesting re-
mark on the 1H NMR spectra of the �-hydroxy acids 9–14
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is the signal at � = 4.65–4.85 ppm for the methine proton
(keto form B, Figure 2). This proton is not integrated as
one since the product is found as a mixture of the enolic A
and the keto form B.

Figure 2

The 1H and 13C NMR spectra of 3-alkanoyl tetronic acids
4, 5 and 15–21 show one set of signals in CDCl3. On the
other hand, two sets of signals can be observed in the 1H
and 13C NMR spectra of the 3-butanoyl tetronic acid 6 in
CDCl3, indicating the existence of the ‘external’ tau-
tomers CD and EF (Figure 3). In the 1H NMR spectrum,
the 5-methylene signal was split into two parts CD and
EF, indicating that the dominant form should be the
‘external’ tautomer CD with an intensity ratio of CD/
EF = 1/0.67, whereas for the equivalent NH-tetramic acid
the dominant form should be the ‘external’ tautomer EF.

The 13C NMR assignments of the 3-butanoyltetronic acid
6 are based on the off-resonance decoupling and the sig-
nals of the carbon atoms have been assigned by compari-
son with the established values of these carbon atoms
reported for the corresponding 3-acyl tetramic acid deriv-
atives.17,18

Figure 3

In conclusion, we have successfully synthesized a series
of functionalized �-hydroxy esters and chiral tetronic
acids using a short-step methodology. The reaction gives
high yields, proceeds without or with partial racemization
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15  R = Ph              R'=H            Y = OMe
16        Ph                   H                   OEt
17       Me                   Me                 OMe
18      (CH3)2CH          H                   OMe
19      (CH3)2CH          H                   OEt
20     (CH3)2CH2CH     H                   OMe
21      (CH3)2CHCH2    H                  OEt
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of the starting optically active materials and a short reac-
tion time is required in contrast to previous methodolo-
gies.11 Work currently in progress includes application of
the proposed methodology on the preparation of highly
functionalized tetronic acid derivatives with known bio-
logical activity. Also, the �-hydroxy esters may serve as
attractive potential intermediates for synthesizing more
complex biologically important molecules. Additionally,
the catalytic asymmetric hydrogenation reaction of the
functionalized �-hydroxy esters and tetronic acid deriva-
tives is under investigation.
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