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Letters
Microwave-accelerated Claisen rearrangements of allyl
tetronates and tetramates
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Abstract—[3,3]-Sigmatropic rearrangements of allyl tetronates and allyl tetramates to give 3-allyltetronic or -tetramic acids,
respectively, proceed within 20–60min under microwave irradiation (300W, 130–190 �C). Consecutive (homo)sigmatropic [1,5] H-
shifts such as oxa-ene reactions are promoted less effectively, which allows the isolation of Claisen intermediates of sigmatropic
domino sequences, in contrast to conventional heating.
� 2003 Elsevier Ltd. All rights reserved.
Functionalized 3-alkyltetronic acids 4, which are of
medical interest as potential antibiotic, antiviral and
antineoplastic agents,1 have been recently obtained from
a thermal domino Claisen/Conia/ring-opening reaction
of the corresponding allyl tetronates 1.2 These, in turn,
were readily available from a domino addition/intra-
molecular Wittig alkenation between the corresponding
a-hydroxy allyl esters and the phosphorus ylide
Ph3P@C@C@O.3 By proper choice of conditions either
the Claisen products 2 or the oxa-ene (Conia) rear-
ranged products, the 3-(spirocyclopropyl)dihydrofuran-
2,4-diones 3, were formed as main products in cases
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where the allyl tetronates 1 bore an alkyl or a phenyl
residue R3 (Scheme 1). Herein we report on the
dramatically shortened reaction times required for the
formation of 2 under microwave irradiation4 conditions
and on the synthesis of analogous Claisen products from
allyl tetronates bearing chloroaryl residues R3, which is
impossible under classical thermal conditions.

The conventional thermal synthesis of 2 (alongside some
follow-up Conia product 3) from the tetronates 1 in
refluxing acetonitrile normally requires long reaction
times, typically 24–48 h. A selective synthesis of 3 could
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Table 1. Thermal versus microwave syntheses5 of tetronic acids 2 and spirocyclopropyl furandiones 3

Starting compound Yields 2:3 (%) from the thermal

reaction in CH3CN

Yields 2:3 (%) from the microwave

reaction in CH3CN

Yields 2:3 (%) from the thermal

reaction in toluene/sealed tube

1a 0:0a 42:58b 0:64c

1b 0:0a 55:45b 0:63c

1c 0:0a 43:52b 0:89c

1d 56:8d 44:16b 0:68e

1e 32:0d 26:37b 0:42f

1f 42:12d 61:16g 0:70e

a CH3CN, reflux, 84 h.
b CH3CN, 300W microwave, 150 �C, 1 h.
c Toluene, 160 �C, 48 h, sealed tube.
d CH3CN, reflux, 48 h.
e Toluene, 170 �C, 35 h, sealed tube.
f Toluene, 180 �C, 48 h, sealed tube.
g CH3CN, 300W microwave, 130 �C, 1 h.
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be achieved by heating solutions of 1 in toluene in a
sealed glass tube at 160–190 �C for 24–48 h.2c

While tetronates 1a–c with an o-, m-, or p-chlorophenyl
substituent R3 could be converted into the correspond-
ing 1-(chlorophenyl)-2-methyl-11-oxadispiro[2.1.5.2]do-
deca-4,12-diones 3 under these conditions, the
corresponding tetronic acids 2 were not accessible by
refluxing in acetonitrile. Even prolonged reaction times
(up to 84 h) still resulted in 100% of the starting tetro-
nate being recovered from the reaction mixture. How-
ever, heating of acetonitrile solutions of these tetronates
in a sealed vessel placed in a 300W focused single-mode
microwave reactor (CEM) at 150 �C for 1 h gave easily
separable mixtures of compounds 2 and 3 in almost
quantitative yields (Table 1). Although allyl tetronates
containing a nitrophenyl group can be rearranged to
tetronic acids 2 by conventional heating in acetonitrile,
we found that microwave irradiation gave similar yields
in much shorter time with less solvent being required.
Only for the preparation of pure tetronic acid 2e was the
thermal process superior to the microwave protocol.
Difficulties were encountered with the o-nitrophenyl
derivative both under conventional thermal and micro-
wave conditions, which led to complicated mixtures of
inseparable products. In general, microwave irradiation
represents a highly efficient means for the Claisen rear-
rangement of differently substituted allyl tetronates. It
reduces reaction times from days to a single hour while
at the same time increasing the overall yields consider-
ably.

3-Substituted tetramic acids, possessing an even greater
biological potential6 than tetronic acids, were obtained
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Scheme 2. [3s,3s]-Claisen and Claisen–Conia reactions of allyl tetramate 5a.
accordingly by microwave-accelerated Claisen rear-
rangement of the corresponding allyl tetramates. For
instance, the simple derivative 5a, synthesized from
ketenylidenetriphenylphosphorane and allyl a-amino-
cyclohexylcarboxylate,3 furnished the tetramic acid 6a in
90% yield and virtually devoid of by-products and of
spirolactam 7a, when irradiated at 110 �C for only
25min (Scheme 2). Shorter exposure to microwaves at
higher temperatures gave rise to mixtures of 6a and 7a,
whereas conventional heating in acetonitrile gave poor
yields of 6a (at reflux) or again mixtures of Claisen and
Conia products (in the bomb tube).7

Tetronic acids 4 (with R3 ¼H, alkyl, Ph) have been
synthesized earlier by nucleophilic cleavage of the
cyclopropane ring of 3-(spirocyclopropyl)-dihydro-
furan-2,4-diones 3 with alcohols, amines, thiols and
carbon nucleophiles, in some cases as the final step of an
extended one-pot domino reaction starting with
tetronates 1.2a Derivatives of 3 bearing strongly elec-
tron-withdrawing aryl substituents X are markedly less
reactive. For instance, the nitrophenyl-substi-
tuted 3-(spirocyclopropyl)dihydrofuran-2,4-diones 3d–e
proved inert to refluxing methanol/chloroform and
could only be converted to tetronic acids 4 by initial
treatment with 1 equiv of HBF4

�Et2O to increase the
electrophilicity of the cyclopropyl ring by protonation of
the keto oxygen and finally with methanol (Scheme 3).8

Allyl tetronates with a trisalkylsubstituted alkene moiety
such as 8 undergo a formal [2,3]-sigmatropic rear-
rangement under thermal conditions2a leading to 3-alk-
ylidenefurandiones such as 10 as the end products of a
Claisen/Conia/retro-Conia cascade inevitably termi-
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nated by two H-shift steps. Carrying out the reaction
under microwave irradiation not only cut down the
required reaction times from 42 h to 20min but also
gave rise exclusively to the [2,3]-rearranged 3-allyl-
tetronic acids 9 (Scheme 4).9

In conclusion, we have demonstrated that microwave
irradiation is a valuable tool for speeding up the Claisen
rearrangement of allyl tetramates and tetronates, with a
lesser effect on other consecutive sigmatropic processes
such as oxa-ene and H-shift reactions. Contrary to
conventional thermal processing, this allows for the
isolation of Claisen intermediates from cascade
sequences in most cases.
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9. Typical procedure for the [2,3]-sigmatropic rearrangement
of allyl tetronates 8: a tightly sealed vial charged with a
solution of 8b (500mg, 2.12mmol) in dry toluene (6mL)
was placed in a CEM Discovere single-mode microwave
synthesizer and irradiated at 190 �C and 3.5 bar for 20min.
The resulting mixture was left overnight in a refrigerator
for crystallization of product 9b. Colorless crystals
(290mg, 58%) were obtained after washing the crude
three times with toluene; mp 132 �C; mmax (KBr)/cm�1

3413, 3072, 2937, 1702, 1643, 1384; 1H NMR (300MHz,
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Accurate mass m=z (EI): calculated 236.14123; found
236.14156.
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