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Abstract—A series of 13 5-hydroxy-5-trichloromethyl-4,5-dihydroisoxazoles have been synthesized in 78–96% yield by environ-
mentally benign microwave induced techniques involving the cyclocondensation of 4-alkoxy-1,1,1-trichloro-3-alken-2-ones
[CCl3C(O)C(R2)=C(R1)OR, where R2=H, alkyl; R1=H, alkyl, aryl and R=H, alkyl] with hydroxylamine using toluene as
solvent. The advantages obtained by the use of microwave irradiation in relation to a classical method were demonstrated. © 2002
Elsevier Science Ltd. All rights reserved.

Isoxazoles and their derivatives have been recognized as
highly useful in medicinal chemistry, in particular,
many trihalomethylated azoles are known to exhibit
important biological activities in medicinal and agricul-
tural scientific fields.1–3 The synthesis of isoxazoles
through route [3+2] uses, in general, derived of �-dike-
tones as block CCC, and the hydroxylamine as block
NO.4 In recent years, we have developed a general
synthesis of a large number of 1,1,1-trihalo-4-methoxy-
3-alken-2-ones,5,6 important halogen-containing build-
ing blocks, and demonstrated their usefulness in
heterocyclic preparations, e.g. isoxazoles,5,7,8 pyrazoles,9

pyrazolium chlorides,10 pyrrolidinones,11 pyrimidines,12

pyridines,13 thiazines14 and diazepines.15 Although most
research groups have published papers almost exclu-
sively with fluorinated derivatives16 of 1,1,1-trihalo-4-
methoxy-3-alken-2-ones, the possibility of the trans-
formation of the trichloromethyl group under mild
conditions8,17,18 into carboxylic groups prompted us
to devote special attention to these substrates. In
1986 Spiegler and Götz19 reported the first work which
showed the synthesis of 5-hydroxy-5-trichloromethyl-
4,5 - dihydroisoxazoles from the reaction of 4-ethoxy-

1,1,1-trichloro-3-buten-2-one (obtained in situ from
the trichloroacetylation of ethyl vinyl ether) with

hydroxylamine hydrochloride, in water at room
temperature, with a reaction time of 24 h. However,
this reaction was an isolated result using only one
substrate and did not demonstrate the real scope of
the reaction. Since 1991 the scope of this reaction
has been extended in our laboratory with the
publication of a series of papers about the synthesis
of 5-hydroxy-5-trichloromethyl-4,5-dihydroisoxazoles
using a classical method, where the 4-alkoxy-1,1,1-
trichloro-3-alken-2-ones reacted with a saturated
aqueous solution of hydroxylamine hydrochloride, in

Scheme 1.
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Table 1. Yieldsa and reaction conditions used for the microwave assisted synthesis of 2a–m

Microwave methodb Classical methodc Microwave methodb Classical methodc

Reaction Yield (%)Product Reaction Yield (%)Yield (%) Product Reaction ReactionYield (%)
time (min) time (h)time (h)time (min)

78 162a 786 2h 6 87 16 86
95 162b 826 2i 6 95 16 81
90 16 86 2j6 62c 85 16 80

62d 90 16 86 2k 6 90 16 90
62e 95 16 81 2l 6 82 16 87

91 16 79 2m6 62f 87 8 60
852g 166 80

a Yields of isolated products.
b Reaction conditions: toluene, pyridine, 80°C MW, 45 W.
c Reaction conditions: H2O, pyridine, 35–50°C.
[2a, 2b, 2m; Refs. 5a and 7a]; methanol, HCl, reflux, [2k, 2l; Ref. 7c and for 2c–j].

water/pyridine at 35–70°C, with a range of reaction
times between 8 and 16 h.5a,7a,7c

Considering that microwave irradiation (MW) using
commercial domestic ovens has been recently used to
accelerate organic reactions, the high heating efficiency
giving remarkable rate enhancement and dramatic
reduction in reaction times,20 the aim of this work is to
demonstrate the advantages obtained by the use of
microwave irradiation in the synthesis of 5-hydroxy-5-
trichloromethyl-4,5-dihydroisoxazoles 2a–m (Scheme 1)
using the same precursors of the classical method.

The 4-methoxy-1,1,1-trihalo-3-alken-2-ones 1a–m were
synthesized from the reaction of the respective enol
ether or acetal with trichloroacetyl chloride.5,6

The syntheses of 2a–m were carried out from the cyclo-
condensation reaction of 1a–m with hydroxylamine
hydrochloride in a molar ratio of 1:1.2, respectively, in
a mixture of toluene and pyridine (1:1) and subjected to
microwave irradiation for 6 min at the temperature
�80°C. Table 1 shows the reaction conditions, reaction
times and yields used to obtain compounds 2a–m by
microwave and classical methods.

The present new method of the formation of 5-
hydroxy-5-trichloromethyl-4,5-dihydroisoxazoles 2a–m
under microwave irradiation offers several advantages:
faster reaction rates, fewer byproducts, high yields, less
expensive equipment, while the classical method of for-
mation of 4,5-dihydroisoxazoles involves a long tedious
process (ca. 16 h). In Table 1 it is possible to observe
that the average yields of products obtained by the
microwave method are ca. 10% higher than those
obtained by the classical method. The reaction time of
the microwave method is the main ‘goal’ of this method
in relation to other methods, where the average time
ratio between two methods is 1:160 (!).

Unless otherwise indicated, all common reagents and
solvents were used as obtained from commercial sup-
plies without further purifications. The melting points
were taken on a melting point microscope Reichert–

Thermovar and are uncorrected. 1H and 13C NMR
spectra were recorded on a Bruker DPX 400 (1H at
400.13 MHz and 13C at 100.62 MHz) in 5 mm sample
tubes at 298 K (digital resolution ±0.01 ppm) in CDCl3/
TMS solutions. The CH elemental analyses were per-
formed on an Elemental Analysensysteme Vario EL.
Microwave irradiations were conducted in a Panasonic
M720 at a frequency of 2450 MHz, with an energy in
the sample21 of 45 W and temperature �80°C. The
selected physical and spectral data for 2a–m are pre-
sented in Ref. 22.

Synthesis of 5-hydroxy-5-trichloromethyl-4,5-dihydro
isoxazoles 2a–k : (microwave method): A mixture of 1
(10 mmol), hydroxylamine hydrochloride (0.84 g, 12
mmol), pyridine (5 mL) and toluene (5 mL) was stirred
for a few minutes, then the mixture was irradiated in a
microwave oven at 45 W for 6 min, time sufficient to
complete the reaction. To the reaction mixture was
added a 10% HCl solution (30 mL) and the product
was extracted with chloroform (2×20 mL), washed with
distilled water (2×30 mL) and dried with MgSO4. The
solvent was removed in a rotavapor and the product
was obtained in high purity. When necessary the
product was recrystallized from cyclohexane.

Synthesis of 5-hydroxy-5-trichloromethyl-4,5-dihydro
isoxazoles 2a–k : (classical method):7c A solution of 1
(10 mmol), NH2OH·HCl (0.84 g, 12 mmol), concen-
trated hydrochloric acid (20.2 mmol), in methanol (30
mL) was stirred under reflux for 16 h. The work-up was
carried out as described for the microwave method.
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(C-5), 102.7 (C-6), 47.1 (C-4); anal. calcd C, 31.00; H, 3.47;
found: C, 30.72; H, 3.44%. 2d: C7H10Cl3NO2, mw 246.51,
mp 140–141°C; 1H NMR � (J, Hz) 3.70 (d, 1H, J=18.8,
Ha-4), 3.23 (d, 1H, J=18.8, Hb-4); 13C NMR � 160.5
(C-3), 111.6 (C-5), 102.7 (C-6), 47.2 (C-4); anal. calcd C,
34.11; H, 4.09; found: C, 33.93; H, 4.06%. 2e:
C7H10Cl3NO2, mw 246.51, mp 139–140°C; 1H NMR � (J,
Hz) 3.69 (d, 1H, J=18.8, Ha-4), 3.28 (d, 1H, J=18.8,
Hb-4); 13C NMR � 164.7 (C-3), 111.6 (C-5), 102.8 (C-6),
45.3 (C-4); anal. calcd C, 34.11; H, 4.09, found: C, 33.98;
H, 4.07%. 2f: C7H8Cl3NO2, mw 244.50, mp 164–165°C; 1H
NMR � (J, Hz) 3.55 (d, 1H, J=18.8, Ha-4), 3.07 (d, 1H,
J=18.8, Hb-4); 13C NMR � 162.5 (C-3), 111.6 (C-5), 102.7
(C-6), 45.4 (C-4); anal. calcd C, 34.39; H, 3.30; found: C,
34.16; H, 3.27%. 2g: C8H12Cl3NO2, mw 260.54, mp 115°C;
1H NMR � (J, Hz) 3.71 (d, 1H, J=18.8, Ha-4), 3.23 (d,
1H, J=18.8, Hb-4); 13C NMR � 160.7 (C-3), 111.6 (C-5),
102.7 (C-6), 45.4 (C-4); anal. calcd C, 36.88; H, 4.64; found:
C, 39.69; H, 4.62%. 2h: C8H12Cl3NO2, mw 260.54, mp
152–154°C; 1H NMR � (J, Hz) 3.69 (d, 1H, J=18.7, Ha-4),
3.22 (d, 1H, J=18.7, Hb-4); 13C NMR � 160.0 (C-3), 111.6
(C-5), 102.8 (C-6), 47.2 (C-4); anal. calcd C, 36.88; H, 4.64;

found: C, 36.71; H, 4.60%. 2i: C8H12Cl3NO2, mw 260.54,
mp 170–171°C; 1H NMR � (J, Hz) 3.73 (d, 1H, J=18.6,
Ha-4), 3.30 (d, 1H, J=18.6, Hb-4); 13C NMR � 166.9
(C-3), 111.6 (C-5), 102.4 (C-6), 44.4 (C-4); anal. calcd C,
36.88; H, 4.64; found: C, 36.55; H, 4.58%. 2j:
C10H16Cl3NO2, mw 288.59, mp 86–87°C; 1H NMR � (J,
Hz) 3.69 (d, 1H, J=18.6, Ha-4), 3.30 (d, 1H, J=18.6,
Hb-4); 13C NMR � 160.7 (C-3), 111.6 (C-5), 102.8 (C-6),
47.4 (C-4); anal. calcd C, 41.62; H, 5.59; found: C, 41.46;
H, 5.53%. 2k, C10H8Cl3NO2, mw 280.53, mp 156°C, lit.;7c

1H NMR � (J, Hz) 4.16 (d, 1H, J=18.8, Ha-4), 3.73 (d,
1H, J=18.8, Hb-4); 13C NMR � 157.3 (C-3), 112.8 (C-5),
102.5 (C-6), 45.3 (C-4); anal. calcd C, 42.82; H, 2.87; found:
C, 42.59; H, 2.85%. 2l, C10H7Cl3N2O4, mw 325.52, mp
198°C, lit.;7c 1H NMR � (J, Hz) 4.28 (d, 1H, J=18.8,
Ha-4), 3.83 (d, 1H, J=18.8, Hb-4); 13C NMR � 157.1
(C-3), 113.5 (C-5), 102.0 (C-6), 45.4 (C-4); anal. calcd C,
36.90; H, 2.17; found: C, 36.76; H, 2.14%. 2m:
C8H10Cl3NO2, mw 258.52, mp 148–151°C, lit.;7a 1H NMR
� (J, Hz) 3.53 (m, 1H, H-4); 13C NMR � 161.6 (C-3), 110.2
(C-5), 103.5 (C-6), 53.5 (C-4); anal. calcd C, 37.17; H, 3.90;
found: C, 39.91; H, 3.86%.
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