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a b s t r a c t

The convenient regioselective scalable synthesis of 3,4-diaryl-5-carboxy-4,5-dihydroisoxazole 2-oxides
was developed based on a condensation of simple starting materials (arylbenzaldehydes, arylnitro-
methanes, and ethoxycarbonylmethylpyridinium bromide) under mild conditions. The obtained syn-
thons can be applied for the synthesis of 3,4-diarylisoxazole derivatives capable of suppressing
malignant growth.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Isoxazoles and isoxazolines exhibit a broad range of biological
effects, including antiviral,1 anti-inflammatory,2,3 and anticancer
activities.4e8

o-Diarylazoles can be considered as cis-restricted analogues of
combretastatin A-4 (CA4, Fig. 1), a highly potent natural cytostatic
originally isolated from the bark of African willow tree Combretum
caffrum.9 To avoid cis-trans isomerization that causes activity
decrease, diverse N-containing rings have been introduced to
replace the ethene linker, resulting in compounds with anti-
proliferative antitubulin effects comparable with those of CA4.10

Among them, 5-unsubstituted diaryl-o-isoxazole A (Fig. 1) effec-
tively inhibited both cancer cell growth and in vitro tubulin poly-
merization.5,7 Polyoxygenated 3,4-diarylisoxazoles with 5-
carboxamide groups (e.g., B, Fig. 1) were reported to inhibit
Hsp90, a chaperone protein that assists folding of various proteins
including those implicated in malignancy.8

Several synthetic strategies for diarylisoxazolines and

diarylisoxazoles have been reported. Due to the challenges in
regioselective functionalization, currently available synthetic
routes for 3,4-diarylisoxazoline N-oxides as well as for 3,4-
diarylisoxazoles are rather scarce. The known methods require
expensive and commercially inaccessible reagents and catalysts,
give low yields, and are practically not scalable.11 Considering the
literature evidence, the present study was aimed to the develop-
ment of an efficient, inexpensive, and scalable procedure for
regioselective synthesis of 3,4-diaryl-isoxazoline N-oxides 5-
carboxylates (C, Fig. 1) from available materials under mild condi-
tions. The ability of isoxazolines to rearrange readily to the
respective isoxazoles12e14 allows for their further use in the prep-
aration of molecules with potential anticancer activity.

2. Results and discussion

Recently it was shown that arylmethylidene nitro acetic esters 1
reacted with ethoxycarbonyl methylpyridinium bromide 2 in the
presence of Et3N to afford 4-aryl-isoxazole-3,5-dicarboxylates 3 in
high yields (Scheme 1).15

A reproduction of this reaction using 3-(3,4,5-
trimethoxyphenyl)-2-nitropropene derivative of 1 showed a for-
mation of intermediate isoxazoline oxide 4a (Scheme 2). Notably,
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isoxazole 3a was the only product at the reaction temperature of
20e60 �C, whereas at 10 �C both 3a and 4a were found in the re-
action mixture. Isoxazoline N-oxide 4a was separated, and its
structure was confirmed by 1H-NMR-, MS-, and X-ray analyses
(Fig. 2). This result led to a proposal that 3,4-diaryl-5-
ethoxycarbonyl-4,5-dihydroisoxazole 2-oxides 8 could be ob-
tained selectively by the reaction of diarylnitrostilbenes 7 with
pyridinium salt 2. Corresponding starting nitrostilbenes 7aej were
easily synthesized by condensation of phenylnitromethanes 5 with
aldehydes 6.16,17 Isoxazolines 8aej were formed as single products
under the mild conditions at different temperatures and reaction
times: 20 �C, 100e200 h, or 60 �C, 4e5 h. Importantly, the starting
pyridinium bromide 2 and nitrostilbenes 7 can be readily obtained
in an amount of 10e20 g, affording isoxazolines 8 in multi-gram
scale. The structures of 8 were proved by 1H-, 13C-NMR-, and MS-
analyses.

The rearrangement of 3,4-diarylisoxazoline oxides to isoxazoles
is well documented in the literature.12e14 As an example, we
selected a procedure in water solution of 2% NaOH at room tem-
perature12 for the rearrangement of 8a (Scheme 3).

4-(4-Chlorophenyl)-5-(ethoxycarbonyl)-3-(4-methoxyphenyl)-
4,5-dihydroisoxazole 2-oxide (8a) was quantitatively hydrolysed to
the corresponding 3,4-diaryl-4,5-dihydroisoxazole 2-oxide (9a) in
acidic medium. Then 9a was rearranged in alkaline medium with

simultaneous decarboxylation directly to unsubstituted isoxazole
10a at 20 �C (200 h) or 60 �C (6 h). 10a was easily separated in
alkaline media in good yield over two steps (67%).

Isoxazoline N-oxide 4awas characterized by single-crystal X-ray
diffraction study. The structure is shown in Fig. 2 along with the
atomic numbering schemes. The geometrical parameters for 4a are
available in the Supplementary Data. The central isoxazoline ring
adopted an envelope conformation, with the C5 carbon atom
deviating from the mean plane passed through the other atoms of
the ring by 0.222(2) Å. The 4-phenyl and 5-ethoxy carbonyl sub-
stituents were located in gauche (trans) configuration
(�127.86(10)�). Thus, the crystal of 4a consisted of enantiomeric
pairs with the (4RS,5RS)-relative configuration of the asymmetric
centers. The 3-carboxylate fragment lay within the basal plane of
the isoxazoline ring (the dihedral angle is 4.16(7)�). The ethoxy
group of the 3-carboxylate substituent had gauche conformation
relative to the carbonyl group (the C6eO4eC7eC8 torsion angle
is �78.47(14)�), while the ethoxy group of the 5-carboxylate sub-
stituent was trans arranged to the carbonyl group (the
C18eO9eC19eC20 torsion angle is 174.99(10)�). The 3- and 5-
methoxy groups in 4-(3,4,5-trimethoxyphenyl) substituent were
coplanar to the plane of the benzene ring (the C10eC11eO5eC15
and C14eC13eO7eC17 torsion angles are �3.31(17) and 0.23(17)�,
respectively), whereas the 4-methoxy group in 4-(3,4,5-

Fig. 1. Chemical route to anticancer combretastatin A-4 (CA4) analogs with 3,4-diarylisoxazole fragments. A Inhibitor of tubulin polymerization. B Hsp90 inhibitor.

Scheme 1. Synthesis of diethyl 4-(aryl)isoxazole-3,5-dicarboxylates 3.
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