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Abstract—The expected Michael adducts and spiroisoxazolines are obtained from the reaction between 3-methyl-4-nitro-5-
styrylisoxazole and bis-enolisable ketones. Contrary to reported data, Michael adducts are obtained in good yields only when a
substoichiometric amount of base is used, whereas spiroisoxazolines were obtained as the major product when the base is present
in a large excess. © 2002 Elsevier Science Ltd. All rights reserved.

Heterocycles are widely utilised compounds in both
pharmaceutical and agricultural fields,1 consequently
the development of methodologies useful for the assem-
bly of molecules containing heterocyclic templates con-
tinues to attract the attention of both the academic and
industrial communities. Among aromatic heterocycles,
the isoxazole unit constitutes an easily accessible
nucleus that is present in a number of natural and
pharmacological compounds.2

3-Methyl-4-nitro-5-styrylisoxazole 1 (Fig. 1) represents
a versatile building block bearing a number of different
functionalities, which can be selectively reacted to gen-
erate molecularly diverse products, and several reports
have appeared describing the reactivity of isoxazole
1.3–7 Basic hydrolysis followed by acidification yielded
cinnamic acid 2 (Scheme 1); thus the 3-methyl-4-

nitroisoxazol-5-yl group may be considered to be a
masked carboxylic acid function.3 Isoxazole 1 also
proved to be an excellent photoreactive substrate,
affording the symmetric cyclobutane 3 when irradiated
in the solid state (s.s.), whereas additional dimers are
also formed in benzene solution (sol.).4

The high reactivity produced in 1 by the conjugated
nitro group renders the styryl moiety susceptible to
attack by suitable soft nucleophiles. Rao et al. have
reported the Michael addition of acetylacetone (acac)5

or ethyl acetoacetate (eac)6 to 1 with triethylamine as
the solvent. Considering that it is possible to run the
Knoevenagel condensation and Michael conjugate
addition in a domino fashion,7 we envisaged the possi-
bility of building libraries of potentially useful heterocy-
cles using four components in a one-pot assembly
procedure (Scheme 2).

In order to investigate this multicomponent procedure
we first decided to repeat the reaction between isoxa-
zole 1 and acetylacetone, following the procedure
reported by Rao et al. In a first report,5 the authors
state that, under these conditions, a product with the
Michael adduct structure 4 (Scheme 1) having mp
170°C was obtained. In a second study the same com-
pound was reported to have a different melting point
(155°C).8

In our hands the reaction of isoxazole 1 with acetylace-
tone in triethylamine yielded a solid (A)9 which, after

Figure 1.
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Scheme 1.

group near 1600 cm−1 was again absent. On the basis of
this data the structure assigned to solid B was that of 8-
acetyl-3-methyl-4-nitro-9-phenyl-1-oxa-2-aza-spiro-
[4.5]dec-2-en-7-one 14.10

However, when isoxazole 1 was reacted with acetylace-
tone and a substoichiometric amount of piperidine in
ethanol, a new compound (C)12 was obtained, with mp
121–122°C. Elemental analysis again confirmed this
product to be a 1:1 adduct between isoxazole 1 and
acetylacetone, but in this case the 1H NMR and 13C
NMR spectra indicated the presence of three non-
equivalent methyl groups and the IR showed the pres-
ence of the 4-nitroisoxazole group.12 The structure of
solid C was therefore assigned as the expected Michael
adduct 4, and this was confirmed by X-ray crystallo-
graphic analysis.

A mechanistic rationale for the formation of products
4, 13, and 14 can be proposed (Scheme 3): initial
Michael addition of acetylacetone to 1 gives the

Scheme 2.

Figure 2.
crystallisation from ethanol, showed mp 155°C. Treat-
ment of solid A with dilute acid gave a solid compound
(B) which after crystallisation from ethanol showed mp
170–171°C (B).10

Elemental analysis for solid A was in agreement with
the empirical formula C23H33N3O5. The 1H NMR spec-
trum indicated the presence of two non-equivalent
methyl groups, and in the IR spectrum the diagnostic
absorption expected for the 4-nitroisoxazole group (ca.
1600 cm−1) was absent. Based on the chemical
behaviour and spectroscopic data,9 the structure
assigned to solid A was that of 8-acetyl-9-phenyl-3-
methyl-7-oxo-1-oxa-2-azaspiro[4.5]dec-2-ene-4-nitro-
nate triethylammonium salt 13 (Fig. 2). X-Ray crys-
tallographic analysis confirmed the structure 13 for
solid A and allowed the determination of the relative
configurations of the three stereocentres.11

The mass spectrum of solid B showed a signal at m/z
330, as expected for a 1:1 adduct between isoxazole 1
and acetylacetone, elemental analysis confirmed the
empirical formula of this compound to be C17H18N2O5.
The 1H NMR and 13C NMR spectra indicated the
presence of two methyl groups while in the IR spectrum
the absorption characteristic of the 4-nitroisoxazole Scheme 3.



N
O

NO2

Ph

R

O
M or N

N O O

R
Ph

H
NO2

N
O

NO2

O

Ph

R

17

1

16+

R=  COCH3, COOEt, H

M. F. A. Adamo et al. / Tetrahedron Letters 43 (2002) 4157–4160 4159

expected adduct 4 which, in the presence of a large
excess of base (triethylamine) is enolised to give inter-
mediate 15, which subsequently cyclises to yield the
stable spiroisoxazoline nitronate 13. Treatment of
nitronate 13 with dilute acid then gives isoxazoline 14.
Evidence for this proposal includes the fact that when a
sample of pure Michael adduct 4 was treated with
triethylamine, nitronate 13 was formed in 76% yield.

Ethyl acetoacetate and acetone behave similarly yield-
ing 16 and 17 (Scheme 4) in different yields depending
on the experimental conditions (Table 1).

The results indicate that the reaction of alkene 1 with
bis enolisable ketones preferentially leads to Michael
adducts 16 when the base is present in a substoichio-
metric amount (Table 1, entries 1, 3 and 5), while
spiroisoxazolines 17 are obtained in moderate to good
yields in the presence of a large excess of base (Table 1,
entries 2, 4 and 6).

It is noteworthy that in compound 13 three chiral
centres are introduced in a single step with a high
degree of stereoselectivity; indeed only one racemate
out of four possibilities was formed. This remarkable
feature is probably related to the relative thermody-
namic stability of spirocycle 13, in which the phenyl
and the acetyl group both occupy equatorial positions
in the six-membered ring. In addition, molecular mod-

elling energy calculations suggest that the nitronate
group is orientated in the less hindered position.13

Considering that isoxazolines are versatile synthetic
precursors14 and that spiroisoxazolines themselves dis-
play interesting biological properties, including herbici-
dal, plant hormonal and antitumoural activity,15 the
easy and stereocontrolled access to multi-functionalised
spiroisoxazolines via reaction of 1 with bis-enolisable
ketones may be of interest in many fields of synthetic
organic chemistry.
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Table 1. Yields of 16 and 17 under conditions Ma or Nb

ConditionsEntry Donor % Yield of % Yield of
17d16c

16acacM1 75
N acac 202 75

85 13eac3 M
56eacN4 31

M Acetone5 22 10
216Acetone6 N

a Conditions M: ratio acceptor:donor (1:10), ethanol, piperidine (0.3
equiv.), 65°C, 3 h.

b Conditions N: ratio acceptor:donor (1:10), triethylamine as solvent,
65°C, 6 h.

c Yield of isolated products after column chromatography.
d Yield of isolated products after crystallisation.
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