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Abstract—A novel, general method of synthesis of 4-methylideneisoxazolidin-5-ones 10 is described. The target compounds were
synthesized starting from ethyl 2-diethoxyphosphoryl-2-alkenoates 6 or dicyclohexylammonium 4-diethoxyphosphoryl-2-alkenoates
7. Addition of N-methylhydroxylamine hydrochloride to these Michael acceptors, lactonization to 4-diethoxyphosphorylisoxazoli-
din-5-ones 9, and Horner–Wadsworth–Emmons olefination of formaldehyde using 9 gave the title isoxazolidinones 10. All obtained
compounds were tested against L-1210, HL-60, and NALM-6 leukemia cell lines. Several isoxazolidinones 10 were found to be very
potent with IC50 < 1 lM. The highest cytostatic activity against HL-60 was observed for 10a and against NALM-6 for 10b with IC50

values of 0.74 and 0.34 lM, respectively.
� 2005 Elsevier Ltd. All rights reserved.
a-Methylidene-c-lactones 1 are a well-known group of
natural and synthetic compounds which possess a wide
spectrum of biological activities such as cytotoxic, anti-
microbial or antifungal.1 This activity is mainly associat-
ed with the a,b-unsaturated ester moiety which can act
as a Michael acceptor in the reactions with bionucleo-
philes, especially with sulfhydryl-containing enzymes
and other functional proteins.2 Also light-activated
2 + 2 additions of a-methylidene-c-lactones to the
DNA base, thymine, have been recently described.3 On
the other hand, lactams 2, which are the nitrogen ana-
logs of a-methylidene-c-lactones, are much less common
in nature4 and according to a few reports available, also
much less active against the cancer cells.5
In our search for highly cytotoxic, yet structurally simple,
a-methylidene-c-lactones as possible drug candidates,5b,6

we envisioned the synthesis of 4-methylideneisoxazolidin-
5-ones 3, where one of the carbon atoms in the lactone
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ring is replaced by a nitrogen atom. To the best of our
knowledge compounds of this structure are essentially un-
known. The only compounds of the related structure
mentioned in the literature were 4-arylaminomethylide-
neisoxazolidin-5-ones 47 and isoxazolidinone of structure
5.8 Therefore, the development of a general synthetic
route to 3 appeared to us as an important and challenging
endeavor. Here, we report on our initial investigations in
this area.

Synthesis of the target isoxazolidinones 10 was executed
in a two-step reaction sequence shown in Scheme 1.

Starting ethyl 2-diethoxyphosphoryl-2-alkenoates 69 or
dicyclohexylammonium 4-diethoxyphosphoryl-2-alke-
noates 710 were prepared according to the methods
described in the literature. These two Michael acceptors
were next tested in the reaction with N-methylhydroxyl-
amine hydrochloride. Adducts 8a–i formed in these
additions were not isolated and lactonized spontaneous-
ly to 4-diethoxyphosphorylisoxazolidin-5-ones 9a–i.
Crude products were purified by column chromatogra-
phy. Yields of this step were only moderate or poor
and are given in Table 1.11 Esters 6a, b, and i gave
expected isoxazolidinones 9a, b, and i in poor yields,
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Table 2. Cytostatic activity of 4-methylideneisoxazalidin-5-ones 10a–i

Compound Cytostatic activity IC50 (lM)a

L-1210 HL-60 NALM-6

10a 2.63 ± 0.31 0.74 ± 0.13 4.16 ± 0.24

10b 1.90 ± 0.15 4.70 ± 0.8 0.34 ± 0.04

10c 5.5 ± 0.4 34.8 ± 3.6 4.96 ± 0.31

10d 0.8 ± 0.01 5.4 ± 1.1 5.8 ± 0.5

10e 3.5 ± 0.21 5.4 ± 0.3 5.5 ± 0.4

10f 0.7 ± 0.02 5.1 ± 0.5 4.6 ± 0.5

10g 0.8 ± 0.02 7.4 ± 0.3 5.2 ± 0.4

10h 7.0 ± 0.3 6.6 ± 1.4 4.2 ± 1.2

10i 3.2 ± 0.4 5.6 ± 0.8 4.2 ± 1.0

Carboplatin 9.7 ± 1.2 2.9 ± 0.1 0.7 ± 0.3

a IC50, 50% inhibitory concentration represents the mean from dose–

response curves of at least three experiments.

Table 1. Synthesis of 4-diethoxyphosphorylisoxazolidin-5-ones 9a–i

and 4-metylideneisoxazolidin-5-ones 10a–i

Compound Michael

acceptor

R2 9 yield

(%)a
10 yield

(%)a

a 6 i-Pr 24 46

b 6 25 80

c 7 Ph 36 57

d 7 p-MePh 45 53

e 7 p-MeOPh 34 83

f 7 p-BrPh 32 89

g 7 p-NO2Ph 41 70

h 7

O

O
32 64

i 6 1-Naphthyl 25 55

a Yields of pure, isolated products based on 6, 7 or 9, respectively.
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whereas ammonium salts 7a, b, and i in these reactions
were even less effective (10–18% yield). Also ester 6c
gave 9c with very low 10% yield. On the other hand,
ammonium salts 7c–h provided isoxazolidinones 9c–h
in moderate yields. Variations in reaction time and/or
temperature did not improve the yields of 9. Apparently,
the conditions of this step still need to be optimized or
other Michael acceptors should be tested. Compounds
9a–i were obtained as single diastereoisomers. Only 9b
was formed as a mixture of diastereoisomers in close
to 1:1 ratio, due to the additional stereogenic center in
the R2 substituent. Because in this type of Michael addi-
tions thermodynamic control is usually observed, we
anticipated that trans isomers should be formed.12 Pleas-
ingly, structures and trans configurations of all obtained
isoxazolidinones 9 were confirmed by 1H, 13C, and 31P
NMR data. In particular, 3JH3-H4 and 3JP-C coupling
constants were diagnostic, for example, for 9c these cou-
pling constants were 12.0 and 0 Hz, respectively, indicat-
ing the trans-relationship between protons H-3 and
H-4.13 Isoxazolidin-5-ones 9 when used in the Horner–
Wadsworth–Emmons olefination of formaldehyde, in
the presence of K2CO3 as a base, gave expected 4-
methylideneisoxazolidin-5-ones 10 in good to excellent
yields (Table 1).14 All target compounds were purified
by silica gel column chromatography and characterized
by IR, 1H, and 13C NMR spectroscopy.

The final products 10a–i were evaluated for in vitro
cytostatic activity against L-1210 mouse leukemia15 as
well as HL-60 and NALM-6 human leukemia16 cell
lines. The activities, expressed as IC50 values (the con-
centration in lM required to inhibit tumor cell prolifer-
ation by 50% after 72 h of exposure of the cells to a
tested compound), are given in Table 2. Carboplatin17

was used as a reference compound. The results of the
biological evaluation turned out to be extremely gratify-
ing. Except for the derivative 10c, all new compounds
showed IC50 values against all three tested cell lines low-
er than 7.4 lM and can be considered highly potent
according to Kupchan�s classification (IC50 6 15 lM).18

Activities of all tested compounds against the L-1210
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Scheme 1. Reagents and conditions: (a) CH3NHOH ·HCl, CH2Cl2, rt 12 h
cell line were considerably higher compared to that of
the standard drug carboplatin. For the HL-60 cell line
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; (b) K2CO3, 36% formalin, THF, 0 �C to rt 45 min.
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NALM-6 cell line lower than that of, the activity of car-
boplatin. Furthermore, two of the obtained compounds,
10a and 10b, showed significantly improved activities
against HL-60 and NALM-6 cell lines, respectively, in
comparison with those of the other compounds in the
series. This high biological activity might be due to the
non-aromatic character of the substituents R2 in 10a,
b. Determined IC50 values of 0.74 lM for 10a and
0.34 lM for 10b make these compounds the target
for further biological evaluations as well as make them
very interesting leads in the search for even more potent
anticancer agents.

In conclusion, a simple and general method for the syn-
thesis of, so far essentially unknown, 4-methylideneisox-
azolidin-5-ones 10 has been developed. These
compounds turned out to be very potent against mouse
L-1210 as well as human HL-60 and NALM-6 leukemia
cell lines. Currently, more specific biological evaluations
of the most potent isoxazolidinones 10 are in progress.
Also further synthetic efforts have been undertaken to
improve the yields of Michael addition/lactonization
step and to broaden the scope of the method.
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