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Abstract: Stable derivatives of phosphonates were prepared using
multicomponent reactions of dialkyl acetylenedicarboxylate
with 1-(6-hydroxy-2-isopropenyl-1-benzofuran-yl)-1-ethanone or
4-hydroxycoumarin in the presence of trimethyl or triphenyl phos-
phite in water in good yields.
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One powerful tool used to combine economy with envi-
ronmental concern is to perform organic reactions in wa-
ter in two or more synthetic steps without isolation of any
intermediate, thus reducing time and saving money, ener-
gy, and raw materials.1 Phosphorus-containing organic
compounds have diverse biological activity and have at-
tracted noteworthy synthetic and pharmacological inter-
est.2,3 Phosphonates have important applications in flame
retardancy,4,5 organic synthesis,6 and biological applica-
tions.3c,7 Furthermore, phosphonates have been used as
substitutes for the corresponding esters and acids of high-
biological activity8,9 and as suitable probes for designing
antibodies on the basis of transition-state models. A large
number of methods has appeared describing novel synthe-
ses of organophosphorus compounds.10–14 Hence, we
describe herein the reaction of dialkyl acetylenedicarbox-

ylate with a trivalent phosphorus nucleophile such
as trimethyl phosphite or triphenyl phosphite in the pres-
ence of 1-(6-hydroxy-2-isopropenyl-1-benzofuran-yl)-1-
ethanone15,16 or 4-hydroxycoumarin.

1-(6-Hydroxy-2-isopropenyl-1-benzofuran-yl)-1-etha-
none (1) has been extracted from the roots of Petasites hy-
bridus. This compound is very soluble in water and has
been shown to have potent biological and medicinal prop-
erties.15,16

The reaction of 1-(6-hydroxy-2-isopropenyl-1-benzofu-
ran-yl)-1-ethanone (1) and dialkyl acetylenedicarboxylate
2 in the presence of trimethyl phosphite or triphenyl phos-
phite 3 produces dialkyl 2-(dialkoxyphosphoryl)succinate
4 in good yield (Scheme 1).17

The 1H NMR spectrum of 4a displayed two singlets at
δ = 2.12 and 2.58 ppm for the methyl protons, two singlets
at δ = 3.72 and 3.84 ppm for the methoxy protons, and two
sets of doublet of doublets for the vicinal methine protons
at δ = 3.94 and 5.15 ppm, which appeared with 2JHP and
3JHP values of 20.4 and 11.7 Hz, respectively. The
methoxy groups of the phosphoranyl moiety are diastereo-
topic and show two separate doublets at δ = 2.87 (3 H, d,
JHP = 11.2 Hz, MeO) and 3.78 (3 H, d, 3JHP = 11.2 Hz,
MeO) ppm. The hydroxy proton was observed as a broad

Scheme 1 Reaction of phosphites, activated acetylenes, and 1-(6-hydroxy-2-isopropenyl-1-benzofuran-yl)-1-ethanone
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singlet at δ = 8.22 ppm, which disappeared with addition
of D2O. Observation of 3JHH = 12.0 Hz for the vicinal me-
thine protons in 4a implies an anti arrangement. Since
compound 4a possesses two stereogenic centers, two dia-
stereomers with anti HCCH arrangements are possible
(Figure 1). The observation of 3JCP = 22.4 Hz for the
CO2Me group and 3JCP = 0 Hz for C of the benzene moiety
is in agreement with the 2R,3S or 2S,3R diastereomer.

Figure 1  Two diastereomers of 4a with anti arrangement

Under similar conditions, the reaction of 4-hydroxy-
coumarin (5) and dialkyl acetylenedicarboxylate 2 in the
presence of trimethyl phosphite or triphenyl phosphite 3
produced dialkyl 2-(dialkoxyphosphoryl)succinate 6 in
good yield (Scheme 2).18

Scheme 2  Reaction of phosphites, activated acetylenes, and 4-hydroxy-
coumarin

The 1H NMR spectrum of 6a displayed signals for vicinal
methine protons at δ = 3.92 and 5.12 ppm, which ap-
peared as two doublet of doublets with 2JHP and 3JHP val-
ues of 20.4 and 8.7 Hz, respectively. The methoxy groups
of the phosphoranyl moiety are diastereotopic and show

two separate doublets at δ = 2.92 and 3.72 ppm. The hy-
droxy proton was observed as a broad singlet at δ = 8.12
ppm, which disappeared with addition of D2O. Observa-
tion of 3JHH = 11.7 Hz for the vicinal methine protons in
6a once again indicates an anti arrangement. Since com-
pound 6a possesses two stereogenic centers, two dia-
stereomers with anti HCCH arrangements are possible
(Figure 1). 

A proposed mechanism for the formation of compound 6
is shown in Scheme 3. On the basis of phosphorus nucleo-
philic chemistry,12,19 it is reasonable to presume that com-
pound 6 results from initial addition of the phosphite to
the activated acetylenic compound and following proton-
ation of the reactive 1:1 adduct, attack of the 4-hydroxy-
coumarin 8 to cation 7 to generate ylide 9 which
isomerizes, under the reaction conditions employed, to
ylide 10. Hydrolysis of 10 leads to phosphonate derivative
6.

In conclusion, we found that the reaction of activated acet-
ylenic compounds with trimethyl phosphite or triphenyl
phosphite in the presence of 1-(6-hydroxy-2-isopropenyl-
1-benzofuran-yl)-1-ethanone or 4-hydroxycoumarin leads
to a facile synthesis of some functionalized phosphonates
in water as the solvent without needing a catalyst.
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