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Abstract: Knoevenagel condensation reaction of an aldehyde and
Meldrum’s acid produces a 5-arylmethylidene Meldrum’s acid,
which undergoes Michael addition of a trialkyl phosphite under sol-
vent-free conditions to afford the title compounds in good yields.
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Phosphonates have received considerable attention be-
cause of their chemical and biological importance.1 These
compounds act as enzyme inhibitors in a variety of pro-
cesses because of their structural analogy that refer to the
hydrolytic stability of the P–C bond.2 Derivatives contain-
ing the phosphonate system have been shown to possess a
broad range of useful pharmacological activities, and are
used as herbicides,3 antibiotics,4 antiviral agents,5 anti-
HIV agents,6 and blood pressure regulators.7

During recent years there has been considerable investiga-
tion on α-hydroxy phosphonates and the corresponding α-
hydroxy phosphonic acids. In particular, α-hydroxy phos-
phonates have been shown to possess a wide range of bi-
ological activities.8 Many of these compounds have
exhibited antibacterial, antivirus, antibiotic, pesticidal and
antitumor activities.9,10 Furthermore, many α-functional-
ized phosphonates, such as α-amino,11 α-acetoxy,12 α-halo,13

and α-keto phosphonates14 are prepared from α-hydroxy
phosphonates.

This broad range of applications has made the develop-
ment of new and efficient phosphonate syntheses very
valuable. Consequently, a variety of phosphonate synthe-
ses have been reported in the literature. To the best of our

knowledge, there are only two reports for the preparation
of β-phosphono malonates by Enders et al. in which reac-
tion of phosphorus nucleophiles and α,β-unsaturated mal-
onates under catalytic conditions has led to interesting
products.15

Due to the unique properties of P-containing organic com-
pounds, the development of synthetic methods which
enable facile access to these useful entities are desirable.
As part of our current studies on the development of effi-
cient and facile methods for the preparation of biological-
ly active organic compounds from readily available
building blocks,16 herein we report a novel reaction lead-
ing to β-phosphono malonates and α-hydroxy phospho-
nates.

Thus, a mixture of Meldrum’s acid (1), a benzaldehyde 2,
and a trialkyl phosphite 3 was stirred at ambient tempera-
ture under solvent-free conditions. The progress of the re-
action was monitored by TLC. The reaction went to
completion within eight hours to afford the corresponding
dialkyl 2-[(dialkoxyphosphoryl)arylmethyl]malonates
4a–i and dialkyl hydroxy(aryl)methylphosphonates 5a–i.
1H NMR analysis of the reaction mixtures clearly indicat-
ed formation of compounds 4 and 5 in good yields. The re-
sults are summarized in Scheme 1 and Table 1.17

All dialkyl hydroxy(aryl)methylphosphonates 5a–i are
known compounds and were characterized by comparison
of their physical and spectral data with those of authentic
samples reported in the literature.18–21

The structures of dialkyl 2-[(dialkoxyphosphoryl)aryl-
methyl]malonates 4 were deduced on the basis of IR, 1H
NMR, 13C NMR and 31P NMR spectroscopy, mass spec-
trometry and elemental analysis. The IR spectrum of 4a

Scheme 1  Reaction between Meldrum’s acid, benzaldehydes and trialkyl phosphites
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showed absorptions at 1735 and 1014 cm–1 indicative for
C=O and P–O bonds, respectively. The mass spectrum of
4a displayed the molecular ion [M+] peak at m/z = 330,
which was 32 mass units (a MeOH) more than that of the
1:1:1 adduct of Meldrum’s acid, benzaldehyde and tri-
methyl phosphite with the loss of an acetone molecule.
The 1H NMR spectrum of 4a showed two singlets (δ =
3.38 and 3.78) arising from the two ester methoxy groups.
Two doublets were observed (δ = 3.44 and 3.64; 3JPH =
10.7, 10.9 Hz, respectively) for the two diastereotopic
POCH3 groups. Two doublets of doublet were seen [δ =
3.97 (2JPH = 20.4 Hz, 3JHH = 11.8 Hz) and δ = 4.20 (3JPH =
10.2 Hz, 3JHH = 11.8 Hz)] for the PCHCH moiety, along
with characteristic signals with appropriate chemical
shifts for the five aromatic protons. The 1H decoupled 13C
NMR spectrum of 4a showed characteristic signals at δ =
43.7 (as a doublet, 1JPC = 139.2 Hz, due to P–CH), 52.6
and 53.0 (due to the two CO2CH3 groups), 52.9 and 53.8
(as two doublets, 2JPC = 7.0, 6.5 Hz, respectively, arising
from the two diastereotopic POCH3 groups), and 53.1 for

PCHCH moiety. Two characteristic resonances were ob-
served at δ = 166.9 (as a doublet, 3JPC = 21.2 Hz) and
167.6 for the two carbonyls of the malonate moiety as
well as three CHs and a quaternary carbon with appropri-
ate chemical shifts and multiplicities for the phenyl sub-
stituent. The 1H decoupled 31P NMR spectrum of 4a
showed a signal at δ = 26.67 in agreement with the pro-
posed structure.17

As shown in Scheme 2, there are three possible conforma-
tional diastereomers for β-phosphono malonates 4, as a re-
sult of rotational barrier around C–C single bond. On the
basis of the J values in the 1H NMR and 13C NMR spectra,
the approximate weight of the individual rotamers in the
equilibrium can be determined. For example in the 1H
NMR spectral data of 4a, the observed vicinal coupling
constant for the two H atoms is 3JHH = 11.8 Hz, which is
in close proximity to that of two vicinal H atoms with an
anti relationship, and is far from the expected J value for
the other two rotamers with a gauche relation of these two
vicinal H atoms, i.e. the equilibrium is shifted in favor of
rotamer 4a-I. This conclusion is confirmed by the 13C
NMR data of 4a. One of the two carbonyl C atoms is
gauche to the P atom with no observed coupling, while the
other is in a 180° torsional angle (anti relationship) with
3JPC = 21.2 Hz (Figure 1).

Figure 1  J values in the favored rotamer of 4a

Although no detailed mechanistic studies have been car-
ried out, a possible explanation for the reaction is pro-
posed in Scheme 3. First Meldrum’s acid (1) may
condense with the aldehyde 2 to give 5-arylmethylidene
Meldrum’s acid intermediate 6. Conjugate addition of the
phosphite 3 on 6, may lead to formation of the ketene
phosphonium carboxylate intermediate 7 by removal of
an acetone molecule. Next, the alkyl group of the phos-
phonium moiety may be attacked by the adjacent carbox-
ylate group to afford the ketene phosphonate intermediate
8. On the other hand, nucleophilic attack of another trial-
kyl phosphite 3 on the aldehyde 2, may lead to formation
of the phosphonium alkoxide intermediate 9, which may
be protonated by the H2O generated from the condensa-
tion of Meldrum’s acid and the aldehyde, to give α-hy-

Table 1  Synthesis of β-Phosphono Malonates 4 and α-Hydroxy-
phosphonates 5

Entry  Ar R Yield (%) 
of 4a

Mp (°C) 
of 4

Yield (%) 
of 5a

1 Me 4a, 4515b 80–81 5a, 4118

2 Me 4b, 43 94–95 5b, 4219

3 Me 4c, 4215b 103–104 5c, 4019

4 Me 4d, 47 95–96 5d, 3919

5 Me 4e, 42 102–103 5e, 4320

6 Et 4f, 46 colorless liquid 5f, 4018

7 Et 4g, 41 colorless liquid 5g, 4521

8 Et 4h, 44 colorless liquid 5h, 4621

9 Et 4i, 43 colorless liquid 5i, 4321

a Isolated yields.
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Scheme 2  Three possible conformational diastereomers of 4a
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droxy phosphonium hydroxide 10. Then nucleophilic
attack of hydroxide ion on the alkyl group of the phospho-
nium moiety may lead to formation of the α-hydroxy
phosphonates 5 by removal of an alcohol molecule. Final-
ly, this alcohol molecule may attack on the ketene group
of phosphonate 8 to afford β-phosphono malonates 4.

When the reaction was carried out by the use of equimolar
ratios of Meldrum’s acid, benzaldehyde and trimethyl
phosphite in the presence of MeOH (3 equiv), 1H NMR
analysis of the reaction mixture clearly indicated forma-
tion of 4a (Scheme 4). Our attempts to detect the other
product 5a were not successful.

In conclusion, we have developed a one-pot reaction be-
tween Meldrum’s acid, aldehydes and trialkyl phosphites
for the preparation of β-phosphono malonates and α-hy-
droxy phosphonates which are of potential synthetic inter-
est. Solvent-free and mild conditions, ambient
temperature and good yields of the products are the main
advantages of this reaction. The reactions were performed
under neutral conditions, and the starting materials and re-
agents have been mixed without any activation or modifi-
cation.
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