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We report a new environmentally-benign, convenient, and facile methodology for the synthesis of a-
hydroxyphosphonates from an aromatic/heteroaromatic aldehyde with triethyl phosphite in the pres-
ence of potassium dihydrogen phosphate (KH2PO4) under ultrasound-assisted solvent-free conditions.
Furthermore, a series of compounds were synthesized and characterized by melting point, EI-MS,
NMR, and IR tools. Utilization of easy reaction conditions, isolation, and purification makes this manip-
ulation very interesting from an economic perspective.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Organophosphorus compounds have found a wide range of
applications in the areas of industrial, agricultural, and medicinal
chemistry owing to their biological and physical properties as well
as their utility as synthetic intermediates.1 a-Functionalized phos-
phonic acids are valuable intermediates for the preparation of
medicinal compounds and synthetic intermediates.2–4 Among a-
functional phosphonic acids, a-hydroxyphosphonic acids exhibit
a EPSP synthase.5 Moreover, they show anti-viral, anti-cancer,6

and anti-bacterial activity with the quinoline nucleus.7 In addition,
a-hydroxy phosphonates serve as an attractive precursor in the
synthesis of various a-substituted phosphonates and phosphonic
acids, such as a-aminophosphonates and a-aminophosphonic
acids. These compounds have both medicinal and synthetic impor-
tance.8 a-Hydroxy phosphonates have been used for the synthesis
of 1,2-diketones,9 a-ketophosphonates.10

The traditional synthesis of a-hydroxyphosphonates involves
the reaction between dialkyl phosphite and substituted aldehyde
in the presence of various bases, such as ethyl magnesium
bromide,11 potassium fluoride on alumina,12 quinine,13 LDA,14

MgO,15 and DBU.16 There are some disadvantages of using base cat-
alyst, like harsh reaction condition, high temperature, long reaction
time, strong bases, mixture of products, and poor yields.17 Acid cat-
alysts such as alumina18 and Ti(OPri)2

19 have been reported for the
activation of aldehydes and dialkyl phosphonates in the Abramov
ll rights reserved.

).
reaction. There are a few reports describing the reaction of trialkyl
phosphite with aldehydes or ketones in the presence of acid
catalysts such as LiClO4�Et2O and TMSCl20 and guanidine hydro-
chloride.21 However, all the existed methods displayed their draw-
backs, such as the environmental pollution caused by utilization of
organic solvents, long reaction time, extreme reaction conditions,
unsatisfactory yields, complicated operations. Therefore, there is
an urgent need for the further development of an efficient and con-
venient method to construct such significant scaffold.

In recent years, solvent-free organic synthesis has offered more
advantages as compared to their homogeneous counterparts due to
the growing concern for the influence of organic solvents on the
environment, on human body, besides economic demands and
simplicity in the processes.22

Ultrasound-accelerated chemical reactions are well known and
proceed via the formation and adiabatic collapse of transient cav-
itation bubbles. Ultrasound irradiation has been demonstrated as
an alternative energy source for organic reactions ordinarily
accomplished by heating. Many homogeneous and heterogeneous
reactions can be conducted smoothly by sonication to provide im-
proved yields and increased selectivities,23 therefore ultrasound
irradiation has been established as an important technique in
organic synthesis. Therefore, we herein describe the ultrasound-
promoted procedure for the convenient and efficient synthesis of
a-hydroxyphosphonates catalyzed by potassium dihydrogen phos-
phonates with many different species of aryl and heteroaryl
aldehydes and triethyl phosphate under solvent-free conditions.
Compared with the methods mentioned above, our reactions
displayed their advantages: (i) greener synthesis without organic
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Table 1
Optimization of solvent effect on the model reactiona

Entry Solvent With USa Without USb

Time (min) Yieldc (%) Time (min) Yieldc (%)

1 Water 5 45 20
2 Ethanol 5 26 45 28
3 Methanol 5 32 45 53
4 DCM 5 44 45 60
5 DMF 5 27 45 45
6 Acetonitrile 5 38 45 56
7 Solvent free 5 86 45 80

a Reaction of benzaldehyde with triethyl phosphite in presence of potassium
dihydrogen phosphate (KH2PO4) (5 mol %) under ultrasonic waves for 5 min.

b Reaction of benzaldehyde with triethyl phosphite in presence of potassium
dihydrogen phosphate (KH2PO4) (5 mol %) under constant stirring for 45 min.

c Isolated yield.

Table 2
Screening of catalyst concentration on the synthesis of 3aa

Entry Catalyst (mol %) Yieldb (%)

1 0 No reaction
2 2.5 32
3 5.0 86
4 7.5 86
5 10.0 86

a Reaction of benzaldehyde with triethyl phosphite in presence of potassium
dihydrogen phosphate (KH2PO4) (5 mol %) under ultrasonic waves for 5 min.

b Isolated yield.

Table 3
Ultrasound-promoted synthesis of a-hydroxyphosphonates catalyzed by KH2PO4

(3a–o)

Entry Aldehyde Time
(min)

Yield
(%)

Melting point (�C)

Found Lit.

3a Benzaldehyde 5 86 76–78 75–7715

3b 4-Methyl benzaldehyde 7 84 94–95 94–9515

P. G. Mandhane et al. / Tetrahedron Letters 51 (2010) 1490–1492 1491
solvents is involved; (ii) shortened time and improved yields; (iii)
mild conditions and ready operations.

2. Results and discussion

In continuation of our ongoing research work on the develop-
ment of useful synthetic methodologies,24 herein we report an
efficient and practical method for the synthesis of a-hydrox-
yphosphonates using potassium dihydrogen phosphate (KH2PO4)
as a catalyst under ultrasound irradiation in solvent-free condition
(Fig. 1). Consequently several aryl and heteroaryl aldehydes with
different substituents on the aromatic ring were subjected to the
addition reaction. In all, the yields were excellent. The physical
characteristic of potassium dihydrogen phosphate is acidic (pH
4.2–4.7) which has been used for the sonochemical synthesis of
a-hydroxyphosphonates. The products were isolated in high yields
(80–94%) (Scheme 1). The structures of the products were deter-
mined from their spectral (1H NMR, IR, and MS) data.

In the current study, the commercially available catalyst potas-
sium dihydrogen phosphate is used as a catalyst but its scope has
not been fully explored. Potassium dihydrogen phosphate can be
used as a buffer, neutralizing agent, sequestrant, yeast food, and
also as an efficient heterogeneous acid catalyst.25,26 KH2PO4 facili-
tates the formation of the a-hydroxyphosphonates under ultra-
sonic irradiation. The use of KH2PO4 catalyst under ultrasonic
irradiation plays an important role in the synthesis and hence
the reaction rate was improved and the reaction time was reduced.
We have focused our attention on the effect of solvent on model
reaction, where we have studied the effect of different solvents
such as water, ethanol, methanol, dichloromethane, N,N-diethyl
formamide, and acetonitrile. But the use of solvent-free approach
was found to be better (Table 3, entry 3a), because when the reac-
tion is carried out in solvents like ethanol under ultrasonic irradi-
ation, the reaction time is longer and the yields are comparatively
low. Further increase in the reaction time gave no significant
improvement in the yield of the product (Table 1, entries 1–7).
We have also studied the sonochemical effect on model reaction
by using diverse solvents. In all cases, the experimental results
show that the reaction times are reduced and the yields of the
products are increased under sonication. Based on the results of
this study, it seems that the ultrasound irradiation improves the
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Figure 1. Proposed mechanism for a-hydroxyphosphonates using KH2PO4.
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Scheme 1. Synthesis of various a-hydroxyphosphonates using KH2PO4 as a
catalyst.
reaction times and yields. The obtained results are summarized
in (Table 1, entries 1–7). Further we have optimized catalyst con-
centration on model reaction (Table 3, entry 3a). The best result
3c 4-Methoxy benzaldehyde 6 80 119–
120

120–
12115

3d 4-Chloro benzaldehyde 12 92 67–68 67–6815

3e 2-Chlorobenzaldehyde 14 83 75–77 74–7515

3f 3-Hydroxy benzaldehyde 6 89 96–97 97–
98.515

3g Cinnamaldehyde 15 80 105–
107

105–
10615

3h 4-Oxo-4H-chromen-3-
carbaldehyde

14 80 170–
172

17227

3i 6-Chloro,7-methyl-4-oxo-4H-
chromen-3-carbaldehyde

18 88 178–
180

17827

3j 2-Chloro 3-formyl quinoline 20 90 123–
124

124–
1267

3k Propionaldehyde 30 56 146–
148

147–
15417

3l Isobutyraldehyde 45 48 149–
150

147–
15317

3m Cyclohexanone 120 No
reaction

No
reaction

No
reaction

3n Propenone 120 No
reaction

No
reaction

No
reaction

3o Acetophenone 120 No
reaction

No
reaction

No
reaction

All the compounds characterized by their spectroscopy method 1H NMR, mass, IR,
and melting point from authentic sample.28

a Reaction of aldehyde and triethyl phosphite in presence of potassium dihydrogen
phosphate (KH2PO4) (5 mol %) under ultrasonic waves.
b Isolated yield.
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was obtained with 5 mol % of KH2PO4 under ultrasonic irradiation
and solvent-free condition. The elevated amount of the catalyst did
not give any improvement in the yield. However in the absence of
catalyst KH2PO4, the reaction did not proceed even after extending
reaction time; the results are summarized in (Table 2, entries 1–5).
When the model reaction was attempted under ultrasonic irradia-
tion and solvent-free condition, the reaction proceeds smoothly
with 5 mol % of catalyst and completes within 5 min without a sol-
vent under ultrasonic irradiation (Table 1, entry 7).

We also studied the reaction on aliphatic aldehydes which gave
the corresponding low yields of products after prolonged reaction
time. (Table 3, entries 3k–l). The reaction on ketones does not
show any conversion even after prolonged reaction time, increas-
ing catalyst concentration, frequency and temperature of the ultra-
sonic bath. These results revealed that the reaction undergoes only
on the aldehydes and not on ketones (Table 3, entries 3k–o).

In conclusion, we describe a novel approach to explore the use
of ultrasound irradiation for the synthesis of a-hydroxyphospho-
nates using potassium dihydrogen phosphate as a catalyst under
solvent-free condition at ambient temperature within 5–45 min.
In the given approach, when 10 mmol of substituted aldehydes re-
acts with 20 mmol of triethyl phosphite and 5 mol % of KH2PO4, the
formation of a-hydroxyphosphonates was observed in very high
yield. We believe that, sonochemical synthesis of a-hydrox-
yphosphonates using potassium dihydrogen phosphate as a cata-
lyst-promoted methodology will be a valuable addition to the
existing processes in the synthesis of a-hydroxyphosphonates (Ta-
ble 3).
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