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ABSTRACT Herein, α-hydroxyphosphonates were synthesized via ultrasound-assisted process. The influence of ultrasonic 
irradiation on the yield, time and catalyst concentrations were investigated and compared with the conven-

tional method. The results showed that sonochemistry-assisted method significantly increased the synthetic efficiency. This 
method is an effective approach to synthesize α-hydroxyphosphonates via reaction of aldehydes and diethylphosphite by 
using 1-hexanesulphonic acid sodium salts in an aqueous medium.

1. Introduction
Phosphonates functionalized with hydroxy and amino groups 
have attracted considerable attention for their role in bio-
logically relevant processes1 and wide range of applications.2 
α-Hydroxyphosphonates act as an inhibitor of a diverse 
group of enzymes including Renin,3a FPTase,3b HIV protease 
3c and EPSP synthase.3d  The cyclic and acyclic phosphate es-
ters are normally considered as important pharmacological 
compounds.4-8 In recent the synthesis of-hydroxy phospho-
nates, which are acyclic phosphorus esters, have received an 
increasing amount of attention due to significant biological 
interests.9-12 Because of their potential bioactivity against 
wide spectrum of disease manifestations several methods 
are reported for their synthesis.A number of synthetic meth-
ods for the preparation of α-hydroxyhosphonates have been 
carried out in various catalysts, such as, Lewis acids,13 alu-
mina,14 alumina/potassium fluoride,15 NH4VO3

16 and polymer/
solid supported base,17 enzymatics,18 alkaloids,19 phosphoric 
acids,20 SALEN,21 BINOL,22 were tried for this reaction to 
improve the yields. But most of these procedures are not 
satisfactory from the points of view of simplicity, efficiency, 
cost and eco-friendliness. All these disadvantages had di-
minished by adopting the green chemical synthetic proce-
dures23-25 involving potassium carbonate,26 sodium carbon-
ate,27 triethylamine28 as catalysts under conventional and 
solvent free conditions, potassium dihydrogenphosphate29 
catalyst under ultrasound-assisted solvent-free conditions 
and iodine as catalyst in water as solvent30 were reported 
for the synthesis of α-hydroxyphosphonates. Ultrasonication 
has increasingly been used in organic synthesis in the last 
three decades. It has been demonstrated as an alternative 
energy source for organic reactions ordinarily accomplished 
by heating. A great number of organic reactions can be car-
ried out in short reaction time, high yields and mild reaction 
condition under ultrasonication.31 The use of ultrasound ir-
radiation technique for activating various reactions is well 
documented in the literature such as Reformatsky reaction,32 
Pinacol-pinacolone reaction,33 Ullmann condensation34 and 
Suzuki cross-coupling.35 In recent years, the development of 
new methodologies to produce products of greater structur-
al complexity from readily available simple starting materials 
with fewer synthetic steps but ensuring high yield under mild 
reaction conditions is the main challenge for the synthetic 
organic chemists.36 Again, because of global environmental 
legislation on chemical process industries, aqueous environ-
ment has been currently receiving considerable attention in 
organic chemistry37 because water is abundant in nature, has 
virtually no cost, and is safest among all available solvents, 
thus leading to environmentally benign chemical processes.38 

A search of the literature revealed that the 1-hexanesulphonic 
acid sodium salt39 liberates corresponding acid with extreme 
wide applications such as sulphonation of alkanes,40 synthesis 
of α-aminophosphonates,41 various organic transformation42 
etc. However, there are very few reports using 1-hexanesul-
phonic acid sodium salt as a catalyst therefore, for the first 
time we herein report the use of 1-hexanesulphonic acid so-
dium salt for the synthesis of α-hydroxyphosphonates under 
ultrasound-irradiation in aqueous medium.

2. Experimental
Melting points were determined in open capillaries in a par-
affin bath and are uncorrected. IR spectra were recorded on 
a Bruker spectrophotometer using KBr discs, and the ab-
sorption bands are expressed in cm-1. 1H-NMR spectra were 
recorded on a Varian AS 400 MHz spectrometer in CDCl3, 
chemical shifts (δ) are in ppm relative to TMS. Mass spectra 
were taken on a Macro mass spectrometer (Waters) by elec-
tro-spray method (ES). Bandelin Sonorex (with a frequency 
of 35 KHz and a nominal power 200 W) ultrasonic bath was 
used for ultrasonic irradiation. Built-in heating, 30-80°C ther-
mostatically adjustable. The reaction vessel placed inside the 
ultrasonic bath containing water. 

1.1 General procedure for the synthesis of 
α-hydroxyphosphonates:-
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A mixture of substituted aldehydes/ketone (1 mmol) and dii-
ethyl phosphite (1.2 mmol) were placed in a round bottom 
flask. Further 1-hexanesulphonic acid (10 mol%) & water (1 
ml) was added, this mixture was irradiated under ultrasonic 
irradiation at ambient temperature for the précised time Af-
ter the completion of reaction as monitored by TLC; 20 mL 
ice cold water was added to the reaction mixture and prod-
uct was extracted by chloroform (2 × 25 mL). The organic 
layer washed by brine (2 × 20 mL) and dried over anhydrous 
sodium sulphate. The solvent was distilled out on Rota-evap-
orator under reduced pressure to afford the pure products. 
The products 3(a-k) were confirmed by their spectral data 
after comparisons with authentic samples,30 IR, 1H NMR, mass 
spectra and melting point.
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2.2 Spectral data of representative compounds. 
Diethyl (hydroxyl)(phenyl)methylphosphonate (3a): Solid, 
Yield: 96 %, mp 74-75 ºC.1H NMR (CDCl3, 400 MHz δ): 
_7.21-7.22 (m, 5H), 5.21 (s, 2H), 4.44 (d, 2H), 3.90-4.00(m, 
4H), 1.26-1.17 (m, 6H); IR (KBr): 3270 (brs, OH), 1235 (P=O), 
1035 (P-O-C) cm-1; ESI-MS: m/z 244 (M+H)+;Anal. calcd. for 
C11H17O4P: C, 55.10; H, 7.04; Found: C, 54.01; H, 6.96.

3. Results and discussion
In continuation of our research devoted to phosphorus 
chemistry41 and interest in the development of novel synthet-
ic methodologies,43 Here we have carried out the reaction 
of benzaldehyde (1a) and diethylphosphite (2) catalyzed by 
1-hexanesulphonic acid sodium salt under ultrasonic irradia-
tion, it has been considered as a standard model reaction. 
We also have studied the catalyst concentration on model 
reaction. We have varied the concentration of catalyst to 2, 
4, 6, 8, 10 and 12 mol %. The result revealed that, when the 
reaction was carried out in the presence of 2, 4, 6 mol% of 
catalyst it gave lower yield of product even after prolonged 
reaction time. At the same time when the concentration of 
catalyst was 10 and 12 mol% we got the excellent yields 
of product in short span. Even after increasing the catalyst 
concentration the yields of the products were found to be 
constant. So, the use of 10 mol% of catalyst is sufficient to 
push the reaction forward. The obtained results summarized 
in (Table 1).

Table 1
Effect of catalyst concentration on model reactiona

Entry Catalyst(mol%) Yieldb(%)
1 2 43
2 4 55
3 6 62
4 8 79
5 10 96
6 12 96

aReaction of benzaldehyde and diethyphosphite in pres-
ence of 1-hexanesulphonic acid sodium salt under ultra sonic 
waves for 5 min. bIsolated yield.

Further, we have also studied the effect of solvents on model 
reaction. Here, we have kept the concentration of catalyst 
constant on model reaction and varied the solvents condition 
like solvent-free, methanol, dichloromethane, toluene, etha-
nol and water. The observation revealed that in methanol, 
dichloromethane, toluene solvents the yields of the products 
were found to be low. At the same time we have carried out 
the same reaction under solvent-free condition but in such 
case we got moderate yield. We also tried same reaction 
in the presence of water then we got the excellent yield of 
product as compare to other solvents. The obtained results 
summarized in (Table 2). 

Table 2.
Optimization of solvent effect on the model reaction

Entry Solvents Time (min) Yieldb (%)
1 Solvent-free 5 60
2 Methanol 5 50
3 Dichloromethane 5 35
4 Toluene 5 54
5 Ethanol 5 75
6 Water 5 96

aReaction of benzaldehyde and diethylphosphite catalyzed 
by 1-hexenesulphonic acid sodium salt (10 mol %) under ul-
trasonic waves for 5 min. bIsolated yield.

We have also discussed the effect of ultrasonic irradiation. 
When the model reaction was carried out under conventional 
method it gave comparatively low yields of products, while 

at the same time the model reaction carried in the influence 
of ultrasonic irradiation it gives excellent yields of product in 
short reaction time (Table 3). After optimizing the conditions, 
the generality of this method was examined by the reaction 
of several substituted aryl/heteroaryl aldehydes/ketone and 
diethylphosphite using 1-hexanesulphonic acid as a catalyst 
under ultrasound irradiation in aqueous medium, the results 
are shown in Table 3. Here, we have found that the use of 
electron donating group on aldehyde results into excellent 
yield, while at the same time the electron withdrawing group 
affords corresponding lower yield of product. Further study 
of ketone revealed that it gives very low yields of products 
even after prolonged reaction time. All the synthesized com-
pounds were characterized by spectral data and compared 
(MS, NMR and IR) with authentic sample. This comparison 
revealed that the compounds synthesized by this newly de-
veloped method were exactly similar in all aspects 

Table 3. 
Sonochemical effect on the synthesis of α hydroxyphos-
phonates.

Entry Product Aldehyde/
Ketone

With USa Without USb 

Time 
(min)

Yieldc.d

(%)
Time
(min)

Yieldc,d 
(%)

1 3a
CHO

5 96 60 75

2 3b
CHO

O2N
10 90 60 70

3 3c
CHOCl

10 86 60 72

4 3d
CHO

Cl

Cl

12 84 60 69

5 3e
CHO

HO
12 80 60 65

6 3f
CHO

H3C
07 94 60 70

7 3g
CHO

H3CO
05 95 60 71

8 3h
O CHO 25 79 60 42

9 3i
S CHO 30 83 60 39

10 3j

O

80 50 60 34

11 3k

O

120 38 60 30

aReaction of aldehyde/ketone and diethylphosphite in pres-
ence of 1-hexanesulphonic acid sodium salt (10 mol%) in 
aqueous medium under ultrasonic waves. bReaction of alde-
hyde/ketone, diethylphosphite in presence of 1-hexanesul-
phonic acid sodium salt (10 mol%) in aqueous medium under 
stirring at ambient temperature. cIsolated yield. dCompounds 
were characterized by 1H NMR, MS spectral data and were 
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compared with the reference compounds.

4. Conclusion
In conclusion, 1-hexanesulphonic acid sodium salt was found 
to be an efficient catalyst for the reaction of aldehydes and 
diethylphosphite to afford α-hydroxyphosphonates. The 
main advantages of this method are mild, clean, environmen-
tally benign and good to excellent yields. The developed 

methodology is simple and will gives good contribution in 
the field of phosphorous chemistry.
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