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ABSTRACT:  

The α-hydroxy phosphonates exhibit crucial antiviral, antibacterial, antifungal anti-HIV, anticancer, 

anti-inflammatory, anti-oxidant activities, so highly efficient and convenient protocol has been 

accomplished for one pot synthesis of α-hydroxy phosphonates using aromatic aldehyde, diethyl 

phosphite in presence of eco-friendly catalyst Li2CO3 at ambient temperature by grinding method. 

The grinding method is green methodology which is largely used from last decade in synthesis of 

various biological active compounds. The method is very facile, use of cheap, radially available and 

easy to handle catalyst Li2CO3 makes method more simple, reliable and practical. 

 

Introduction: 

 Improvement in greener synthetic 

methodologies along with sudden access towards the 

target compounds is very important fundamental 

objectives to accelerate current organic synthesis. [1]. 

With respect to these cases, use of microwave [2], 

ultrasound waves [3], alternate reaction media [4]. etc. 

are very well accepted tool for synthesis with fast 

reaction rate, high chemical efficiency with choice of 

expedient catalyst and absence of reaction medium. The 

examples reported demonstrate that solvent-free 

reactions are generally more expeditious, giving higher 

reactivity and involve more facile work-up procedures. 

 Phosphonates and their derivatives 

are key part in large group of chemical compounds with 

many various applications. Phosphonate moieties are 

found not only in therapeutic drugs and industrial 

chemicals [5] [6] but also as significant intermediates in 

synthetic chemistry (ylide and mitsonobu reaction). 

Phosphonate derivatives including both synthetic and 

natural product represent numerous applications in 

medicine (drugs), agricultural (fertilizers and 

herbicides), synthetic chemistry (catalysts) [7]. α-

Functionalized phosphonates are important 

intermediates for the synthesis of many medicinal and 

synthetic compounds [8]. The α-hydroxy phosphonates 

are important class of organophosphorus compound 

which exhibit antiviral [9], antibacterial [10], anti-HIV 

[11], anticancer [12], anti-inflammatory [13], anti-

oxidant [14], enzyme inhibitor [15] anti-tumor [16] 

activities. Phosphonate esters are a common prodrug 

strategy employed, with many examples having been 

prepared and evaluated for biological activity [17] 

(figure- 1). 

 Pudovik reaction is base catalyzed 

hydroxy phosphorylation of aldehydes in which C-P 

bond formed. [18]. The available methods for the 

synthesis of α-hydroxy phosphonates involving the 

nucleophilic addition of di or trialkylphosphite to 

different substituted aldehydes in the presence of various 

catalysts such as ethyl magnesium bromide [19], KF-

alumina [20], magnesium oxide (MgO) [21], quinine 

[22], LDA [23], NH4VO3 [24]. Besides this there is 

bronsted acid catalyst like alumina [25], Ti(OPri)2 [26], 

HCl [27], Amberlyst [28] have been additionally 

explored in recent years for the synthesis of α-hydroxy 

phosphonates. There are few more research work 

describing the reaction of trialkyl phosphite with 

aldehydes or ketones in the presence of acid catalysts 

such as LiClO4: Et2O [29] and guanidine hydrochloride 

[30]. However, all the subsisted methods exhibited their 

drawbacks, such as the environmental pollution caused 

by utilization of organic solvents, long reaction time, 

extreme reaction conditions, unsatisfactory yields, 

perplexed operations. Consequently, there is an 

immediate demand for the further development of an 
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efficient and convenient method to construct such 

significant scaffold. 

 
The use of grinding approach is a green tool for synthesis 

of organic compounds. [31]. An innovative work by 

Toda et al. [32] has shown that many reactions in organic 

synthesis can be achieved in high yield by just grinding 

solids together using a mortar and pestle a technique 

known as “grindstone chemistry”, which is one of the 

green chemistry techniques. Reactions are triggered by 

grinding, with the transfer of minutely minuscular 

quantities of energy through friction [33]. In addition to 

this, grinding approach increases reactivity of starting 

material and minimize the waste product formation. Such 

reaction is easy to handle, lower the pollution and 

relatively inexpensive to operate so it is cheaper method 

in chemistry [34]. In this work, mild, easily available, 

less harmful, inexpensive catalyst i.e. Li2CO3 under 

grinding tool was reported for synthesis of α -hydroxy 

phosphonates at ambient temperature. 

Experimental: 

Material and Methods: 

All the reagents, chemicals and solvents were purchased 

from Sigma-Aldrich, Merk, Spectrochem, Loba, and 

Aura were used without further purification. The melting 

point were recorded on digital melting/boiling point 

apparatus of Labtronics make and found uncorrected. 

The progress of reaction was monitored by Thin layer 

chromatography was executed on precoated plates of 

TLC silica gel 60 F254. in 30% ethyl acetate in hexane 

solvent. Visualization was made with UV light (254 or 

365nm). IR spectra were obtained on Shimatzu Infra-Red 

Spectrophotometer at Jijamata College of Arts and 

Science, Bhende, Ahmednagar and and absorptions (νmax 

) were reported in wave numbers (cm-1).  The mass 

spectra were recorded on Shimadzu, Japan (Model: 

LCMS/MS 8040) spectrometer at Department of 

Chemistry, Rashtrasant Tukadoji Maharaj Nagpur 

University, Nagpur. The 1H NMR spectra were recorded 

on BRUKER- 400 MHz (Model: AV 400) spectrometer 

(Sophisticated Instrument Facility, NMR Research 

Centre, Indian Institute of Science Bangalore) in CDCl3 

solvent using TMS as an internal standard and chemical 

shifts were measured in δ parts per million (ppm) and 

coupling constants (J) were measured in hertz (Hz). 

General method for synthesis of α -hydroxy 

phosphonates derivatives: 

A mixture of aromatic aldehyde (1mol eq.), diethyl 

phosphite (1 mol eq.) and Li2CO3 (1.5 mol eq.) were 

grinded in mortar and pestle for 8 to 10 min. at room 

temperature. After completion of reaction as indicated by 

thin layer chromatography, small amount of water was 

added to reaction mixture and product were extracted 

with ethyl acetate (3x 10 ml) which then dried over an. 

Na2SO4, filtered and concentrated under vacuum. The 

crude compound was purified by washing with hexane 

solvent followed by recrystallization using ethanol. 

(scheme-1). The synthesized derivatives of α -hydroxy 

phosphonates were summarized in table 1. 
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Table 1: Synthesis of α -hydroxy phosphonates derivatives. 

Entry Aldehyde Compound M.P.oC 

found  

M.P. oC 

reportedref 

Yield 

(%)  

1 benzaldehyde 

P

OH

O

O

O

 

                   PHO 1 

74-75 75-76 93 

2 4-methyl benzaldehyde 

P

OH

O

O

O

 

                    PHO 2 

95-96 94-95 90 

3 2-methoxy benzaldehyde 

P

OH

O

O

O

O

 

PHO 3 

130-132 - 92 

4 4-methoxy benzaldehyde  

P

OH

O

O

O

O

 

                    PHO 4 

120-122 120-121 88 

5 3-nitro benzaldehyde 

P

OH

O

O

O

NO2  

                    PHO 5 

80-82 81-82 96 
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6 2-fluro benzaldehyde 

P

OH

O

O

O

F  

 

                    PHO 6 

88-89 - 90 

7 4- fluro benzaldehyde 

P

OH

O

O

O

F  

     PHO 7 

78-79 - 92 

8 4-chloro benzaldehyde 

P

OH

O

O

O

Cl  

 

                   PHO 8 

68-70 67-68 90 

9 4-bromo benzaldehyde  

P

OH

O

O

O

Br  

 

PHO 9 

75-77 74-75 92 

10 Thiophene 2-aldehyde  

S

P

OH

O

O

O

 

                     

                      PHO 10 

Semi-solid nature - 90 
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11 Salicyldehyde 

P

OH

O

O

O

OH  

 

 

                   PHO 11 

Semi-solid nature - 88 

12 4-trifluromethyl 

benzaldehyde 

P

OH

O

O

O

F3C  

   

  PHO 12 

103-104  90 

13 4-trifluromethoxy 

benzaldehyde 

P

OH

O

O

O

F3CO  

 

                  PHO 13 

111-112  92 

 

Spectral data: 

Compound PHO 1: Diethyl hydroxyl (phenyl) methyl 

phosphonates: 

1H NMR (400 MHz, CDCl3) δ ppm: 7.26-7.49 (m, 5H, 

Ar-H), 5.00-5.03 (d, 1H, J= 10.8 Hz, CH-PO-), 3.94-4.10 

(m, 4H, OCH2), 1.19-1.28 (m, 6H, OCH2CH3), (Mass: 

m+1): 245 

Compound PHO 2: Diethyl hydroxyl (4-methyl phenyl) 

methyl phosphonates:  

1H NMR (400 MHz, CDCl3) δ ppm: 7.16-7.37 (m, 4H, 

Ar-H), 4.95-4.98 (d, 1H, J=10.4 Hz, CH-PO-), 3.93-4.09 

(m, 4H, OCH2), 2.34 (s, 3H, Ar-CH3), 1.20-1.29 (m, 6H, 

OCH2CH3), (Mass: m+1): 259 

Compound PHO 4: Diethyl hydroxyl (4-methoxy 

phenyl) methyl phosphonates:  

1H NMR (400 MHz, CDCl3) δ ppm: 6.89-7.41 (m, 4H, 

Ar-H), 4.93-4.96 (d, 1H, J=10Hz, CH-PO-), 3.91-4.10 

(m, 4H, OCH2), 3.81 (s, 3H, OCH3), 1.20-1.30 (m, 6H, 

OCH2CH3) 

Compound PHO 5: Diethyl hydroxyl (3-nitro phenyl) 

methyl phosphonates: 

1H NMR (400 MHz, CDCl3,) δ ppm: 7.53-8.37 (m, 4H, 

Ar-H), 5.13-5.16 (d, 1H, J=11.2 Hz, CH-PO-), 4.08-4.14 

(m, 4H, OCH2), 3.59 (s, 1H, OH), 1.25-1.57 (m, 6H, 

OCH2CH3) 

Compound PHO 6: Diethyl hydroxyl (2-fluoro phenyl) 

methyl phosphonates: 

1H NMR (400 MHz, CDCl3,) δ ppm: 7.02-7.68 (m, 4H, 

Ar-H), 5.36-5.39 (d, 1H, J=11.2 Hz, CH-PO-), 3.99-4.22 

(m, 4H, OCH2), 1.21-1.31 (m, 6H, OCH2CH3) 
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Compound PHO 7: Diethyl hydroxyl (4-fluoro phenyl) 

methyl phosphonates:  

1H NMR (400 MHz, CDCl3,) δ ppm: 7.44-7.48 (m, 2H, 

Ar-H), 7.02-7.07 (m, 2H, Ar-H), 4.98-5.01 (d, 1H, 

J=10.4 Hz, CH-PO-), 3.97-4.10 (m, 4H, OCH2), 1.21-

1.29 (m, 6H, OCH2CH3) 

Compound PHO 8: Diethyl hydroxyl (4-chloro phenyl) 

methyl phosphonates:  

1H NMR (400 MHz, CDCl3,) δ ppm: 7.23-7.46 (m, 4H, 

Ar-H), 4.81-4.79 (d, 1H, J=10.8 Hz, CH-PO-), 3.99-4.26 

(m, 4H, OCH2), 1.24-1.35 (m, 6H, OCH2CH3)  

 

 

 

Result and Discussions: 

An efficient and environmentally benign neat one pot 

synthesis of α -hydroxy phosphonates by reaction of 

aromatic aldehyde and diethyl phosphite were grinded in 

presence of Li2CO3 as a catalyst. In order to optimize 

experimental condition, we carried out reaction of 3-nitro 

benzaldehyde and diethyl phosphite in presence of 

different amount of catalyst Li2CO3 (Table 2). Excellent 

result was obtained when reaction was performed with 

1.5 mol eq. of Li2CO3 which indicated in Table 2, entry 

2. With further increase in amount of catalyst 2.0 mol eq. 

we observed that there is no increase in yield of product 

which shown in Table 2, entry 3. from above 

observations we synthesized all other derivatives with 

1.5 mol eq. amount of catalyst Li2CO3. From the above 

observation, it was clear that amount of catalyst affects 

the yield of product. 

Table  2 effect of catalyst on synthesis of α -hydroxy phosphonates.a 

Entry Catalyst (mole eq.) Time (min.) bYield (%) 

1 1.0 15 80 

2 1.5 10 96 

3 2.0 10 96 

4 2.5 10 94 

5 - overnight 0 

aReaction of  3-nitro benzaldehyde (1.0 mol eq.) and diethyl phosphite (1.0 mol eq.) under neat condition at R.T. bisolated 

yield. 

 

In the absence of Li2CO3, the mixture was ground for 10 

min and kept for overnight, the yield of the 

corresponding α-hydroxy phosphonates was 0 %. While 

in the presence of Li2CO3, the yield of the α -hydroxy 

phosphonates was 96 %. It indicated that Li2CO3 was 

important to the reaction. On the basis of these results, 

we performed series of experiments for synthesis of 

different α-hydroxy phosphonates in presence of 1.5 mol 

eq. amount of catalyst Li2CO3. 

 

 

 

Antimicrobial activities: 

 All the above compounds were 

screened for Antimicrobial activities [35]. The 

Antibacterial activity of compound (PHO 1-13) was 

tested against the growth of Staphylococcus aureus 

(ATCC 6538) (gram +ve) and Escherichia coli (ATCC 

25922) (gram –ve) by Agar well diffusion method at 

concentration 100mg/ml and results were summarized in 

table 3. Streptomycin was used as the standard 

compound. The compounds (PHO 1-13) showed 

moderate activity against Staphylococcus aureus and 

Escherichia coli. The highlight is that the six compounds 

(PHO 8-13) were more effective. 
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Table 3 Antibacterial activity of compound α-hydroxy phosphonates. 

Sr. No. 

 

Compound Test pathogen (zone of inhibition in mm) 

 

E. coli S. aureus 

1 PHO 1 14±0.40 12 

2 PHO 2 12 18±0.44 

3 PHO 3 11 12 

4 PHO 4 11 NA 

5 PHO 5 12 15±0.44 

6 PHO 6 NA 15±0.44 

7 PHO 7 12 NA 

8 PHO 8 20±0.48 24±0.50 

9 PHO 9 20±0.48 20±0.48 

10 PHO 10 18±0.44 15±0.40 

11 PHO 11 18±0.44 15±0.40 

12 PHO 12 18±0.44 15±0.40 

13 PHO 13 24±0.50 NA 

14 Streptomycin* 28±0.51 28±0.51 

(Zone of inhibition <15 is non-significant; NA: No activity. The values are average of triplicates;  

       The significant values are highlighted.) Standard*, Conc. of compound 100 mg/ml, Conc. of Standard 10 mg/ml 

E. coli 
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S. aureus 

 

 

 

 

 

 

 

 

The compounds (PHO 1-13) were also screened for 

antifungal activity [35] against Candida albicans (ATCC 

10231) and Aspergillus niger (ATCC 96422) along with 

the standard fungicide Flucanazole and Griseofulvin by 

Agar well diffusion method at concentration 100mg/ml 

and results were summarized in table 4. It is observed 

that the four compounds (PHO 1, PHO 8, PHO 9, PHO 

11) shows moderate activity but all other compounds do 

not show activity against both the fungi.

 

Table 4 Antifungal activity of compound α-hydroxy phosphonates. 

Sr. No. Compound Test pathogen (zone of inhibition in mm) 

 

C. albicans A. niger 

1 PHO 1 NA 15±0.40 

2 PHO 2 NA NA 

3 PHO 3 NA NA 

4 PHO 4 NA NA 

5 PHO 5 NA NA 

6 PHO 6 NA NA 

7 PHO 7 NA NA 

8 PHO 8 18±0.51 22±0.49 

9 PHO 9 16±0.44 14 

10 PHO 10 NA 12 

11 PHO 11 NA 15±0.40 

12 PHO 12 NA NA 

13 PHO 13 NA NA 

14 Standard  32±0.62a 30±0.61b 
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        (Zone of inhibition <15 is non significant; NA: No activity. The values are average of triplicates; The significant 

values are highlighted.) Standard: Flucanazolea and Griseofulvinb ,Conc. of compound 100 mg/ml, Conc. of Standard 10 

mg/ml 

 

C. albicans 

 

 

 

  

 

 

 

A. niger 

 

 

 

 

  

 

  

 

Conclusions: 

 We have described a convenient 

method for the preparation of α-hydroxy phosphonates 

by modified Pudovik reaction using green synthetic 

methodology by grinding method in presence of catalyst 

Li2CO3. The catalyst is easily available, inexpensive and 

efficient for synthesis of α-hydroxy phosphonates and its 

derivatives. The incredible advantages of this method are 

operationally simple, mild reaction conditions, good 

yield, easy work-up and making it eco-friendlier 

alternative route to currently existing protocols. 
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