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Abstract. Microwave promoted easy, efficient and environment friendly procedure has been devised for the synthesis of 

α-aminophosphonates in high yields through a one-pot three-component condensation (Kabachnik-Fields reaction) of the 

amine, substituted aldehydes and triethylphophite under catalyst free, solvent free conditions. The newly synthesized 

compounds were characterized by NMR (
31

P,
 1

H and
 13

C), Mass, IR and C, H, N analyses. All the newly synthesized 

compounds were screened for their antibacterial and antifungal activities. Majority of the compounds showed good 

activity against both bacterial and fungal strains.  

Keywords — microwave irradiation, α-aminophosphonates, Kabachnik-Fields reaction,  antibacterial and antifungal 

activities 

I. INTRODUCTION 

Organophosphorus compounds have been 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.
1-5

 α-Aminophosphonates have been the focus 

of attention in recent years because of their structural 

analogy to the corresponding α-amino acids. These 

molecules have found a wide range of applications in the 

areas of industrial, biological and medicinal chemistry as 

inhibitors of synthase, HIV protease,
6a

 anti-thrombotic 

agents,
6b

 insecticides,
6c

 plant growth regulators
6d,e

 

antitumor,
6f

 antiviral,
6g,h,i

 antibacterial,
6j

 antifungal,
6k

 anti-

HIV,
6l

 anti-inflammatory
6m

 antioxidant
6n

 and herbicidal 

activities.
6o

 

Hence a large number of synthetic routes have been 

developed for the synthesis and evolution of bioactivity of α-

aminophosphonates and their derivatives. Kabachnik-Field’s 

reaction is one of the most versatile pathways for the 

formation of carbon-phosphorus bonds. It involves one pot 

three component reaction of aldehyde, amine and dialkyl 

phosphite
7
 or trialkylphosphite.

8
 Recently several reports 

are published describing the synthesis of α-

aminophosphonates via Kabachnik-Fields reaction using 

Lewis acids,
9
 Bronsted acids,

10
 solid acids,

11
 bases,

12
 nano 

catalysts
13

 and other catalysts.
14

Although these approaches 

are satisfactory for a one-pot synthesis of α-

aminophosphonates, they suffer from at least one of the 

following drawbacks such as long reaction times, low 

yields of the products requiring stoichiometric amounts of 

catalysts, excess amounts of phosphorus compounds or use 

of additives. In recent years, microwave assisted organic 

syntheses have gained enormous attention of the chemists 

due to their advantages such as shorter reaction times, 

cleaner products, operational simplicity, higher yields and 

being a potential alternative to accomplish the effective 

synthesis of heterocyclic bioactive compounds.
15 

Solvent-

free reaction condition has been demonstrated to be an 

efficient technique for various organic reactions. It often 

leads to a remarkable decrease in reaction time, increased 

yields, easier workup, enhancement of regio and stereo 

selectivity of reaction matches with the green chemistry 

protocol.
16 

By considering the above facts and in continuation of our 

studies towards developing new methods for the synthesis 

of α-aminophosphonates, we decided to explore the 

possibility of implementing a one-pot three-component 

reaction for the preparation of α-aminophosphonates. 

II. EXPERIMENTAL DETAILS 

The chemicals are procured from Sigma-Aldrich, Merck 

and Lancaster were used as such without further 

purification. The reagent grade solvents were used for 

spectroscopic and other physical studies and were further 

purified employing the reported methods. The melting 

points were determined in open capillary tubes on a Guna 

Digital Melting Point apparatus and are  uncorrected. The 
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31
P, 

1
H, 

13
C and NMR Spectra were recorded on Bruker 

AMX spectrometer operating at 161.9 MHz for 
31

P, 400 

MHz for 
1
H and 100 MHz for 

13
C NMR. All compounds 

were dissolved in DMSO-d6 and chemical shifts were 

referenced to TMS (
1
H and 

13
C NMR) and 85% H3PO4 (

31
P 

NMR) and Mass spectra were recorded on API 2000 

Perkin-Elmer PE-SCIEX Mass spectrometer. Micro-

analytical data were obtained from University of 

Hyderabad, Hyderabad, India. 

Procedure for the synthesis of α-aminophosphonates 4a-j 

A mixture of benzaldehyde (0.01 mol), 2, 4-dichloroaniline 

(0.01 mol), triethyl phosphite (0.02  mol) were taken in 

flat-bottomed flask and irradiated with microwave 

radiations in a microwave oven at 490 Watts. The reaction 

mixture was heated consecutively two times for 2-3 min 

period each time followed by a 1 min cooling interval 

between irradiations. To avoid the continuous overheating 

of the reactants, this method was proposed. In order to 

maintain the homogeneity of the irradiating field 

throughout the reaction, the reaction mixture was kept 

under stirring. The progress of the reaction was monitored 

by TLC on silica gel using ethyl acetate-hexane (6:4 v/v). 

After complection of the reaction, the solvent was removed 

under reduced pressure to get  the crude product. The 

resulting crude product was purified by column 

chromatography on silica gel (100-200 mesh) using ethyl 

acetate-hexane (1:1) as eluent to get pure diethyl (2,4-

dichlorophenylamino)(phenyl)methylphosphonate (4a). 

The remaining compounds 4b-j were prepared by adapting 

to the above described procedure. The synthetic protocol 

for the title compounds is presented in Scheme 1. 

Physical, analytical and spectral data for the compounds 

(4a-j) 

Diethyl (2,4-dichlorophenylamino)(phenyl)methylphospho-

nate (4a): Semi solid.; 
31

P NMR spectrum (DMSO-d6): δ 

17.0 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): δ 

8.17-6.42 (m, 8H, Ar-H), 5.28 (s, 1H, C-NH), 4.48 (d, 1H, 

P-CH), 4.02 (m, 4H, O-CH2CH3), 1.21 (t, J = 7.2 Hz, 6H, 

O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-d6): δ 

143.1, 138.3, 131.9, 129.7, 128.8, 126.8, 125.5, 123.6, 

123.1, 114.3, 63.7, 56.7, 16.8; IR (KBr) (νmax cm
-1

): 3328 

(NH), 742 (P-Caliphatic), 1220 (P=O); LCMS (m/z, %): 388 

(M+H
+
,
 

100), 390 (M+2,
 

64); Anal. Calcd for 

C17H20Cl2NO3P: C, 52.59; H, 5.19; N, 3.61%; found: C, 

52.65; H, 5.10; N, 3.66%. 

diethyl (2,4-dichlorophenylamino)(4-fluorophenyl)methyl-

phosphonate (4b): Semi solid. 
31

P NMR spectrum (DMSO-

d6): δ 17.8 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 7.95-6.42 (m, 7H, Ar-H), 5.29 (s, 1H, C-NH), 4.51(d, 1H, 

P-CH), 4.09 (m, 4H, O-CH2CH3), 1.26 (t, J = 7.2 Hz, 6H, 

O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-d6): δ 

162.1, 143.1, 131.9, 129.7, 128.8, 126.8, 125.5, 117.2, 

114.3, 63.9, 56.8, 16.8; IR (KBr) (νmax cm
-1

): 3343 (NH), 

762 (P-Caliphatic), 1228 (P=O); LCMS (m/z, %): 406 (M+H
+
,
 

100); Anal. Calcd for C17H19Cl2FNO3P: C, 50.26; H, 4.71; 

N, 3.45%; found: C, 50.32; H, 4.79; N, 3.51%. 

diethyl (2,4-dichlorophenylamino)(4-nitrophenyl)methyl-

phosphonate (4c): Semi solid. 
31

P NMR spectrum (DMSO-

d6): δ 18.6 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 8.17-6.42 (m, 8H, Ar-H), 5.28 (s, 1H, C-NH), 4.59 (d, 

1H, P-CH), 4.09 (m, 4H, O-CH2CH3), 1.27 (t, J = 7.2 Hz, 

6H, O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-

d6): δ 147.1, 143.3, 138.3, 129.7, 128.8, 126.8, 125.5, 

123.6, 123.1, 114.3, 63.7, 56.7, 16.8; IR (KBr) (νmax cm
-1

): 

3354 (NH), 753 (P-Caliphatic), 1227 (P=O); LCMS (m/z, %): 

433 (M+H
+
,
 

100), 435 (M+2,
 

64); Anal. Calcd for 

C17H19Cl2N2O5P: C, 47.13; H, 4.42; N, 6.47%; found: C, 

47.25; H, 4.35; N, 6.54%. 

diethyl (2,4-dichlorophenylamino)(4-methoxyphenyl)-

methylphosphonate (4d): Semi solid. 
31

P NMR spectrum 

(DMSO-d6): δ 16.7 ppm; 
1
H NMR spectrum (400 MHz, 

DMSO-d6): δ 8.04-6.42 (m, 7H, Ar-H), 5.40 (s, 1H, C-

NH), 4.59 (d, 1H, P-CH), 4.01 (m, 4H, O-CH2CH3), 3.42 

(s, 1H, OCH3), 1.30 (t, J = 7.2 Hz, 6H, O-CH2CH3); 
13

C 

NMR spectrum (100 MHz, DMSO-d6): δ 155.4, 143.3, 

129.7, 128.8, 127.6, 126.8, 125.5, 123.6, 123.1, 114.3, 

63.5, 57.2, 56.4, 16.6; IR (KBr) (νmax cm
-1

): 3327 (NH), 

740 (P-Caliphatic), 1221 (P=O); LCMS (m/z, %): 418 (M+H
+
,
 

100), 420 (M+2,
 
64); Anal. Calcd for C18H22Cl2NO4P: C, 

51.69; H, 5.30; N, 3.35%; found: C, 51.75; H, 5.35; N, 

3.28%. 

diethyl (4-chlorophenyl)(2,4-dichlorophenylamino)methyl-

phosphonate (4e): Semi solid. 
31

P NMR spectrum (DMSO-

d6): δ 17.6 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 7.94-6.43 (m, 7H, Ar-H), 5.42 (s, 1H, C-NH), 4.55 (d, 

1H, P-CH), 4.03 (m, 4H, O-CH2CH3), 1.26 (t, J = 7.2 Hz, 

6H, O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-

d6): δ 145.6, 136.3, 134.7, 129.8, 128.5, 127.6, 126.8, 

125.5, 123.6, 123.1, 114.3, 63.7, 56.5, 16.7; IR (KBr) (νmax 

cm
-1

): 3367 (NH), 755 (P-Caliphatic), 1225 (P=O); LCMS 

(m/z, %): 422 (M+H
+
,
 
100), 424 (M+2,

 
96), 426 (M+4,

 
31); 

Anal. Calcd for C17H19Cl3NO3P: C, 48.31; H, 4.53; N, 

3.31%; found: C, 48.39; H, 4.58; N, 3.26%. 

(E)-diethyl 1-(2,4-dichlorophenylamino)-3-phenylallyl-

phosphonate (4f): Semi solid. 
31

P NMR spectrum (DMSO-

d6): δ 16.4 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 7.94-6.43 (m, 8H, Ar-H), 6.42 (d, 1H, Ar-CH=CH-), 6.05 

(m, 1H, Ar-CH=CH-), 5.35 (s, 1H, C-NH), 4.42 (d, 1H, P-

CH), 4.01 (m, 4H, O-CH2CH3), 1.23 (t, J = 7.2 Hz, 6H, O-

CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-d6): δ 

144.1, 136.3, 132.4, 129.8, 128.5, 127.6, 127.2, 126.8, 

125.5, 123.6, 123.1, 114.3, 63.7, 56.4, 16.7; IR (KBr) (νmax 

cm
-1

): 3352 (NH), 749 (P-Caliphatic), 1224 (P=O); LCMS 

(m/z, %): 414 (M+H
+
,
 
100), 416 (M+2,

 
64); Anal. Calcd for 

C19H22Cl2NO3P: C, 55.09; H, 5.35; N, 3.38%; found: C, 

55.16; H, 5.48; N, 3.31%. 

diethyl (2,4-dichlorophenylamino)(3-nitrophenyl)methyl-

phosphonate (4g): Semi solid. 
31

P NMR spectrum (DMSO-
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d6): δ 17.7 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 8.14-6.65 (m, 7H, Ar-H), 5.42 (s, 1H, C-NH), 4.74 (d, 

1H, P-CH), 4.02 (m, 4H, O-CH2CH3), 1.19 (t, J = 7.2 Hz, 

6H, O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-

d6): δ 149.2, 144.5, 136.3, 132.4, 129.8, 128.5, 127.6, 

126.8, 125.5, 123.6, 123.1, 114.3, 63.7, 56.4, 16.7; IR 

(KBr) (νmax cm
-1

): 3379 (NH), 761 (P-Caliphatic), 1229 

(P=O); LCMS (m/z, %): 433 (M+H
+
,
 
100), 435 (M+2,

 
64); 

Anal. Calcd for C17H19Cl2N2O5P: C, 47.13; H, 4.42; N, 

6.47%; found: C, 47.19; H, 4.36; N, 6.49%.  

diethyl (3-chlorophenyl)(2,4-dichlorophenylamino)methyl-

phosphonate (4h): Semi solid. 
31

P NMR spectrum (DMSO-

d6): δ 18.4 ppm; 
1
H NMR spectrum (400 MHz, DMSO-d6): 

δ 8.15-6.64 (m, 7H, Ar-H), 5.41 (s, 1H, C-NH), 4.72 (d, 

1H, P-CH), 4.02 (m, 4H, O-CH2CH3), 1.18 (t, J = 7.2 Hz, 

6H, O-CH2CH3); 
13

C NMR spectrum (100 MHz, DMSO-

d6): δ 149.2, 136.3, 133.5, 132.4, 129.8, 128.5, 127.6, 

126.8, 125.5, 123.6, 123.1, 114.3, 63.7, 56.4, 16.7; IR 

(KBr) (νmax cm
-1

): 3341 (NH), 758 (P-Caliphatic), 1227 

(P=O); LCMS (m/z, %): 422 (M+H
+
,
 
100), 424 (M+2,

 
96), 

424 (M+4,
 
31); Anal. Calcd for C17H19Cl3NO3P: C, 48.31; 

H, 4.53; N, 3.31%; found: C, 47.19; H, 4.36; N, 6.49%.  

diethyl (2,4-dichlorophenylamino)(5-nitrothiophen-2-yl)-

methylphosphonate (4i): Semi solid. 
31

P NMR spectrum 

(DMSO-d6): δ 19.2 ppm; 
1
H NMR spectrum (400 MHz, 

DMSO-d6): δ 8.23-6.63 (m, 5H, Ar-H), 5.47 (s, 1H, C-

NH), 4.76 (d, 1H, P-CH), 4.03 (m, 4H, O-CH2CH3), 1.18 (t, 

J = 7.2 Hz, 6H, O-CH2CH3); 
13

C NMR spectrum (100 

MHz, DMSO-d6): δ 152.4, 149.2, 144.3, 129.8, 128.5, 

127.6, 125.5, 123.6, 123.1, 114.4, 63.8, 56.8, 16.9; IR 

(KBr) (νmax cm
-1

): 3347 (NH), 746 (P-Caliphatic), 1232 

(P=O); LCMS (m/z, %): 439 (M+H
+
,
 
100); Anal. Calcd for 

C15H17Cl2N2O5PS: C, 41.02; H, 3.90; N, 6.38%; found: C, 

41.10; H, 3.84; N, 6.44%.  

diethyl (2,4-dichlorophenylamino)(6-methoxypyridin-2-

yl)methylphosphonate (4j): Semi solid. 
31

P NMR spectrum 

(DMSO-d6): δ 19.5 ppm; 
1
H NMR spectrum (400 MHz, 

DMSO-d6): δ 8.15-6.65 (m, 6H, Ar-H), 5.45 (s, 1H, C-

NH), 4.73 (d, 1H, P-CH), 4.01 (m, 4H, O-CH2CH3), 3.45 

(s, 1H, OCH3), 1.18 (t, J = 7.2 Hz, 6H, O-CH2CH3); 
13

C 

NMR spectrum (100 MHz, DMSO-d6): δ 162.4, 154.6, 

144.3, 137.3, 129.8, 128.5, 127.6, 125.5, 123.6, 123.1, 

114.4, 63.8, 56.8, 53.3, 16.9; IR (KBr) (νmax cm
-1

): 3338 

(NH), 753 (P-Caliphatic), 1223 (P=O); LCMS (m/z, %): 419 

(M+H
+
,
 

100), 421 (M+2,
 

64); Anal. Calcd for 

C17H21Cl2N2O4P: C, 48.70; H, 5.05; N, 6.68%; found: C, 

48.76; H, 5.01; N, 6.74%.  

III. BIOLOGICAL ACTIVITY 

Antibacterial Activity 

The bacterial strains Bacillus subtilis (ATCC-23857), 

Staphylococcus aureus (ATCC-19433) (Gram positive) and 

Escherichia coli (ATCC-10148), Klebsiella pneumoniae 

(ATCC-31488) (Gram negative) were selected to screen the 

antibacterial activity of the title compounds by using agar 

well diffusion method.
17

 Penicillin was used as a standard 

drug for antibacterial studies. A standard inoculums of 1.2 

× 10
-7

 c.f.u/mL (0.5 McFarland standards) was introduced 

on to the surface of sterile agar plates, and a sterile glass 

spreader was used for even distribution of the inoculums. 

Discs measuring 6mm in diameter were prepared from 

Whatman No. 1 filter paper and sterilized by dry heat at 

140 °C for an hour. The dry sterilized discs soaked in a 

known concentration (100 𝜇g/mL) of the test compounds 

were placed in nutrient agar medium. Blank test showed 

that DMSO used in the preparation of the test solutions 

does not affect the bacteria. The plates after inoculation 

were inverted and incubated for 24 h at 37 °C. The zone of 

inhibition around the disc which was calculated edge to 

edge zone of the confluent growth usually corresponds to 

the sharpest edge of the zone and was measured in 

millimeters. All tests were repeated three times and average 

data was taken as final result. Minimum inhibitory 

concentrations (MICs) were also determined by microbroth 

dilution technique. Specifically 0.1mL of standardized 

inoculum (1.2 × 10
-7

  c.f.u/mL) was added to test tubes and 

incubated for 24 h at 37 °C and two controls were 

maintained for each test sample. The growth was monitored 

visually and spectrophotometrically. The lowest 

concentration (highest dilution) required to arrest the 

growth of bacteria was regarded as minimum inhibitory 

concentration (MIC) (Table 4). 

Antifungal bioassay 

The fungal strains
 

Helminthosporium oryzae (ATCC 

11000) and Aspergillus niger (ATCC 16404) were selected 

to screen the antifungal activity of the newly synthesized 

compounds by agar disc-diffusion method.
18

 The fungal 

strains were maintained on potato dextrose agar (PDA) 

medium (Hi-Media). A loop full of culture from the slant 

was inoculated into the potato dextrose broth and incubated 

at 37 ºC for 48-72 h. 0.1 mL of this culture was spread on 

the potato dextrose agar plate using a sterile glass spreader  

for even spreading of the inoculum. Sterile discs of 

Whatmann No.1 filter paper of about 6 mm diameter were 

impregnated on the surface of the media. All the 

compounds were dissolved in dimethyl sulfoxide (DMSO). 

Sterile discs of Whatman No. 1 filter paper of about 6mm 

diameter were dried and soaked in 100 𝜇g/mL 

concentration of the test samples. The soaked discs were 

impregnated on the surface of the media and incubated for 

48–72 h at 37 ºC. Blank test showed that DMSO used in 

the preparations of the test solutions does not affect the test 

fungi. The zone of inhibition around the disc was the 

calculated edge to edge zone of the confluent growth which 

usually corresponds to the sharpest edge of the zone and 

was measured in millimeters. All tests were repeated three 

times and average data was taken as final result. 

Griseofulvin was used as a standard drug for antifungal 

study. Minimum Inhibitory Concentration (MIC) of the 

tested samples was determined by micro-broth-dilution 

method [27–29]. Specifically 0.1mL of standardized 
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inoculum (1-2 × 107 c.f.u/mL) was added to each test tube. 

The tubes were incubated aerobically at 37 ºC for 48–72 h. 

Control was maintained for each test sample. The lowest 

concentrations (highest dilution) of test compound that 

produced no visible signs of fungal growth (no turbidity) 

when compared with the control tubes were regarded as 

MICs (Table 5). 

IV. RESULTS AND DISCUSSION 

Chemistry 

In this letter, we report an efficient and environmentally 

benign protocol for the synthesis of α-aminophosphonates 

by the reaction of 2, 4-dichloroaniline (0.01 mol), various 

aldehydes (0.01 mol) and  triethyl phosphite (0.02  mol) 

under solvent-free conditions at room temperature using 

microwave radiation at 490W via Kabachnik-Fields 

reaction (Scheme 1).  

Cl

NH2

Cl

R C

O

H
P(OC2H5)3

Cl

NH

Cl

R P
O

O
O

Compd R Compd R

4a

4b

4c HCHC

4d

4e

4f

OCH3

Cl

NO2

1 2a-f 3 4a-f

F

NO2

Compd R

4g

4h

4i

Cl

F

Cl

Cl

4j

Cl

Catalyst free
Solvent free

Ultrasonication

Scheme 1: Synthesis of some novel α-aminophosphonates (4a-j) 

To optimize the reaction conditions, the reaction was 

demonstrated with models such as 2, 4- dichloroaniline 

(0.01 mol), various aldehydes (0.01 mol) and  triethyl 

phosphite (0.02  mol).  It was observed that, the reaction 

proceeded efficiently to afford the corresponding α-

aminophosphonate within shorter time (10 min.) at room 

temperature (Table 1, entry 3). The products were purified 

through recrystallization without applying any 

chromatographic technique. This avoids use of large 

quantities of volatile organic solvents usually required for 

work-up and purification in many existing procedures. 

Further, the reaction was carried out with and without 

solvents at room temperature exclusive of exposing to 

microwave radiations, only traces of the product were 

observed even after 24 h (Table 1, entry 1-2). In the 

absence of microwave radiations increased temperature 

also could not enhance the yield of the product (Table 1, 

entry 5-6). Obviously, the use of microwave radiations 

under solvent free condition might be the key factor to the 

high efficiency of the one-pot reactions.  

Entry Reaction Condition Solvent Time Yielda 

(%) 

1 Room temperature without 

Microwave irradiation 

THF 24h Traces 

2 Room temperature without 

Microwave irradiation 

No 

solvent 

24h Traces 

3 Room temperature with 

Microwave irradiation 

No 

solvent 

10 

min 

90 

4 Room temperature with 

Microwave irradiation 

THF 10 

min 

72 

5 Reflux without Microwave 

irradiation 

No 

solvent 

3h 20 

6 Reflux without Microwave 

irradiation 

THF 3h 35 

 

Table 1. Reaction of 2, 4- dichloroaniline, benzaldehyde 

and  triethyl phosphite under different reaction conditions 
                          a

Isolated Yield 

Further, we studied the effect of solvents on model 

reaction. Here, we used solvents like THF, methanol, 

dichloromethane, toluene hexane, acetonitrile and ethanol. 

The scrutiny revealed that in all the solvents the yields of 

the products were found to be 58-75% (Table 2, entry 2-8) 

after 3h. When we compared these results with the results 

obtained under solvent free condition, the later condition 

proved to be better reaction condition to obtain high yield 

(90%) of the product (Table 2, entry 1). 

Table 2: Effect of Solvents on the condensation of 2, 4-

dichloroaniline, various aldehydes and  triethylphosphite 

under microwave irradiation 

Entry Solvent Time (min) Yield
a
 (%) 

1 Solvent-free 10 90 

2 Tetrahydrofuran (THF) 10 72 

3 Methanol 10 74 

4 Dichloromethane 10 69 

5 Toluene 10 70 

6 Hexane 10 58 

7 Acetonitrile 10 73 

8 Ethanol 10 75 
                                                     a

Isolated Yield 

After optimizing the conditions, the generality of this 

method for the synthesis of α-aminophosphonates (4a-j) 

(Scheme 1) was examined by the reaction of several 

aromatic and heterocyclic aldehydes (3b-j), amine (2) and 

triethyl phosphite (4) using irradiation radiation under 

solvent free conditions and the results were summarized in  

 

 

 

 

Table 3. Microwave assisted synthesis of α-

aminophosphonates (4a-j) under solvent free and catalyst 

free conditions 

Compd Structure Time Yield
a
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(min) 

4a 

Cl

NH

Cl

P
O

O
O

 

10 96 

4b 

Cl

NH

Cl

P
O

O
O

F

 

12 95 

4c 

Cl

NH

Cl

P
O

O
O

O2N

 

12 97 

4d 

Cl

NH

Cl

P
O

O
O

H3CO

 

15 89 

4e 

Cl

NH

Cl

P
O

O
O

Cl

 

10 92 

4f 

Cl

NH

Cl

P
O

O
O

 

10 90 

4g 

Cl

NH

Cl

P
O

O
O

O2N

 

18 92 

4h 

Cl

NH

Cl

P
O

O
O

Cl

 

14 92 

4i 

Cl

NH

Cl

P
O

O
O

S
O2N

 

11 93 

4j 

Cl

NH

Cl

P
O

O
O

NH3CO

 

15 91 

 
a
Isolated Yield 

The chemical structure of the title compounds 4a-j were 

characterized by spectral data (
31

P, 
1
H and 

13
C NMR, IR 

and LC-MS), elemental analysis and the results were 

presented in experimental section. 
31

P NMR signals were 

observed in the region 19.5-16.4 ppm for all the 

compounds 4a–j. The 
1
H NMR spectra gave signals as 

multiplet due to Ar-H in the range of δ 8.23-6.42 ppm. The 

proton signals in the range of 5.47-5.28 and 4.76-4.48 ppm 

were due to  C-NH and P-CH respectively. The methylene 

protons of P-O-CH2CH3 gave a multiplet and methyl 

protons of P-O-CH2CH3 resonated as a triplet in the region 

δ 4.09-4.01 and δ 1.30-1.18 respectively for the compounds 

4a-j. 
13

C NMR chemical shift for P-CH, methylene and 

methyl carbons were observed in the region 56.8-56.4, 

63.8-63.5 and 16.9-16.6 ppm respectively for the 

compounds 4a-j. IR absorptions in the regions 3399-3380, 

1502-1485 and 1248-1225 cm
-1

 were assigned to indazole-

NH, NH and P=O stretching vibrations respectively for the 

compounds 4a-j. In their mass spectra, M
+.

 ions were 

observed in the expected m/z values.  

Biological activity 

Antibacterial Activity 

Two Gram positive bacterial strains (Bacillus subtilis, 

Staphylococcus aureus) and Two Gram negative bacterial 

strains (Escherichia coli, Klebsiella pneumoniae) were 

selected to screen the antibacterial activity of the title 

compounds by using agar well diffusion method.
17

 

Penicillin was used as a standard drug for antibacterial 

studies. Minimum inhibitory concentrations (MICs) were 

also determined by microbroth dilution technique. All title 

compounds showed promising activity against the bacterial 

strains at 100 μg/mL concentration. 

Especially the compound 4b (MIC= 10-25 𝜇g/mL) bearing 

4-fluorophenyl moiety and 4i (MIC= 10-15 𝜇g/mL) bearing 

5-nitrothiophen-2-yl  moiety showed slightly higher ZOI 

against all bacterial strains when compared with the 

standard drug. The compounds 4c,  bearing with 4-

nitrophenyl moiety; 4e, bearing 4-chlorophenyl moiety; 4h 
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bearing 3-chlorophenyl moiety and 4j bearing with 6-

methoxypyridin-2-yl moiety exhibited good activity against 

all bacterial strains. The remaining compounds showed 

moderate activity when compared with standard 

bactericide.  

Table 4. Antibacterial activity of  α-aminophosphonates 

(4a-j) 

Compd. Gram positive bacteria Gram negative bacteria 

B. subtilis S. aureus E. coli K. 

pneumoniae 

ZOIb MIC ZOIb MIC ZOIb MIC ZOIb MIC 

4a 11.3 2 6.3 35 8.3 75 8.1 80 

4b 16.9 10 11.2 15 12.9 15 15.6 25 

4c 14.7 15 9.5 25 12.2 20 14.8 20 

4d 11.5 20 8.2 15 10.3 35 7.3 50 

4e 15.2 12 10.5 15 13.4 18 13.8 15 

4f 9.3 30 6.7 50 10.6 45 11.4 55 

4g 12.8 25 7.9 35 9.9 30 14.6 20 

4h 14.8 15 8.7 15 9.4 25 12.8 25 

4i 16.4 10 11.5 12 12.9 15 16.2 10 

4j 14.3 15 9.4 25 10.1 30 13.8 25 
aStd. 16.1 4 10.4 6 12.3 5 15.2 4 

Control 

(DMSO) 

- - - - - - - - 

a
Std.: Penicillin 

b
Concentration of compounds at 100 𝜇g/mL. 

ZOI: zone of inhibition in mm. 

Antifungal Activity 

All the synthesized compounds were screened for their 

antifungal activity against two fungal strains 

Helminthosporium oryzae and  Aspergillus niger by agar 

disc-diffusion method.
18

 Especially the compound 4b 

(MIC= 10-15 𝜇g/mL) bearing 4-fluorophenyl moiety 

showed slightly higher ZOI against all fungal strains when 

compared with the standard drug. The compounds 4e, 

substituted with 4-chlorophenyl group; 4h, substituted with 

3-chlorophenyl group and 4i bearing with 5-nitrothiophen-

2-yl moiety exhibited good antifungal activity against all 

fungal strains. 

Table 5. Antifungal activity of  α-aminophosphonates  

(4a-j) 

Compd Fungal strains 

H. oryzae A. niger 

ZOI
b
 MIC ZOI

b
 MIC 

4a 8.3 40 9.8 24 

4b 13.2 15 13.9 10 

4c 7.7 50 9.2 30 

4d 5.2 80 6.6 75 

4e 12.1 18 12.5 15 

4f 7.8 45 8.3 40 

4g 9.6 30 7.8 35 

4h 11.9 20 12.2 18 

4i 11.5 25 12.0 20 

4j 10.1 27 10.7 25 
a
Std. 12.2 5 12.9 5 

Control - - - - 

(DMSO) 
      a

 Std
.
:
 
Griseofulvin 

       b
Concentration of compounds at 100 𝜇g/mL; ZOI: zone 

of inhibition in mm. 

V. CONCLUSION 

In conclusion, a series of new α-aminophosphonates were 

synthesized in high yields under solvent free and catalyst 

free condition using microwave irradiation via Kabachnik-

Field’s reaction. All the newly synthesized compounds 

were screened in vitro for their antibacterial and antifungal 

activity against four bacterial strains and two fungal strains. 

The compounds 4b, 4e, 4h, 4i and 4j showed potent 

activity against both bacterial and fungal strains. The high 

activity of the compounds might be due to the presence of 

electron with substituents like F, Cl and NO2 and pyridine 

moiety. 
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