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Experimental Details 

 
General Information: The spectra were recorded with the following instruments; IR: 

FT-IR spectrophotometer, NMR: 200 MHz (
1
H) and 50 MHz (

13
C) spectrometers; 

ESIMS: Ion trap mass spectrometer and ESIHRMS: Hybrid MS system. Column 

chromatography was performed with silica gel (100-200 mesh) and TLC with silica gel 

precoated plates. Visualization was accomplished with UV lamp or stains. Organic 

extracts were dried over anhydrous Na2SO4. All chemicals used were commercially 

available. 

General Experimental Procedure: To mixture of a nitro compound (1.0 mmol), indium 

powder (325 mesh, 2 mmol) and 1 % aqueous HCl (1 ml) an aldehyde (1.0 mmol), an 

alkyl phosphite (1.3 mmol) and water (5 ml) were added. The mixture was stirred at room 

temperature and the reaction was monitored by TLC. After completion, the reaction 

mixture was washed with saturated NaHCO3 solution (3x5 ml) and water (3x5 ml) and 

extracted with EtOAc (3x5 ml). The extract was concentrated and the residue was 

subjected to column chromatography (silica gel, hexane-EtOAc) to obtain pure α-amino 

phosphonate.   

                   

Spectral Data 

Diethyl (2,4-dichlorophenyl)(phenylamino)methylphosphonate (Table 2, Entry 3) 

P

NH
O

OEt

OEt
ClCl  

 IR: νmax 3309, 1607, 1508, 1247 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.51 (1H, d, J = 

8.0 Hz), 7.40 (1H, d, J = 2.0 Hz), 7.22 (1H, dd, J = 8.0, 2.0 Hz), 7.06 (2H, t, J = 8.0 Hz), 

6.64 (1H, t, J = 8.0 Hz), 6.48 (2H, d, J = 8.0 Hz), 5.23 (1H, dd, J = 24.0, 10.0 Hz), 4.82 

(1H, t, J = 10.0 Hz), 4.25-4.12 (2H, m), 3.91 (1H, m), 3.67 (1H, m), 1.35 (3H, t, J = 7.0 



Hz), 1.11 (3H, t, J = 2.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 146.2 (d, J = 14.0 Hz), 

130.2, 129.8, 128.2, 119.1, 113.5, 96.2, 63.4 (d, J = 6.5 Hz), 63.2 (d, J = 6.5 Hz), 51.6 (d, 

-S2- 

J = 155.2 Hz), 16.6 (d, J = 6.5 Hz), 16.2 (d, J = 6.5 Hz); ESIMS: m/z 387 [M]
+
, 388, 390, 

392 [M+H]
+
; HRMS (ESI): m/z 410.0459 [M+Na]

+ 
(calculated for C17H20Cl2NO3PNa:  

m/z 410.0455.  

Diethyl (3,4-dimethoxyphenyl)(phenylamino)methylphosphonate ( Table 2, Entry 4) 

P

NH
O

OEt

OEt
MeO

MeO

 

 IR: νmax 3302, 1604, 1501, 1460, 1234 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.05 (2H, t, 

J = 8.0 Hz), 6.99 (1H, d, J = 2.0 Hz), 6.81 (1H, d, J = 8.0 Hz), 6.72 (1H, dd, J = 8.0, 2.0 

Hz), 6.63 (1H, t, J = 8.0 Hz), 6.54 (2H, d, J = 8.0 Hz), 5.28 (1H, dd, J = 24.0, 10.0 Hz), 

4.72 (1H, t, J = 10.0 Hz), 4.22-4.08 (2H, m), 3.91 (3H, s), 3.82 (1H, m), 3.77 (3H, s), 

3.55 (1H, m), 1.32 (3H, t, J = 7.0 Hz), 1.05 (3H, t, J = 7.0 Hz); 
13

C NMR (50 MHz, 

CDCl3): δ 154.2, 151.6, 146.3 (d, J = 14.0 Hz), 129.5, 125.9, 118.0, 113.9, 113.2, 111.1, 

63.1 (d, J = 6.5 Hz), 62.9 (d, J = 6.5 Hz), 56.1, 55.3, 48.2 (d, J = 155.5 Hz), 16.2 (d, J = 

6.5 Hz), 16.0 (d, J = 6.5 Hz); ESIMS: m/z 380 [M+H]
+
 HRMS (ESI): m/z 402.1444 

[M+Na]
+
 (Calcd. for C19H26NO5PNa: m/z 402.1446). 

Diethyl (4-isopropylphenyl)(phenylamino)methylphosphonate (Table 2, Entry 5)  

P

NH
O

OEt

OEt

 

IR: νmax 3314, 1602, 1500, 1235 cm
-1

;
 1

H NMR (200 MHz, CDCl3): δ 7.49 (2H, d, J = 8.0 

Hz), 7.16 (2H, d, J = 8.0 Hz), 7.08 (2H, t, J = 8.0 Hz), 6.67 (1H, t, J = 8.0 Hz), 6.60 (2H, 

d, J = 8.0 Hz), 4.85 (1H, brs), 4.76 (1H, d, J = 24.0 Hz), 4.18-4.01(2H, m), 3.90 (1H, m), 

3.63 (1H, m), 2.83 (1H, m), 1.25 (3H, t, J = 7.0 Hz), 1.18 (6H, d, J = 7.0 Hz), 1.05 (3H, t, 

J = 7.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 146.2 (d, J = 14.0 Hz), 133.0, 129.1, 128.0, 



126.0, 118.2, 113.9, 62.9 (d, J = 6.5 Hz), 55.1 (d, J = 153.5 Hz), 33.5, 23.9, 16.8 (d, J = 

6.5 Hz), 16.2 (d, J = 6.5 Hz); ESIMS: m/z 384 [M+Na]
+
; HRMS (ESI): m/z 362.1875  

-S3- 

[M+Na]
+
 (Calcd. for C20H29NO3P: m/z 362.1885). 

Diethyl (4-ethoxyphenyl)(3-nitrophenylamino)methylphosphonate (Table2, Entry 6) 

P

NH
O

OEt

OEt
EtO

NO2

 

 IR: νmax 3289, 1615, 1529, 1349, 1238 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.50 (1H, 

dd, J = 8.0, 2.0 Hz), 7.46 (1H, d, J = 2.0 Hz), 7.37 (2H, d, J = 8.0 Hz), 7.19 (1H, t, J = 8.0 

Hz), 6.84 (1H, dd, J = 8.0, 2.0 Hz), 6.81 (2H, d, J = 8.0 Hz), 5.68 (1H, t, J = 10.0 Hz), 

4.68 (1H, dd, J = 24.0, 10.0 Hz), 4.22-4.04 (2H, m), 4.02-3.96 (2H, m), 3.84 (1H, m), 

3.60 (1H, m), 1.44 (3H, t, J = 7.0 Hz), 1.37 (3H, t, J = 7.0 Hz), 1.24 (3H, t, J = 7.0 Hz), 

1.10 (3H, t, J = 7.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 159.0, 149.1, 147.2 (d, J = 14.0 

Hz), 129.9, 129.1, 126.2, 119.6, 115.0, 113.1, 107.9, 63.3 (d, J = 6.5 Hz), 63.2, 63.1 (d, J 

= 6.5 Hz) 55.0 (d, J = 154.8 Hz), 16.8 (d, J = 6.0 Hz), 16.3 (d, J = 6.0 Hz), 14.5; ESIMS: 

m/z 431 [M+Na]
+
; HRMS (ESI): m/z 431.1362 [M+Na]

+
 (Calcd. for C19H25N2O6PNa: m/z 

431.1347). 

Diethyl (3-chloro-4-fluorophenyl)(p-tolylamino)methylphosphonate (Table 2,Entry 7) 

P

NH
O

OEt

OEt

H3C

Cl

F

 

 IR: νmax 3303, 1616, 1519, 1239 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.50 (1H, d, J = 

8.0 Hz), 7.32 (1H, brs), 7.04 (1H, t, J = 8.0 Hz), 6.85 (2H, d, J = 8.0 Hz), 6.42 (2H, d, J = 

8.0), 4.77 (1H, brs), 4.62 (1H, d, J = 24.0 Hz), 4.28-4.05 (2H, m), 3.99 (1H, m), 3.82 (1H, 

m), 2.19 (3H, s), 1.28 (3H, t, J = 7.0 Hz), 1.19 (3H, t, J = 7.0 Hz); 
13

C NMR (50 MHz, 



CDCl3): δ 159.3, 143.5 (d, J = 14.0 Hz), 133.2, 130.0, 129.6, 127.9, 127.2 (d, J = 4.0 Hz), 

121.1 (d, J = 16.0Hz), 116.8 (d, J = 16.0 Hz), 113.5, 63.6 (d, J = 6.5 Hz), 63.0 (d, J = 6.5  

-S4- 

Hz), 55.2 (d, J = 152.5 Hz), 20.2, 16.2 (d, J = 6.0 Hz), 16.0 (d, J = 6.0 Hz); ESIMS: m/z 

386, 388 [M+H]
+
; HRMS (ESI): m/z 408.09.4 [M+Na]

+
 (Calcd. for C18H22ClFNO3PNa: 

m/z 408.0907). 

Diethyl (4-hydroxyphenylamino)(4-nitrophenyl)methylphosphonate (Table 2, 

Entry 8) 

O2N

P

NH
O

OEt

OEt

HO

 

 IR: νmax 3299, 1666, 1518, 1347, 1231 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 8.18 (2H, d, 

J = 8.0 Hz), 7.61 (2H, d, J= 8.0Hz), 6.60 (2H, d, J = 8.0 Hz), 6.35 (2H, d, J = 8.0 Hz), 

4.72 (1H, d, J = 24.0 Hz), 4.50 (1H, brs), 4.20-4.05 (2H, m), 4.02 (1H, m), 3.89 (1H, m), 

1.30 (3H, t, J = 7.0 Hz), 1.21 (3H, t, J = 7.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 150.5, 

147.3, 138.8 (d, J = 14.0 Hz), 128.6, 123.3, 116.0, 115.1, 64.0 (d, J = 6.5 Hz), 63.2 (d, J 

= 6.5 Hz), 57.1 (d, J = 152.0 Hz), 16.1 (d, J = 6.0 Hz), 16.0 (d, J = 6.0 Hz); ESIMS: m/z 

403 [M+Na]
+
; HRMS (ESI): m/z 403.1052 [M+Na]

+
 (Calcd. for C17H21N2O6PNa: m/z 

403.1034). 

Diethyl (4-(dimethylamino)phenyl)(p-tolylamino)methylphosphonate (Table 2, 

Entry 9) 

P

NH
O

OEt

OEt

H3C

N

 

 IR: νmax 3276, 1616, 1522, 1447, 1232 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.25 (2H, d, 

J = 8.0 Hz), 6.83 (2H, d, J = 8.0 Hz), 6.62 (2H, d, J = 8.0 Hz), 6.46 (2H, d, J = 8.0 Hz), 

4.55 (1H, d, J = 24.0 Hz), 4.14-4.02 (2H, m), 3.90 (1H, m), 3.62 (1H, m), 2.90 (6H, s), 

2.15 (3H, s), 1.26 (3H, t, J = 7.0 Hz), 1.11 (3H, t, J = 7.0 Hz); 
13

C NMR (50 MHz, 



CDCl3): δ 150.1, 144.1(d, J = 14.0 Hz), 129.2, 128.3, 127.2, 122.9, 113.9, 112.1, 62.8 (d, 

J = 6.5 Hz), 55.2 (d, J = 155.0 Hz), 40.2, 20.1, 16.2 (d, J = 6.2 Hz), 16.0  (d, J = 6.2 Hz); 
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 ESIMS: m/z 399 [M+Na]
+
; HRMS (ESI): m/z 399.1852 [M+Na]

+
 (Calcd. for 

C20H29N2O3PNa: m/z 399.1837). 

Diethyl (4-chlorophenyl)(4-methoxyphenylamino)methylphosphonate (Table 

2, Entry 10)  

Cl

P

NH
O

OEt

OEt

MeO

 

IR: νmax 3334, 1616, 1511, 1459, 1388, 1220 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.39 

(2H, d, J = 8.0 Hz), 7.28 (2H, d, J = 8.0 Hz), 6.63  

(2H, d, J = 8.0 Hz), 6.47 (2H, d, J = 8.0 Hz), 4.60 (1H, d, J = 24.0 Hz), 4.19-4.02 (2H, 

m), 3.95 (1H, m), 3.76 (1H, m), 3.65 (3H, s), 1.32 (3H, t, J = 7.0 Hz), 1.13 (3H, t, J = 7.0 

Hz); 
13

C NMR (50 MHz, CDCl3): δ 152.9, 140.0 (d, J = 14.0 Hz), 135.0, 133.8, 129.2, 

129.0, 115.1, 114.5, 63.6 (d, J = 6.5 Hz), 63.1 (d, J = 6.5 Hz), 56.3 (d, J = 152.5 Hz), 

55.3, 16.1(d, J = 6.2 Hz), 16.0 (d, J = 6.0 Hz); ESIMS: m/z 384 [M+H]
+
; HRMS (ESI): 

m/z 406.0940 [M+Na]
+
 (Calcd. for C18H23ClNO4PNa: m/z 406.0950). 

Dimethyl 2-methyl-1-(p-tolylamino)propylphosphonate (Table 2, Entry 21) 

 

HN

P

Me

O

OMe
MeO  

 IR: νmax 3429, 2958, 1618, 1521, 1233, 1033 cm 
–1

; 
1
H NMR (200 MHz, CDCl3): δ 6.99 

(2H, d, J = 8.0 Hz), 6.59 (2H, d, J = 8.0 Hz), 3.72 (3H, d, J =10.0 Hz), 3.70 (3H, d, J 

=10.0 Hz), 3.65 (1H, dd, J = 24.0, 4.0 Hz), 2.25 (1H, m), 2.22 (3H, s), 1.08 (3H, d, J = 

7.0 Hz), 1.02 (3H, d, J = 7.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 145.2, 129.9, 127.2, 

113.4, 56.6, 53.2 (d, J = 6.0 Hz), 52.1 (d, J = 6.0Hz), 29.7 (d, J = 6.0 Hz), 20.8 (d, J = 6.0 



Hz), 20.2 (d, J = 6.0Hz), 18.1; ESIMS: m/z 272 [M+H]
+
; HRMS (ESI): m/z 294.1227 

[M+Na]
+
 (Calcd. for C13H22NO3PNa: m/z 294.1235). 
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Dimethyl 1-(4-chlorophenyl)-1-(p-tolylamino)ethylphosphonate (Table 2, 

Entry 22) 

Cl

NH

P

Me

OMe

O

OMe

 
 IR: νmax 3289, 1616, 1518, 1234 cm

-1
; 

1
H NMR (200 MHz, CDCl3): δ 7.51 (2H, d, J =  

8.0 Hz, 7.32 (2H, d, J = 8.0Hz), 6.79 (2H, d, J = 8.0 Hz), 6.24 (2H, d, J = 8.0 Hz), 4.50 

(1H, brs), 3.70 (3H, d, J = 10.0 Hz), 3.56 (3H, d, J = 10.0 Hz), 2.17 (3H,s), 1.91(3H, d, J 

= 15.0 Hz); 
13

C NMR (50 MHz, CDCl3): δ 142.0 (d, J = 14.0Hz), 137.2, 133.1, 129.7, 

129.2, 128.3, 128.0, 117.0, 59.3 (d, J = 154.6 Hz) 54.2 (d, J = 6.0 Hz), 54.0 (d, J = 6.0 

Hz), 20.4, 20.2 (d, J = 6.0 Hz); ESIMS: m/z 354, 356 [M+H]
+
; HRMS (ESI): m/z 

376.0835 [M+Na]
+
 (Calcd. for C17H21ClNO3PNa: m/z 376.0845). 

Diethyl 4-methyl-2-(phenylamino)pentan-2-ylphosphonate (Table 2, Entry 23) 

 

P

NH

OEt

O

OEt

 

IR: νmax 3319, 1602, 1500, 1322, 1225 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.11(2H, t, J 

= 8.0 Hz), 6.90 (2H, d, J = 8.0 Hz), 6.75 (1H, t, J = 8.0 Hz), 4.12-3.90 (4H, m), 3.52 (1H, 

brs), 2.01-3.82 (2H, m), 1.69 (1H, m), 1.50 (3H, d, J = 15.0 Hz) 1.24 (3H, t, J = 7.0 Hz), 

1.20 (3H, t, J = 7.0 Hz), 0.98 (3H, d, J = 7.0 Hz), 0.91 (3H, d, J = 7.0 Hz); 
13

C NMR (50 

MHz, CDCl3): δ 146.2, 128.9, 119.5, 118.8, 62.5 (d, J = 6.2 Hz), 62.2 (d, J = 6.5 Hz), 

57.9 (d, J = 155.0 Hz), 43.4, 25.0, 23.4 (d, J = 6.5 Hz), 21.2, 16.1 (d, J = 6.0 Hz); 

ESIMS: m/z 314 [M+H]
+
; HRMS (ESI): m/z 336.1711 [M+Na]

+
 (Calcd. for 

C16H28NO3PNa: m/z 336.1704). 



Dimethyl 1-(4-fluorophenylamino)cyclohexylphosphonate  (Table 2, Entry 24) 
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P

NH

OMe

O

OMe

F

 

IR: νmax 3314, 1509, 1452, 1321, 1223 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 7.05-6.96 

(2H, m), 6.88 (2H, d, J = 8.0 Hz), 3.64 (6H, d, J = 10.0 Hz), 2.17-2.03 (2H, m), 1.84-1.62 

(3H, m), 1.60- 1.49 (4H, m) 1.30 (1H, m); 
13

C NMR: δ 159.1, 141.8, 120.4, 115.0 (d, J = 

10.0 Hz), 57.9 (d, J = 154.8 Hz), 52.3 (d, J = 6.0Hz), 30.1, 24.6, 20.0 (d, J = 6.0Hz); 

ESIMS: m/z 302 [M+H]
+
; HRMS (ESI): m/z 324.1136 [M+Na]

+
 (Calcd. for 

C14H21FNO3PNa: m/z 324.1140). 
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