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I.General   

All reagents were purchased from commercial sources and used without treatment, unless otherwise 
indicated. The products were purified by column chromatography over silica gel. 1H NMR and 13C 
NMR spectra were recorded at 25 °C at 500 MHz and 125 MHz, respectively, with TMS as internal 
standard. IR spectra (KBr) were recorded on FTIR-spectrophotometer in the range of 400-4000 cm-1. 
Mass spectra were recorded on LCMsD mass spectrometer. 

II. Analytical data of 3 

3b 

O NP

O

O Cl

(CH2)3Cl  

White solid: mp 75-76 °C; 1H NMR (500 MHz, CDCl3) δ = 1.94-2.04 (m, 2H), 2.32 (s, 3H), 2.39 (s, 

3H), 2.51-2.65 (m, 2H), 3.54-3.62 (m, 2H), 7.197 (d, J = 8.0 Hz, 2H), 7.289 (d, J = 8.0 Hz, 2H); 13C 

NMR (125 MHz, CDCl3) δ = 18.8, 21.4, 24.5, 31.4, 44.4, 114.3, 128.9, 129.0, 130.2, 130.6, 140.0, 

156.9; IR (KBr) 1694.5, 1662.4, 1511.8, 1303.9, 1246.1, 1129.5, 1090.8, 990.2, 620.5, 562.3 cm-1; 

Anal. Calcd for C14H16Cl2NO3P: C, 48.30; H, 4.63; N, 4.02. Found: C, 48.23; H, 4.58; N, 4.10. 

 
3c 

O N
P

O

O Cl

(CH2)3Cl

OCH3

 
White solid: mp 92-93 °C; 1H NMR (500 MHz, CDCl3) δ = 1.95-2.00 (m, 2H), 2.31 (s, 3H), 2.53-2.61 

(m, 2H), 3.55-3.59 (m, 2H), 3.83 (s, 3H), 6.985 (d, J = 9.0 Hz, 2H), 7.219-7.239 (m, 2H); 13C NMR 

(125 MHz, CDCl3) δ = 18.7, 24.5, 31.4, 44.6, 55.8, 114.2, 115.2, 124.1, 130.4, 157.1, 160.5, 163.3; 

Anal. Calcd for C14H16Cl2NO4P: C, 46.17; H, 4.43; N, 3.85. Found: C, 46.31; H, 4.38; N, 3.92. 

 
3d 

O N
P

O

O Cl

(CH2)3Cl

OCH3

 
White solid: mp 84-86 °C; 1H NMR (500 MHz, CDCl3) δ = 1.96-2.02 (m, 2H), 2.30 (s, 3H), 

2.53-2.66 (m, 2H), 3.56-3.60 (m, 2H), 3.82 (s, 3H), 7.01-7.06 (m, 2H), 7.33 (d, J = 7.0 Hz, 2H), 

7.40-7.43(m, 1H); 13C NMR (125 MHz, CDCl3) δ = 18.8, 20.5, 31.4, 44.4, 56.1, 112.7, 114,5, 120.6, 
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121.4, 129.3, 131.4, 156.3, 157.1, 162.4; Anal. Calcd for C14H16Cl2NO4P: C, 46.17; H, 4.43; N, 3.85. 

Found: C, 46.05; H, 4.39; N, 3.79. 

 
3e 

O NP

O

O Cl

(CH2)3Cl

Cl

 

White solid: mp 67-68 °C; 1H NMR (500 MHz, CDCl3) δ = 1.91-2.00 (m, 2H), 2.31 (s, 3H), 2.49-2.62 

(m, 2H), 3.54-3.59 (m, 2H), 7.256 (d, J = 7.5Hz, 2H), 7.451 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, 

CDCl3) δ = 18.8, 24.6, 31.4, 44.5, 114.3, 130.2, 130.5, 130.7, 135.9, 157.4, 162.8; Anal. Calcd for 

C13H13Cl3NO3P: C, 42.36; H, 3.56; N, 3.80. Found: C, 42.54; H, 3.61; N, 3.67. 

III. Analytical data of 4 

4b-1 

O N
P

O

O NH

(CH2)3Cl  
White solid: mp 121-122 °C; 1H NMR (500 MHz, CDCl3) δ = 0.99 (t, J = 7.0 Hz, 3H), 1.93-1.97 (m, 

2H), 2.25 (s, 3H), 2.37 (s, 3H), 2.42-2.56 (m, 2H), 2.81-2.95 (m, 3H), 3.55 (t, J = 6.0 Hz, 2H), 7.22  

(s, 4H); 13C NMR (125 MHz, CDCl3) δ = 16.7, 19.0, 21.3, 24.4, 31.7, 36.7, 44.9, 111.8, 128.6, 130.1, 

131.6, 138.6, 157.1, 165.1; IR (KBr) 3207.4, 1673.3, 1439.6, 1390.2, 1253.0, 111.9, 1076.7, 987.3, 

655.2, 567.7 cm-1; Anal. Calcd for C16H22ClN2O3P: C, 53.86; H, 6.22; N, 7.85. Found: C, 53.98; H, 

6.28; N, 7.79. 

4c-1 

O N
P

O

O NH

(CH2)3Cl

OCH3

 

White solid: mp 122-123 °C; 1H NMR (500 MHz, CDCl3) δ = 0.99 (t, J = 7.0 Hz, 3H), 1.91-1.97 (m, 

2H), 2.24 (s, 3H), 2.42-2.54 (m, 2H), 2.82-2.94 (m, 2H), 3.01-3.06 (m, 1H), 3.55 (t, J = 6.0 Hz, 2H), 

3.82 (s, 3H), 6.94 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ = 16.7, 

19.0, 24.4, 31.7, 36.6, 44.9, 55.7, 111.7, 114.7, 126.8, 130.1, 157.2, 159.6, 165.3; Anal. Calcd for 

C16H22ClN2O4P: C, 51.55; H, 5.95; N, 7.51. Found: C, 51.69; H, 5.87; N, 7.44. 
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4d-1 

O NP

O

O NH

(CH2)3Cl

OCH3

 
Semi-solid; 1H NMR (500 MHz, CDCl3) δ = 0.86 (t, J = 6.5 Hz, 3H), 1.93-1.98 (m, 2H), 2.24 (s, 3H), 

2.44-2.55 (m, 2H), 2.87-2.98 (m, 3H), 3.56 (t, J = 6.5 Hz, 3H), 3.82 (s, 3H), 6.98 (d, J = 8.0 Hz, 1H), 

7.03 (t, J = 7.5 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ = 16.8, 18.7, 24.1, 31.5, 36.3, 44.7, 55.7, 111.3, 111.6, 121.2, 122.9, 130.0, 130.4, 155.4, 

156.9, 163.7; Anal. Calcd for C16H22ClN2O4P: C, 51.55; H, 5.95; N, 7.51. Found: C, 51.68; H, 5.89; N, 

7.46. 

 
4e-1 

O N
P

O

O NH

(CH2)3Cl

Cl

 
White solid: mp 128-129 °C; 1H NMR (500 MHz, CDCl3) δ = 1.00 (t, J = 7.0 Hz, 3H), 1.94-1.95 (m, 

2H), 2.26 (s, 3H), 2.43-2.56 (m, 2H), 2.79-3.02 (m, 3H), 3.56 (t, J = 6.0 Hz, 2H), 7.29 (d, J = 8.5 Hz, 

2H), 7.41 (d, J = 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ = 16.8, 19.0, 24.4, 31.7, 36.8, 44.9, 

111.9, 129.7, 130.3, 133.0, 134.6, 157.5, 164.8; Anal. Calcd for C15H19Cl2N2O3P: C, 47.76; H, 5.08; N, 

7.43. Found: C, 47.69; H, 5.15; N, 7.35. 

 
4a-2 

O N
P

O

O NH

(CH2)3Cl  

White solid: mp 131-132 °C; 1H NMR (500 MHz, CDCl3) δ = 1.96 (s, 2H), 2.27 (s, 3H), 2.46-2.55 (m, 

5H), 2.98 (s, 1H), 3.55 (t, J = 6.0 Hz, 2H), 7.36 (d, J = 7.0 Hz, 2H), 7.40 (d, J = 7.0 Hz, 1H), 7.43 (d, J 

= 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ = 18.9, 24.4, 27.7, 31.7, 44.9, 111.9, 128.7, 128.9, 

129.5, 134.4, 157.4, 165.0; Anal. Calcd for C14H18ClN2O3P: C, 51.15; H, 5.52; N, 8.52. Found: C, 

51.27; H, 5.47; N, 8.59. 
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4a-3 

O N
P

O

OH
N

(CH2)3Cl  

White solid: mp 192-193 °C; 1H NMR (500 MHz, CDCl3) δ = 1.97-2.02 (m, 2H), 2.31 (s, 3H), 

2.52-2.64 (m, 2H), 3.59 (t, J = 6.0 Hz, 2H), 6.30 (s, 1H), 6.71 (d, J = 7.5 Hz, 2H), 7.01 (d, J = 6.5 Hz, 

2H), 7.07 (t, J = 7.5 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 7.25 (d, J = 8.0 Hz, 3H), 7.30 (d, J = 7.0 Hz, 

1H); 13C NMR (125 MHz, CDCl3) δ = 19.1, 24.5, 31.7, 44.9, 112.2, 118.5, 118.6, 123.4, 129.0, 129.3, 

129.7, 133.3, 138.5, 157.2, 164.8; IR (KBr) 3181.6, 1677.1, 1501.1, 1418.7, 1389.7, 1266.9, 1133.4, 

965.4, 748.7, 695.5 cm-1; Anal. Calcd for C19H20ClN2O3P: C, 58.39; H, 5.16; N, 7.17. Found: C, 58.54; 

H, 5.21; N, 7.08. 

 
4a-4 

O N
P

O

O
H
N

(CH2)3Cl  
White solid: mp 147-148 °C; 1H NMR (500 MHz, CDCl3) δ = 1.96 (s, 2H), 2.20 (s, 3H), 2.46-2.55 (m, 

2H), 3.29 (s, 1H), 3.57 (t, J = 6.0 Hz, 2H), 4.00-4.07 (m, 2H), 7.03 (t, J = 7.5 Hz, 2H), 7.26 (s, 3H), 

7.38 (d, J = 7.0 Hz, 2H), 7.44 (d, J = 7.5 Hz, 3H), ; 13C NMR (125 MHz, CDCl3) δ = 18.9, 24.4, 31.7, 

44.9, 45.7, 111.9, 127.4, 127.9, 128.8, 128.9, 129.1, 129.7, 134.3, 138.0, 157.4, 164.9; Anal. Calcd for 

C20H22ClN2O3P: C, 59.34; H, 5.48; N, 6.92. Found: C, 59.46; H, 5.41; N, 6.87. 

IV. Analytical data of 5 

5a-2 

O N
P

O

O O

(CH2)3Cl  

White solid: mp 54-55 °C; 1H NMR (500 MHz, CDCl3) δ = 1.19-1.25 (m, 3H), 1.93-1.96 (m, 2H), 

2.24 (s, 3H), 2.50 (t, J = 7.5 Hz, 2H), 3.53-3.56 (m, 2H), 4.11-4.18 (m, 2H), 7.31 (d, J = 7.5 Hz, 2H), 

7.40 (d, J = 7.5 Hz, 1H), 7.44 (t, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ = 16.3, 18.8, 31.6, 

44.7, 66.2, 112.2, 129.1, 129.4, 129.7, 133.3, 156.9, 164.2; IR (KBr) 2924.6, 1665.7, 1459.6, 1346.6, 

1143.0, 1031.7, 986.9, 695.7, 554.3 cm-1; Anal. Calcd for C15H19ClNO4P: C, 52.41; H, 5.57; N, 4.07. 
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Found: C, 52.26; H, 5.63; N, 4.15. 

 
5a-3 

O N
P

O

O O

(CH2)3Cl  
White solid: mp 117-118 °C; 1H NMR (500 MHz, CDCl3) δ = 1.93-1.99 (m, 2H), 2.27 (s, 3H), 

2.50-2.62 (m, 2H), 3.53-3.61 (m, 2H), 7.04 (d, J = 7.5 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 7.31-7.34 (m, 

4H), 7.41-7.48 (m, 3H); 13C NMR (125 MHz, CDCl3) δ = 18.8, 24.5, 31.6, 44.7, 113.0, 120.3, 126.3, 

129.4, 129.5, 129.8, 130.3, 133.1, 150.2, 157.2, 164.1; IR (KBr) 1687.6, 1590.5, 1487.2, 1389.2, 

1299.2, 1129.5, 1070.4, 955.4, 693.5, 529.1 cm-1; Anal. Calcd for C19H19ClNO4P: C, 58.25; H, 4.89; N, 

3.58. Found: C, 58.37; H, 4.96; N, 3.51. 

 
5a-4 

O N
P

O

O O

(CH2)3Cl  

White solid: mp 75-76 °C; 1H NMR (500 MHz, CDCl3) δ = 1.91-1.96 (m, 2H), 2.06 (s, 3H), 2.44-2.54 

(m, 2H), 3.49-3.56 (m, 2H), 5.02-5.17 (m, 2H), 7.26-7.27 (m, 4H), 7.34-7.35 (m, 3H), 7.40-7.41 (m, 

3H); 13C NMR (125 MHz, CDCl3) δ = 18.2, 24.0, 31.2, 44.2, 70.9, 112.0, 128.2, 128.6, 128.7, 128.8, 

129.0, 129.3, 132.7, 134.7, 156.5, 163.8; Anal. Calcd for C20H21ClNO4P: C, 59.19; H, 5.22; N, 3.45. 

Found: C, 59.26; H, 5.17; N, 3.52. 
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V. Copies of NMR spectra for compounds 3-5 

3a 
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3b 
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3c 
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3d 
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3e 
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4a-1 
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4b-1 
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4c-1 
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4d-1 
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4e-1 
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4a-2 
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4a-3 
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4a-4 
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5a-1 
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5a-2 
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5a-3 
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5a-4 
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