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1. General remarks
All the chemicals were purchased from the Sigma-Aldrich and used without further purification. All solvents used for spectroscopic and synthesis studies were reagent grade and further purified by literature methods. Thin layer chromatography (TLC) was performed using mixture of EtOAc and hexane (1:2) as eluent and silica gel 60 F254 (Merck) plates. Melting points were determined on an Electrothermal capillary fine control apparatus. IR spectra were recorded on a Shimadzu FT-IR 8201 spectrometer, only significant absorption band frequencies were cited. 1H-, 13C- and 31P-NMR spectra were recorded on a Bruker Avance 400 instrument at 400, 100, and 162.0 MHz respectively, in CDCl3 or DMSO-d6. Chemical shifts (δ) are given in part per million downfield from TMS as an internal standard for 1H and 13C NMR and 85% H3PO4 as external standard for 31P NMR. Positive chemical shifts downfield from 85% H3PO4 for 31P NMR spectra were reported. Coupling constants (J) values were indicated in Hz. The chemicals were used as obtained commercially. High Resolution Mass Spectra (HR-MS) were recorded with a High Resolution Time-of-Flight Mass Spectrometer coupled with Liquid Chromatography System (Agilent 1200/6210).
The surface morphology and elemental distribution of Ag-NPs were carried out by Transmission Electron Microscopy (TEM, JEOL 2200FS field emission microscope operated at 200 kV, with point-to-point resolution 0.185 nm, equipped with in-column  filter, X-ray microanalysis). For this measurement the film was first scratched of from the substrate and then dispersed onto Cu/lacey-carbon TEM grids.
The optical properties were investigated using UV-vis spectrophotometer (UV-vis, Shimazu 3100) in the wavelength region of 200-2000 nm and Raman spectroscopy (Bruker Senterra): A 785nm laser for the excitation radiation was used. All the spectra were collected in the range 3700 – 100 cm-1.

2. Typical procedure for the synthesis of dialkyl 2-Amino-3-cyano-4H-chromen-4-ylphosphonate compounds 
[bookmark: _GoBack]A mixture of salicylaldehyde (1 mmol), malononitrile (1 mmol), trialkylphosphite (1 mmol) was added to 2mL of a well-stirred dispersion of Ag-NPs in ethanol (0.2M) in a 25-mL round-bottom flask mounted over a magnetic stirrer. The mixture was stirred at reflux temperature till the completion of reaction which was monitored by TLC using mixture of EtOAc and cyclohexane in 1:2 proportions as eluent (0.25-1 hour). After completion, the mixture was cooled to room temperature and cold water was added and stirring was continued for 10 min. The crude product was filtered, washed with water and purified by recrystallization from ethanol to afford pure (2-amino-3-cyano-4H-chromen-4-yl) phosphonic acid dialkyl esters (4 and 5).

3. Spectroscopic data for all synthesized compounds

Diethyl-(2-amino-3-cyano-4H-chromen-4-yl)phosphonate (4a)
Yield : 71%. Beige solid. M.p.: 152 °C (Litt. 141–143 °C).1 νmax (KBr) 3349, 3150, 2185, 1657, 1416, 1233, 1034 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.35 (dd, J = 7.6, 1.8 Hz, 1H), 7.27 (t, J = 7.6 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 8.1 Hz, 1H), 5.08 (s, NH2), 4.18 – 4.09 (m, 2H), 4.07 – 3.94 (m, 2H), 3.91 (d, J = 17.8 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.0 (d, J = 3.6 Hz), 149.9 (d, J = 5.3 Hz), 129.6 (d, J = 4.1 Hz), 129.0 (d, J = 3.4 Hz), 124.9 (d, J = 3.0 Hz), 119.5 (s), 116.4 (d, J = 3.2 Hz), 63.3 (d, J = 7.4 Hz), 63.0 (d, J = 7.3 Hz), 51.5 (d, J = 8.2 Hz), 35.5 (d, J = 148.7 Hz), 16.4 (d, J = 4.7 Hz), 16.6 (d, J = 4.5 Hz). 31P NMR (162 MHz, CDCl3) δ 21.68.




Diethyl-(2-amino-3-cyano-8-methoxy-4H-chromen-4-yl)phosphonate (4b)
Yield : 89%. Yellow solid. M.p.: 182 °C (Litt. 187–188 °C).2 νmax (KBr) 3339, 3152, 2974, 2186, 1657, 1406, 1230, 1033 cm-1. 1H NMR (400 MHz, DMSO-d6) δ 7.16 (s, NH2), 7.09 (t, J = 8.3 Hz, 1H), 7.01 (dd, J = 8.3, 1.5 Hz, 1H), 6.82 (dd, J = 6.1, 1.6 Hz, 1H), 4.05 (d, J = 17.7 Hz, 1H), 3.99 – 3.89 (m, 4H), 3.82 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 162.6 (d, J = 3.0 Hz), 147.3 (s), 139.6 (s), 124.0 (d, J = 2.8 Hz), 120.8 (d, J = 4.0 Hz), 119.8 (s), 118.8 (d, J = 5.1 Hz), 112.1 (d, J = 3.1 Hz), 62.2 (d, 7.3 Hz), 56.0 (s), 48.0 (d, J = 7.0 Hz), 35.2 (d, J = 145.9 Hz), 16.2 (d, J =  3.8 Hz), 16.0 (d, J = 3.7 Hz). 31P NMR (162 MHz, CDCl3) δ 21.76.




Diethyl-(2-amino-3-cyano-7-methoxy-4H-chromen-4-yl)phosphonate (4c)
Yield : 71%. Yellow solid. M.p.: 186 °C (Litt. 218–220 °C).3 νmax (KBr) 3352, 3145, 2182, 1646, 1427, 1240, 1021 cm-1. 1H NMR (400 MHz, DMSO-d6) δ 7.17 (d, J = 8.5 Hz, 1H), 7.10 (s, NH2), 6.76 (dd, J = 8.5, 2.4 Hz, 1H), 6.55 (d, J = 2.4 Hz, 1H), 4.00 (d, J = 16.5 Hz, 1H), 3.97 – 3.86 (m, 4H), 3.76 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 162.4 (d, J = 2.9 Hz), 159.5 (d, J = 3.0 Hz), 150.6 (d, J = 5.1 Hz), 130.1 (d, J = 3.9 Hz), 120.1 (s), 110.5 (d, J = 2.5 Hz), 109.2 (d, J = 5.4 Hz), 101.3(s), 62.2 (d, J = 7.2 Hz), 62.0 (d, J = 7.2 Hz), 55.4 (s), 47.8 (d, J = 7.6 Hz), 33.8 (d, J = 146.6 Hz), 16.2 (d, J = 4.1 Hz). 31P NMR (162 MHz, CDCl3) δ 21.45.



Diethyl-(2-amino-3-cyano-5,7-dimethoxy-4H-chromen-4-yl)phosphonate (4d)
Yield : 79%. Yellow solid. M.p.: 190 °C. νmax (KBr) 3357, 3172, 2191, 1677, 1412, 1246, 1043 cm-1. 1H NMR (400 MHz, DMSO-d6) δ 7.14 (s, NH2), 6.41 (s, 1H), 6.19 (s, 1H), 3.90 – 3.81 (m, 5H), 3.80 (s, 3H), 3.77 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.5 (d, J = 3.6 Hz), 160.7 (d, J = 3.2 Hz), 157.2 (d, J = 4.0 Hz), 151.9 (d, J = 5.0 Hz), 147.0 (s), 119.3 (s), 95.4 (d, J = 2.4 Hz), 93.8 (d, J = 3.2 Hz), 62.8 (d, J = 7.2 Hz), 62.6 (d, J = 7.3 Hz), 56.3 (d, J = 8.0 Hz), 55.9 (s), 55.6 (s), 30.2 (d, J = 150.8 Hz), 16.5 (d, J = 5.1 Hz), 16.4 (d, J = 5.5 Hz). 31P NMR (162 MHz, CDCl3) δ 21.57.



Diethyl-(2-amino-6,8-di-tert-butyl-3-cyano-4H-chromen-4-yl)phosphonate (4e)
Yield : 92%. Yellow solid. M.p.: 172 °C. νmax (KBr) 3386, 3212, 3142, 2188, 1656, 1420, 1225, 1035 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 2.3 Hz, 1H), 7.21 (d, J = 2.3 Hz, 1H), 4.79 (s, NH2), 4.16 - 4.10 (m, 2H), 4.04 – 3.93 (m, 2H), 3.90 (d, J = 17.8 Hz, 1H), 1.41 (s, 9H), 1.36 (t, J = 7.1 Hz, 3H), 1.32 (s, 9H), 1.19 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.5 (d, J = 3.8 Hz), 147.1 (d, J = 3.0 Hz), 146.6 (d, J = 5.4 Hz), 136.5 (d, J = 3.4 Hz), 124.7 (d, J = 4.1 Hz), 123.6 (d, J = 3.4 Hz), 119.3(s), 116.4 (d, J = 5.5 Hz), 63.2 (d, J = 7.3 Hz), 62.7 (d, J = 7.2 Hz),52.7 (d, J = 8.2 Hz), 36.2 (d, J = 148.8 Hz), 31.4 (s), 30.3 (s), 16.5 (d, J = 5.7 Hz), 16.4 (d, J = 5.5 Hz). 31P NMR (162 MHz, CDCl3) δ 21.79. HRMS (ESI+) m/z 443.20188 [M+Na]+., calcd for C22H33N2NaO4P: 443.20756.	




Diethyl-(2-amino-6-chloro-3-cyano-4H-chromen-4-yl)phosphonate (4f)
Yield : 69%. White solid. M.p.: 154 °C (Litt. 174-177 °C).1 νmax (KBr) 3339, 3165, 2182, 1654, 1412, 1236, 1025 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.36 (t, J = 2.3 Hz, 1H), 7.25 (dt, J = 8.7, 2.3 Hz, 1H), 6.96 (d, J = 8.7 Hz, 1H), 4.87 (s, NH2), 4.20 – 4.12 (m, 2H), 4.12 – 4.04 (m, 2H), 3.86 (d, J = 18.4 Hz, 1H), 1.37 (t, J = 7.0 Hz, 3H), 1.27 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.5 (d, J = 3.7 Hz), 148.4 (d, J = 5.1 Hz), 130.1 (d, J = 3.6 Hz), 129.3 (d, J = 4.0 Hz), 129.1 (d, J = 3.3 Hz), 118.9 (s), 118.4 (d, J = 5.9 Hz), 117.8 (d, J = 3.2 Hz), 63.4 (d, J = 7.5 Hz), 63.2 (d, J = 7.3 Hz), 51.9 (d, J = 9.0 Hz), 35.4 (d, J = 149.1 Hz), 16.4 (d, J = 5.6 Hz). 31P NMR (162 MHz, CDCl3) δ 20.71.






Diethyl (2-amino-6-bromo-3-cyano-4H-chromèn-4-yl)phosphonate (4g)
Yield : 66%. Yellow solid. : M.p.: 164 °C (Litt.179-181 °C).1 νmax (KBr) 3354, 3290, 2986, 2188, 1659, 1412, 1234, 1042 cm-1. 1H NMR (400 MHz,CDCl3) δ 7.43 (s, 1H), 7.35 (d, J = 8.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H), 5.08 (s, NH2), 4.12 – 4.07 (m, 4H), 3.81 (d, J = 18.2 Hz, 1H), 1.32 (t, J = 7.0 Hz, 3H), 1.24 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.5 (d, J = 3.7 Hz), 148.9 (d, J = 5.2 Hz), 132.2 (d, J = 4.0 Hz), 132.0 (d, J = 3.3 Hz), 118.8 (d, J = 7.6 Hz), 118.1 (d, J = 3.2 Hz), 117.5 (d, J = 3.6 Hz), 63.4 (d, J = 7.5 Hz), 63.3 (d, J = 7.4 Hz), 51.8 (d, J = 8.0 Hz), 35.3 (d, J = 149.1 Hz), 16.4 (d, J = 5.4 Hz). 31P NMR (162 MHz, CDCl3) δ 20.87.



Diethyl-(2-amino-3-cyano-6-methoxy-4H-chromen-4-yl)phosphonate (4h)
Yield : 83%. Yellow solid. M.p.: 178 °C (Litt.172-174 °C).1 νmax (KBr) 3343, 3176, 2187, 1634, 1405, 1228, 1013 cm-1. 1H NMR (400 MHz, CDCl3) δ 6.93 (d, J = 9.4 Hz, 1H), 6.89 (d, J = 2.6 Hz, 1H), 6.84 – 6.80 (m, 1H), 4.79 (s, NH2), 4.17 (q, 7.1 Hz, 2H), 4.01 (m, 2H), 3.89 (d, J = 18.0 Hz, 1H), 3.81 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.9 (d, J = 3.6 Hz), 156.5 (d, J = 3.0 Hz), 143.8 (d, J = 5.3 Hz), 119.4 (s), 117.2 (d, J = 3.5 Hz), 115.2 (d, J = 3.5 Hz), 113.6 (d, J = 3.6 Hz), 63.3 (d, J = 7.4 Hz), 62.9 (d, J = 7.2 Hz), 55.7 (s), 51.9 (d, J = 8.1 Hz), 35.8 (d, J = 148.3 Hz), 16.4 (d, J = 5.9 Hz), 16.3 (d, J = 5.8 Hz). 31P NMR (162 MHz, CDCl3) δ 21.20.




Diethyl-(3-amino-2-cyano-1H-benzo[f]chromen-1-yl)phosphonate (4i)
Yield : 86%. Green solid. M.p.: 208 °C (Litt. 220-222 °C).3 νmax (KBr) 3315, 3165, 2180, 1647, 1411, 1235, 1014 cm-1.  1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 8.7 Hz, 1H), 7.86 – 7.80 (m, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H), 7.21 (d, J = 8.7 Hz, 1H), 5.01 (s, NH2), 4.57 (d, J = 16.1 Hz, 1H), 4.04 – 3.98 (m, 2H), 3.89 – 3.71 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.4 (d, J = 3.3 Hz), 148.5 (d, J = 6.5 Hz), 131.3 (d, J = 2.4 Hz), 130.6 (d, J = 3.3 Hz), 129.8 (d, J = 3.8 Hz), 128.3(s), 127.1 (s), 125.5 (s), 124.2 (s), 119.3 (s), 116.6 (d, J = 3.8 Hz), 111.1 (d, J = 5.2 Hz), 63.1 (d, J = 7.5 Hz), 62.9 (d, J = 7.3 Hz), 53.04 (d, J = 8.7 Hz), 32.9 (d, J = 150.5 Hz), 16.4 (d, J = 5.5 Hz), 16.3 (d, J = 5.6 Hz). 31P NMR (162 MHz, CDCl3) δ 20.95.




Dibutyl-(2-amino-3-cyano-4H-chromèn-4-yl)phosphonate (5a)
Yield : 69%. Green solid. M.p.: 68 °C. νmax (KBr) 3326, 3172, 2942, 2178, 1642, 1406, 1229, 1020 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 7.6 Hz, 1H), 7.27 – 7.21 (m, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 4.93 (s, NH2), 4.06 – 4.00 (m, 2H), 3.95–3.90 (m, 2H), 3.88 (d, J = 18.2 Hz, 1H), 1.70 – 1.61 (m, 2H), 1.53 – 1.44 (m, 2H), 1.41 – 1.33 (m, 2H), 1.31 – 1.23 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.84 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.6 (d, J = 3.7 Hz), 149.8 (s), 129.7 (d, J = 4.1 Hz), 129.0 (d, J = 3.4 Hz), 125.1 (d, J = 3.0 Hz), 119.2 (s), 116.4 (d, J = 3.0 Hz), 66.9 (d, J = 7.6 Hz), 66.7 (d, J = 7.5 Hz), 52.4 (d, J = 8.3 Hz), 35.4 (d, J = 148.8 Hz), 32.6 (d, J = 4.3 Hz), 32.5 (d, J = 4.3 Hz), 18.7 (s), 18.5 (s), 13.6 (s), 13.5 (s). 31P NMR (162 MHz, CDCl3) δ 21.19. HRMS (ESI+) m/z 387.14465 [M+Na]+., calcd for C18H25N2NaO4P: 387.14496.




Dibutyl-(2-amino-3-cyano-8-methoxy-4H-chromen-4-yl)phosphonate (5b)
Yield : 88%. Green solid. M.p.: 102 °C. νmax (KBr) 3334, 3177, 2187, 1644, 1405, 1232, 1021 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.06 (t, J = 8.1 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 4.96 (s, NH2), 4.06-4.00 (m, 2H), 3.98 – 3.92 (m, 2H), 3.91 (d, J = 18.3 Hz, 1H). 3.84 (s, 3H), 1.70 – 1.62 (m, 2H), 1.51 – 1.43 (m, 2H), 1.42 – 1.34 (m, 2H), 1.29-1.20 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.7 (d, J = 3.5 Hz), 147.6 (d, J = 3.3 Hz), 139.5 (d, J = 5.4 Hz), 124.9 (d, J = 3.0 Hz), 121.1 (d, J = 3.9 Hz), 119.5 (d, J = 1.3 Hz), 117.8(d, J = 5.4 Hz), 111.5 (d, J = 3.3 Hz), 66.9 (d, J = 7.6 Hz), 66.7 (d, J = 7.5 Hz), 56.1 (s), 52.2 (d, J = 8.5 Hz), 35.6 (d, J = 148.6 Hz), 32.6 (d, J = 4.5 Hz), 32.5 (d, J = 4.3 Hz), 18.8 (s), 18.6 (s), 13.7 (s), 13.6 (s). 31P NMR (162 MHz, CDCl3) δ 21.77. HRMS (ESI+) m/z 417.15524 [M+Na]+., calcd for C19H27N2NaO5P: 417.15553.




Dibutyl-(2-amino-3-cyano-7-methoxy-4H-chromen-4-yl)phosphonate (5c)
Yield : 86%. Yellow solid. M.p.: 195 °C. νmax (KBr) 3354, 3166, 2191, 1646, 1410, 1228, 1016 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.19 (dd, J = 9.0, 2.3 Hz, 1H), 6.74 (d, J = 2.5 Hz, 1H), 6.72 (d, J = 9.0 Hz, 1H), 5.77 (s, NH2), 4.35 (d, J = 18.8 Hz, 1H), 4.06 – 3.93 (m, 2H), 3.92 – 3.84 (m, 2H), 3.82 (s, 3H), 1.64-1.60 (m, 2H), 1.50-1.45 (m, 2H), 1.41 – 1.31 (m, 2H), 1.31 – 1.21 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 160.3 (d, J = 3.6 Hz), 145.6 (d, J = 3.4 Hz), 138.2 (d, J = 5.4 Hz), 125.1 (d, J = 3.2 Hz), 122.1 (d, J = 4.0Hz), 120.5 (d, J = 1.2 Hz), 116.8 (d, J = 5.4 Hz), 110.9 (d, J = 3.4 Hz), 66.81 (d, J = 7.7 Hz), 66.52 (d, J = 7.6 Hz), 55.5 (s), 52.8 (d, J = 8.4 Hz), 34.7 (d, J = 149.7 Hz), 32.6 (d, J = 4.6 Hz), 32.5 (d, J = 4.7 Hz), 18.7 (s), 18.4 (s), 13.5 (s), 13.4 (s). 31P NMR (162 MHz, CDCl3) δ 21.35. HRMS (ESI+) m/z 417.15737 [M+Na]+., calcd for C19H27N2NaO5P: 417.15553.






Dibutyl-(2-amino-5,7-di-methoxy-3-cyano-4H-chromen-4-yl)phosphonate (5d)
Yield : 73%. Yellow solid. M.p.: 189 °C. νmax (KBr) 3325, 3180, 2198, 1647, 1416, 1223, 1010 cm-1. 1H NMR (400 MHz, CDCl3) δ 6.39 (s, 1H), 6.28 (s, 1H), 4.63 (s, NH2), 4.02 – 3.94 (m, 4H), 3.86 (s, 3H), 3.81 (s, 3H), 1.71 – 1.64 (m, 2H), 1.60 – 1.55 (m, 2H), 1.49 – 1.43 (m, 2H), 1.36 – 1.29 (m, 2H), 0.93 – 0.89 (m, 3H), 0.85 (t, J = 7.4 Hz, 3H).13C NMR (101 MHz, ) δ 162.6 (d, J = 3.8 Hz), 160.8 (d, J = 3.2 Hz), 158.9 (d, J = 2.0 Hz), 153.2 (d, J = 4.9 Hz), 119.5 (s), 116.0 (s), 106.1 (s), 98.5 (d, J = 2.3 Hz), 67.1 (d, J = 8.0 Hz), 66.9 (d, J = 7.2 Hz), 55.9 (s), 55.8 (s), 53.3 (d, J = 8.1 Hz), 32.5 (d, J = 4.6 Hz), 32.4 (d, J = 4.4 Hz), 30.3 (d, J = 146.3 Hz), 18.8(s), 18.7 (s), 13.7 (s), 13.6 (s).31P NMR (162 MHz, CDCl3) δ 22.66. HRMS (ESI+) m/z 447.16626 [M+Na]+., calcd for C20H29N2NaO6P: 447.16609.




Dibutyl-(2-amino-6,8-di-tert-butyl-3-cyano-4H-chromen-4-yl)phosphonate (5e)
Yield : 96%. Orange solid. M.p.: 90 °C. νmax (KBr) 3321, 3176, 2179, 1653, 1408, 1234, 1021 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.20 (d, J = 2.4 Hz, 2H), 4.86 (s, NH2), 4.10 – 4.00 (m, 2H), 3.96 – 3.65 (m, 3H), 1.73 – 1.63 (m, 2H), 1.62 – 1.45 (m, 4H), 1.41 (s, 9H), 1.32 (s, 9H), 0.99 – 0.92 (m, 3H), 0.87 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.5 (d, J = 3.8 Hz), 147.0 (d, J = 2.9 Hz), 146.6 (d, J = 5.4 Hz), 136.5 (d, J = 3.3 Hz), 124.7 (d, J = 4.0 Hz), 123.5 (d, J = 3.3 Hz), 119.3 (s), 116.5 (d, J = 5.5 Hz), 66.7 (d, J = 7.6 Hz), 66.4 (d, J = 7.5 Hz), 52.64 (d, J = 8.7 Hz), 36.2 (d, J = 148.8 Hz), 34.9 (s), 34.5 (s), 32.6 (d, J = 4.8 Hz), 32.5 (d, J = 4.9 Hz), 31.4 (s), 30.3 (s), 18.7 (s), 18.5 (s), 13.6 (s), 13.5(s). 31P NMR (162 MHz, CDCl3) δ 21.73. HRMS (ESI+) m/z 499.27299 [M+Na]+., calcd for C26H41N2NaO4P: 499.27016.




Dibutyl-(2-amino-6-chloro-3-cyano-4H-chromen-4-yl)phosphonate (5f)
Yield : 84%. Green solid. M.p.: 70 °C. νmax (KBr) 3318, 3290, 2176, 1647, 1412, 1227, 1020 cm-1. 1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 2.3 Hz, 1H), 7.24 (dd, J = 8.7, 2.3 Hz, 1H), 6.94 (d, J = 8.7 Hz, 1H), 5.02 (s, NH2), 4.09 – 3.98 (m, 4H), 3.87 (d, J = 18.4 Hz, 1H), 1.72 – 1.64 (m, 2H), 1.63 – 1.55 (m, 2H), 1.45 – 1.33 (m, 4H), 0.95 (t, J = 6.3 Hz, 3H), 0.93 – 0.89 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 161.6 (d, J = 3.6 Hz), 148.4 (d, J = 5.2 Hz), 130.1 (d, J = 3.5 Hz), 129.3 (d, J = 4.1 Hz), 129.0 (d, J = 3.3 Hz), 119.0 (s), 118.5 (d, J = 5.9 Hz), 117.8 (d, J = 3.1 Hz), 67.0 (d, J = 7.9 Hz), 66.9 (d, J = 7.7 Hz), 51.5 (d, J = 8.3 Hz), 35.3 (d, J = 149.3 Hz), 32.5 (d, J = 4.2 Hz), 32.4 (d, J = 4.3 Hz), 18.7 (s), 18.6 (s), 13.6 (s), 13.5 (s). 31P NMR (162 MHz, CDCl3) δ 20.86. HRMS (ESI+) m/z 421.10761 [M+Na]+., calcd for C18H24ClN2NaO4P: 421.10599.




Dibutyl-(2-amino-6-bromo-3-cyano-4H-chromen-4-yl)phosphonate (5g)
Yield : 80%. beige solid. M.p.: < 50 °C. νmax (KBr) 3309, 3182, 2190, 1646, 1402, 1233, 1012 cm-1. 1H NMR (400 MHz,CDCl3) δ 7.43 (d, J = 2.1 Hz, 1H), 7.35 (dd, J = 8.7, 2.1 Hz, 1H), 6.84 (d, J = 8.7 Hz, 1H), 5.00 (s, NH2), 4.06-4.00 (m, 4H), 3.82 (d, J = 18.3 Hz, 1H), 1.67 – 1.52 (m, 4H), 1.39 – 1.29 (m, 4H), 0.89 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.7 (d, J = 3.3 Hz), 149.0 (d, J = 5.2 Hz), 132.2 (d, J = 4.1 Hz), 132.1 (d, J = 3.6 Hz), 119.1 (s), 118.9 (d, J = 5.8 Hz), 118.2 (d, J = 4.9 Hz), 117.5 (d, J = 4.9 Hz), 67.1 (d, J = 7.6 Hz), 67.0 (d, J = 7.7 Hz), 51.4 (d, J = 8.0 Hz), 35.2 (d, J = 149.4 Hz), 32.8 (d, J = 4.0 Hz), 32.6 (d, J = 4.0 Hz), 18.8 (s), 18.7 (s), 13.7 (s), 13.6 (s). 31P NMR (162 MHz, CDCl3) δ 21.66. HRMS (APCI-) m/z 441.0354 [M-H]+., calcd for C18H23BrN2O4P: 441.0579.




Dibutyl-(2-amino-3-cyano-6-methoxy-4H-chromen-4-yl)phosphonate (5h)
Yield : 94%. Green solid. M.p.: 132 °C. νmax (KBr) 3332, 3185, 2197, 1639, 1402, 1235, 1031 cm-1. 1H NMR (400 MHz, CDCl3) δ 6.88 (d, J = 8.9 Hz, 1H), 6.84 (d, J = 2.6 Hz, 1H), 6.77 (dd, J = 8.9, 2.6 Hz, 1H), 4.87 (s, NH2), 4.08 – 3.92 (m, 4H), 3.85 (d, J = 17.4 Hz, 1H), 3.76 (s, 3H), 1.70 – 1.63 (m, 2H), 1.53 – 1.45 (m, 2H), 1.41 – 1.34 (m, 2H), 1.26-1.21 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.84 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.1 (d, J = 3.4 Hz), 156.5 (d, J = 3.1 Hz), 143.9 (d, J = 6.0 Hz), 119.7 (s), 117.3 (d, J = 6.6 Hz), 115.3 (s), 113.6 (d, J = 3.8 Hz), 113.4 (s), 67.0 (d, J = 7.6 Hz), 66.7 (d, J = 7.5 Hz), 55.8 (s), 51.4 (d, J = 8.2 Hz), 35.8 (d, J = 148.5 Hz), 32.7 (d, J = 4.7 Hz), 32.6 (d, J = 4.3 Hz), 18.8(s), 18.6 (s), 13.7 (s), 13.6 (s). 31P NMR (162 MHz, CDCl3) δ 21.51. HRMS (ESI+) m/z 417.15628 [M+Na]+., calcd for C19H27N2NaO5P: 417.15553.




Dibutyl-(3-amino-2-cyano-1H-benzo[f]chromen-1-yl)phosphonate (5i)
Yield : 77%. Orange solid. M.p.: 138 °C. νmax (KBr) 3346, 3175, 2178, 1648, 1405, 1232, 1022 cm-1. 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.7 Hz, 1H), 7.84 – 7.79 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.20 (d, J = 8.7 Hz, 1H), 4.96 (s, NH2), 4.57 (d, J = 16.2 Hz, 1H), 3.98-3.94 (m, 2H), 3.83 – 3.73 (m, 2H), 1.57 – 1.47 (m, 4H), 1.36 – 1.26 (m, 4H), 0.88 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.4 (d, J = 3.3 Hz), 148.5 (d, J = 6.5 Hz), 131.3 (s), 129.8 (s), 128.3 (s), 127.1 (s), 125.4 (s), 124.1 (s), 121.2 (s), 119.3 (s), 116.6 (d, J = 3.9 Hz), 111.1 (s) , 66.7 (d, J = 7.8 Hz), 66.6 (d, J = 7.5 Hz), 53.10 (d, J = 8.1 Hz), 32.8 (d, J = 150.6 Hz), 32.6 (d, J = 5.6 Hz), 32.5 (d, J = 5.6 Hz), 18.6 (s), 18.5 (s), 13.6 (s), 13.5 (s). 31P NMR (162 MHz, CDCl3) δ 21.72. HRMS (ESI+) m/z 437.16159 [M+Na]+., calcd for C22H27N2NaO4P: 437.16061.





4. DPPH radical scavenging
To 3 mL of a DPPH free radical solution in EtOH (0.1mM) was added 1mL of each test sample and standard (Asc: ascorbic acid) solution in ethanol at concentrations of 100 µg/mL. The absorbance was measured at 517 nm at t = 0 min with Spectrophotometer UV–Visible (Jeway 6300) and after 30 min, 3h and 24h incubation in dark at room temperature. Percentage inhibition of DPPH free radical (I%) was calculated in the following way: 

Where Abs Control is the absorbance of DPPH radical + ethanol; Abs Sample is the absorbance of DPPH radical + test sample/standard Asc.
















5. 1H, 13C, and 31P NMR spectra of new compounds
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