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General information 

The reactions under conventional heating were carried out in an oil bath.  

High‐performance liquid chromatography‐mass spectrometry (HPLC-MS) measurements were 

performed with an Agilent 1200 liquid chromatography system coupled with a 6130 quadrupole 

mass spectrometer equipped with an ESI ion source (Agilent Technologies, Palo Alto, CA, 

USA). Analysis was performed at 40 ºC on a Gemini C18 column (150 mm × 4.6 mm, 3 µm; 

Phenomenex, Torrance, CA, USA) with a mobile phase flow rate of 0.6 mL/min. Composition 

of eluent A was 0.1% (NH4)(HCOO) in water; eluent B was 0.1% (NH4)(HCOO) and 8% water 

in acetonitrile, 0–3 min 5% B, 3–13 min gradient, 13–20 min 100% B. The injection volume 

was 2 μL. The chromatographic profile was registered at 254 nm. The MSD operating 

parameters were as follows: positive ionization mode, scan spectra from m/z 120 to 1000, 

drying gas temperature 300 ºC, nitrogen flow rate 12 L/min, nebulizer pressure 60 psi, capillary 

voltage 4000 V. 

High resolution mass spectrometric measurements were performed using a Sciex 5600+ Q‐

TOF mass spectrometer in positive electrospray mode. 

The 31P, 1H, 13C, NMR spectra were taken in CDCl3 solution on a Bruker AV-300 spectrometer 

operating at 121.5, 75.5 and 300 MHz, respectively. Chemical shifts are downfield relative to 

85% H3PO4 and TMS. Non-equivalence effect was observed in 1H and 13C{1H} NMR spectra. 

Corresponding pairs of resonances were marked with (I) and (II). 

 

General procedure for the synthesis of (2-amino-3-cyano-4H-chromen-4-yl) phosphonate 

derivatives 

The mixture of 1.0 mmol salicylaldehyde derivative (0.11 ml of salicylaldehyde, 0.14 g of 5-

fluoro-2-hydroxybenzaldehyde, 0.16 g of 2-chloro-5-hydroxybenzaldehyde, 0.20 g of 3-bromo-

2-hydroxybenzaldehyde, 0.17 g of 3-ethoxy-5-hydroxybenzaldehyde, 0.14 g of 2,3-

dihydroxybenzaldehyde), 1.0 mmol malononitrile (0.066 g) and 1.0 mmol dialkyl phosphite 

(0.10 ml of dimethyl phosphite, 0.13 ml of diethyl phosphite, 0.17 ml of di(i-propyl) phosphite, 

0.20 ml of dibutyl phosphite, 0.22 ml of dibenzyl phosphite, 0.19 ml of diphenyl phosphite, 

0.15 ml of ethyl phenyl-H-phosphinate), and basic catalysts (0.05 mmol [0.007 ml of DPA, 

0.007 ml of TEA, 0.009 ml of DIPEA, 0.008 ml of DBU, 0.008 ml of DMAP, 0.005 ml of 

DABCO, 0.007 ml of TMEDA or 0.010 ml of PMDTA] or 0.10 mmol [0.021 ml] of PMDTA) 

was stirred at 60-80 °C for 15-45 min in an oil bath. In the experiments marked by Table 1, 

entries 9 and 10 1 ml of ethanol or acetonitrile was used as the solvent. The composition of the 
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reaction mixtures was analysed by high pressure liquid chromatography (HPLC). The mixtures 

were dissolved in ethyl acetate and were cooled down to 5 °C. After 3-4 h, precipitated product 

was filtered out. The following products were thus prepared: 

 

Diethyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2a) 

Yield: 92% (0.28 g), pale yellow crystal; Mp: 138-140 °C; Mp[S1]: 138-140 °C; 
1H NMR (CDCl3) δ: 1.17 (t, JHH = 7.1, 3H, CH3

I), 1.34 (t, JHH = 7.0, 3H, CH3
II), 3.88 (d, 2JHP = 

17.9, 1H, CHP), 3.90-4.04 (m, 2H, CH2
I), 4.08-4.15 (m, 2H, CH2

II), 4.91 (brs, 2H, NH2), 6.97 (d, 

JHH = 8.2, 1H, ArH), 7.11-7.16 (m, 1H, ArH), 7.22-7.28 (m, 1H, ArH), 7.32-7.36 (m, 1H, ArH);  

1H NMR (CDCl3) δ [S1]: 1.22 (t, JHH = 6.93, 3H, CH3
I), 1.34 (t, JHH = 6.97, 3H, CH3

II), 3.89 (d, 
2JHP = 17.95, 1H, CHP), 3.15-4.15 (m, 4H, CH2), 5.09 (brs, 2H, NH2), 6.94 (d, JHH = 8.12, 1H, 

ArH), 7.11 (d, JHH = 7.64, 1H, ArH), 7.21-7.32 (m, 2H, ArH), 7.32-7.36 (m, 1H, ArH);  31P NMR 

(CDCl3) δ: 21.8; δ[S2] (CDCl3) 21.2; [M+H]+
found = 309.1005, C14H18N2O4P requires 309.1004. 

 

Dimethyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2b) 

Yield: 90% (0.25 g), pale yellow crystal; Mp: 146-148 °C; Mp[S1]: 148-152 °C; 
1H NMR (CDCl3) δ: 3.65 (d, JHP = 10.4, 3H, CH3

I), 3.76 (d, JHP = 10.7, 3H, CH3
II), 3.92 (d, 2JHP 

= 17.9, 1H, CHP), 4.95 (brs, 2H, NH2), 6.99 (d, JHH = 8.2, 1H, ArH), 7.12-7.17 (m, 1H, ArH), 

7.24-7.29 (m, 1H, ArH), 7.31-7.35 (m, 1H, ArH); 1H NMR (CDCl3) δ [S1]: 3.67 (d, JHP = 10.47, 

3H, CH3
I), 3.76 (d, JHP = 9.15, 3H, CH3

II), 3.96 (d, 2JHP = 17.68, 1H, CHP), 5.11 (brs, 2H, NH2), 

6.97 (d, JHH = 8.06, 1H, ArH), 7.15 (d, JHH = 7.42, 1H, ArH), 7.23-7.33 (m, 2H, ArH); 31P NMR 

(CDCl3+DMSO-d6) δ: 29.4; δ[S2] (CDCl3) 24.2; [M+H]+
found = 281.0699, 

C12H15N2O4P requires 281.0691. 

 

Dibutyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2c) 

Yield: 92% (0.33 g), pale yellow crystal; Mp: 145-147 °C; Mp[S2]:149-152 °C; 1H NMR 

(CDCl3) δ: 0.85 (t, JHH = 7.4, 3H, CH3CH2
I), 0.92 (t, JHH = 7.4, 3H, CH3CH2

II), 1.23-1.31 (m, 

2H, CH3CH2CH2
I), 1.35-1.43 (m, 2H, CH3CH2CH2

II), 1.46-1.52 (m, 2H, CH2CH2OI), 1.63-1.70 

(m, 2H, CH2CH2OII), 3.80-3.96 [3.89 (d, 2JHP = 18.1, CHP) overlapped by the multiplet of 

OCH2
I total int. 3H], 3.80-3.96 (m, 2H, OCH2

II), 4.86 (brs, 2H, NH2), 6.97 (d, JHH = 8.3, 1H, 

ArH), 7.11-7.15 (m, 1H, ArH), 7.23-7.27 (m, 1H, ArH), 7.32-7.36 (m, 1H, ArH); 1H NMR 

(CDCl3) δ [S2]: 0.83 (t, JHH = 7.4, 3H, CH3CH2
I), 0.89 (t, JHH = 7.4, 3H, CH3CH2

II), 1.17-1.65 

(m, 8H, CH3CH2CH2, CH2CH2O), 4.07-3.96 (m, 5H, OCH2, CHP), 5.15 (brs, 2H, NH2), 6.94 

(d, JHH = 8.2, 1H, ArH), 7.10 (t, JHH = 7.5, 1H, ArH), 7.21-7.24 (m, 1H, ArH), 7.30 (dt, JHH = 
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7.6, 1H, ArH); 31P NMR (CDCl3) δ: 21.9; δ[S2] (CDCl3) 21.8; [M+H]+
found = 365.1639, 

C18H28N2O4P requires 365.1630. 

 

Di(i-propyl) (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2d) 

Yield: 84% (0.28 g); Mp: 125-130 °C; Mp[S3]: 115-117 °C; 1H NMR (CDCl3) δ: 1.05(d, JHH = 

6.1, 3H, CH3
I), 1.25 (d, JHH = 6.3, 3H, CH3

II), 1.34 (d, JHH = 6.3, 3H, CH3
III), 1.35 (d, JHH = 6.3, 

3H, CH3
IV), 3.80 (d, 2JHP = 18.0, 1H, CHP), 4.36-4.50 (m, 1H, OCHI), 4.61-4.75 (m, 1H, OCHII), 

5.75 (brs, 2H, NH2), 6.97 (d, JHH = 8.1, 1H, ArH), 7.08-7.18 (m, 1H, ArH), 7.20-7.30 (m, 1H, 

ArH), 7.36 (d, JHH = 7.7, 1H, ArH); 1H NMR (CDCl3) δ [S4]: 1.02(d, JHH = 6.4, 3H, CH3
I), 1.22 

(d, JHH = 4.0, 3H, CH3
II), 1.33 (t, JHH = 6.4, 6H, CH3

III, CH3
IV), 3.77 (d, 2JHP = 18.4, 1H, CHP), 

4.39-4.69 (m, 2H, OCH), 4.94 (brs, 2H, NH2), 6.93 (d, JHH = 8.4, 1H, ArH), 7.12 (t, JHH = 7.6, 

1H, ArH), 7.20 (d, JHH = 6.0, 1H, ArH), 7.34 (d, JHH = 7.6, 1H, ArH); 31P NMR (CDCl3+DMSO-

d6) δ: 21.2; δ[S4] (CDCl3) 19.4; [M+H]+
found = 337.1318, C16H22N2O4P requires 337.1317. 

 

Dibenzyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2e) 

Yield: 85% (0.37 g), pale yellow crystal; Mp: 139-140 °C; 1H NMR (CDCl3+DMSO-d6) δ: 

3.97 (d, 2JHP = 17.4, 1H, CHP), 4.80-4.93 (m, 2H, PhCH2
I), 4.96 (d, JHH = 8.3, 2H, PhCH2

II), 

6.04 (brs, 2H, NH2), 6.90-7.00 (m, 1H, ArH), 7.04-7.13 (m, 1H, ArH), 7.16-7.38 (m, 12H, 

ArH); 13C NMR (CDCl3+DMSO-d6) δ: 35.8 (d, 1JCP = 147.4, C4), 49.2 (d, 2JCP = 7.9, C3), 68.0 

(d, 2JCP = 10.2, PhCH2
I), 68.1 (d, 2JCP = 10.3, PhCH2

II), 116.4 (d, JCP = 3.3), 116.5 (d, JCP = 5.6), 

120.0, 124.6 (d, JCP = 2.9), 127.7 (C3
’I), 127.9 (C3

’II), 128.1 (C4
’I), 128.2 (C4

’II), 128.3 (C2
’I), 

128.4 (C2
’II), 128.9 (d, JCP = 3.4), 129.4 (d, 3JCP= 4.2), 136.0 (d, 3JCP = 5.8, C1

’I), 136.1 (d, 3JCP 

= 5.5, C1
’II), 149.9 (d, 3JCP = 5.3, C8a), 162.6 (d, 3JCP = 3.2, C2); 31P NMR (CDCl3+DMSO-d6) 

δ: 28.0; [M+H]+
found = 433.1317, C24H22N2O4P requires 433.1317. 

 

Diphenyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (2f) 

Yield: 90% (0.36 g), pale yellow crystal; Mp: 139-140 °C; 1H NMR (DMSO-d6) δ: 4.77 (d, 
2JHP = 17.0, 1H, CHP), 6.80-6.95 (m, 2H, ArH), 6.96-7.60 [7.42 (brs, NH2) overlapped by the 

multiplet of ArH total int. 14H]; 13C NMR (DMSO-d6) δ: 36.1 (d, 1JCP = 147.0, C4), 47.0 (d, 
2JCP = 7.9, C3), 116.7 (d, JCP = 3.4), 117.0 (d, JCP = 5.1), 120.5, 120.7 (d, JCP = 10.1, C3

’I), 120.8 

(d, JCP = 10.1, C3
’II), 125.1 (d, JCP = 3.4), 125.6 (C4

’I), 125.7 (C4
’II), 129.9 (d, JCP = 3.8), 130.29 

(d, 3JCP = 4.0, C2
’I), 130.31 (d, 3JCP = 3.9, C2

’II), 130.4 (d, 3JCP= 4.7, C5), 150.56 (d, 2JCP = 10.3, 

C1
’I), 150.59 (d, 3JCP = 5.9, C8A), 150.64 (d, 2JCP = 10.5, C1

’II), 163.6 (d, 3JCP = 2.7, C2); 31P 

NMR (DMSO-d6) δ: 16.2; [M+H]+
found = 404.1006, C22H18N2O4P requires 404.1004. 
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Ethyl (2-amino-3-cyano-4H-chromen-4-yl)(phenyl)phosphinate (2g) 

Yield: 86% (0.29 g), pale yellow crystal; Mp: 173-180 °C; Isomer A: 
1H NMR (CDCl3+DMSO-d6) δ: 1.40 (t, JHH = 7.0, 3H, CH3), 3.84-4.25 [4.03 (d, 2JHP = 14.6, 

CHP) overlapped by the multiplet of CH2 total int. 3H], 6.43 (brs, 2H, NH2), 6.66-6.75 (m, 1H, 

ArH), 6.95-7.04 (m, 1H, ArH), 7.05-7.25 (m, 2H, ArH), 7.28-7.59 (m, 5H, ArH); 13C NMR 

(CDCl3+DMSO-d6) δ: 16.5 (d, 3JCP = 6.0, CH3), 38.6 (d, 1JCP = 98.6, C4), 48.5 (d, 2JCP = 4.4, 

C3), 61.3 (d, 2JCP = 7.6, CH2O), 115.7 (d, JCP = 3.0), 116.7 (d, JCP = 2.7), 120.1, 124.3 (d, JCP = 

2.4), 127.95 (d, 1JCP = 124.3, C1
’), 128.00 (d, 3JCP = 11.9, C3

’), 128.6 (d, JCP = 3.4, C4
’), 129.8 

(d, JCP = 3.9), 132.3 (d, 2JCP = 7.5, C2
’), 132.4 (d, 3JCP = 2.6), 149.9 (d, 3JCP = 4.9, C8a), 162.5 

(d, 3JCP = 2.7, C2); 31P NMR (CDCl3+DMSO-d6) δ: 42.8; 

Isomer B: 1H NMR (CDCl3+DMSO-d6) δ: 1.30 (t, JHH = 7.0, 3H, CH3), 3.84-4.25 [3.98 (d, 
2JHP = 14.9, CHP) overlapped by the multiplet of CH2 total int. 3H], 6.50 (brs, 2H, NH2), 6.77-

6.85 (m, 1H, ArH), 6.87-6.94 (m, 1H, ArH), 7.05-7.25 (m, 2H, ArH), 7.28-7.59 (m, 5H, ArH); 
13C NMR (CDCl3+DMSO-d6) δ: 16.5 (d, 3JCP = 5.7, CH3), 39.0 (d, 1JCP = 100.6, C4), 47.8 (d, 
2JCP = 5.4, C3), 61.3 (d, 2JCP = 6.9, CH2O), 116.1 (d, JCP = 2.7), 117.4 (d, JCP = 3.1), 120.1, 

124.1 (d, JCP = 2.7), 128.2 (d, 3JCP = 11.9, C3
’), 128.4 (d, 1JCP = 120.8, C1

’), 128.7 (d, JCP = 3.5, 

C4
’), 129.2 (d, JCP = 4.0), 132.4 (d, 2JCP = 7.9, C2

’), 132.5 (d, 3JCP = 3.2), 150.2 (d, 3JCP = 4.7, 

C8a), 162.8 (d, 3JCP = 2.5, C2); 31P NMR (CDCl3+DMSO-d6) δ: 41.8; [M+H]+
found = 341.1057, 

C18H18N2O3P requires 341.1055.  

 

Diethyl (2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphonate (3a) 

Yield: 91% (0.30 g), pale orange crystal; Mp: 159-161 °C; 1H NMR (CDCl3) δ: 1.25 (t, JHH = 7.0, 

3H, CH3
I), 1.35 (t, JHH = 7.1, 3H, CH3

II), 3.86 (d, 2JHP = 18.4, 1H, CHP), 3.98-4.21 (m, 4H, CH2), 

5.17 (brs, 2H, NH2), 6.89-7.01 (m, 2H, ArH), 7.02-7.13 (m, 1H, ArH); 13C NMR (CDCl3) δ: 16.34 

(d, 3JCP = 6.0, CH3
I), 16.35 (d, 3JCP = 5.6, CH3

II), 35.7 (dd, 1JCP = 148.9, JCF = 1.4, C4), 50.6 (d, 2JCP 

= 8.1, C3), 63.1 (d, 2JCP = 7.4, CH2OI), 63.4 (d, 2JCP = 7.5, CH2OII), 115.8 (t, JCP = 3.9), 116.1 (dd, 

JCP = 3.7, JCF = 5.0), 117.8 (dd, JCP = 3.3, JCF = 8.6), 118.4 (dd, JCP = 5.9, JCF = 8.4), 119.3, 146.0 

(dd, 3JCP = 5.1, JCF = 2.6, C8a), 159.1 (dd, JCP = 3.5, 1JCF = 244.4, C6), 162.1 (d, 3JCP = 3.5, C2); 31P 

NMR (CDCl3) δ: 21.1; [M+H]+
found = 327.0913, C14H17FN2O4P requires 327.0910.  

 

Dibutyl (2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphonate (3c) 

Yield: 88% (0.34 g), pale yellow crystal; Mp: 115-117 °C; 1H NMR (CDCl3) δ: 0.88 (t, JHH = 

7.3, 3H, CH3CH2
I), 0.93 (t, JHH = 7.4, 3H, CH3CH2

II), 1.17-1.48 (m, 4H, CH3CH2), 1.48-1.78 

(m, 4H, CH2CH2O), 3.76-4.16 [3.87 (d, 2JHP = 18.5, CHP) overlapped by the multiplet of CH2O 
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total int. 5H], 5.01 (brs, 2H, NH2), 6.81-7.01 (m, 2H, ArH), 7.01-7.16 (m, 1H, ArH); 13C NMR 

(CDCl3) δ: 13.51 (CH3CH2
I), 13.54 (CH3CH2

II), 18.5 (CH3CH2
I), 18.6 (CH3CH2

II), 32.49 (d, 
3JCP = 6.2, CH2CH2OI), 32.50 (d, 3JCP = 6.1, CH2CH2OII), 35.6 (dd, 1JCP = 149.4, JCF = 1.1, C4), 

51.2 (d, 2JCP = 8.1, C3), 66.7 (d, 2JCP = 7.6, CH2OI), 67.0 (d, 2JCP = 7.7, CH2OII), 115.7 (dd, JCP 

= 3.6, JCF = 11.6), 116.1 (dd, JCP = 3.2, JCF = 13.1), 117.7 (dd, JCP = 3.2, JCF = 8.6), 118.4 (dd, 

JCP = 2.5, JCF = 5.9), 119.1, 145.9 (dd, 3JCP = 5.2, JCF = 2.1, C8a), 159.1 (dd, JCP = 3.8, 
1JCF = 240.7, C6), 161.8 (d, 3JCP = 3.4, C2); 31P NMR (CDCl3) δ: 21.2; [M+H]+

found = 383.1539, 

C18H25FN2O4P requires 383.1536.  

 

Dibenzyl (2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphonate (3e) 

Yield: 83% (0.37 g), pale yellow crystal; Mp: 177-179 °C; 1H NMR (DMSO-d6) δ: 4.35 (d, 
2JHP = 18.3, 1H, CHP), 4.89-4.98 (m, 4H, PhCH2), 7.00-7.05 (m, 2H, ArH), 7.10-7.16 (m, 1H, 

ArH), 7.22-7.35 [7.25 (brs, NH2) overlapped by the multiplet of ArH, total int. 12H]; 13C NMR 

(DMSO-d6) δ: 35.4 (dd, 1JCP = 144.8, JCF = 1.3, C4), 47.1 (d, 2JCP = 7.5, C3), 67.8 (d, 2JCP = 7.1, 

PhCH2
I), 68.0 (d, 2JCP = 7.1, PhCH2

II), 116.0 (t, JCP = 4.1), 116.3 (t, JCP = 4.8), 118.1 (dd, JCP = 

2.7, JCF = 5.7), 120.1 (dd, JCP = 5.3, JCF = 8.6), 120.5, 128.0 (C2
’I), 128.1 (C2

’II), 128.64 (C4
’I), 

128.65 (C4
’II), 128.86 (C3

’I), 128.87 (C3
’II), 136.78 (d, 3JCP = 6.2, C1

’I), 136.84 (d, 3JCP = 6.0, 

C1
’II), 146.8 (dd, 3JCP = 5.2, JCF = 2.3, C8a), 158.5 (dd, JCP = 3.5, 1JCF = 240.6, C6), 163.3 (d, 

3JCP = 2.7, C2); 31P NMR (DMSO-d6) δ: 23.1; [M+H] +
found = 451,1225, C24H21FN2O4P 

requires: 451,1223. 

 

Diethyl (2-amino-3-cyano-5-chloro-4H-chromen-4-yl)phosphonate (4a) 

Yield: 90% (0.31 g), pale yellow crystal; Mp: 178-180 °C; 1H NMR (CDCl3) δ: 1.28 (t, JHH = 7.1, 

3H, CH3
I), 1.32 (t, JHH = 7.0, 3H, CH3

II), 3.94-4.19 (m, 4H, CH2), 4.24 (d, 2JHP = 17.5, 1H, CHP), 

5.03 (brs, 2H, NH2), 6.87-7.02 (m, 1H, ArH), 7.12-7.32 (m, 2H, ArH); 13C NMR (CDCl3) δ: 16.4 

(d, 3JCP = 5.7, CH3
I), 16.5 (d, 3JCP = 5.7, CH3

II), 34.1 (d, 1JCP = 149.4, C4), 51.9 (d, 2JCP = 8.2, C3), 

63.2 (d, 2JCP = 7.6, CH2OI), 63.3 (d, 2JCP = 7.5, CH2OII), 115.4 (d, JCP = 3.2), 117.4 (d, JCP = 4.6), 

119.1, 126.2 (d, JCP = 2.8), 129.2 (d, JCP = 3.4), 133.4 (d, JCP = 5.3, C5), 151.7 (d, 3JCP = 5.0, C8a), 

162.8 (d, 3JCP = 3.5, C2); 31P NMR (CDCl3) δ: 21.4; [M+H]+
found = 343.0618, C14H17ClN2O4P 

requires 343.0615. 

 

Dibutyl (2-amino-3-cyano-5-chloro-4H-chromen-4-yl)phosphonate (4c) 

Yield: 90% (0.36 g), pale yellow crystal; Mp: 129-130 °C; 1H NMR (CDCl3) δ: 0.89 (t, JHH = 

7.1, 3H, CH3CH2
I), 0.91 (t, JHH = 7.1, 3H, CH3CH2

II), 1.23-1.47 (m, 4H, CH3CH2CH2), 1.50-
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1.73 (m, 4H, CH2CH2O), 3.82-4.15 (m, 4H, CH2), 4.23 (d, 2JHP = 17.5, 1H, CHP), 5.28 (brs, 

2H, NH2), 6.84-7.06 (m, 1H, ArH), 7.08-7.36 (m, 2H, ArH); 13C NMR (CDCl3) δ: 13.60 

(CH3CH2
I), 13.62 (CH3CH2

II), 18.6 (CH3CH2CH2), 32.55 (d, 3JCP = 4.1, CH2CH2OI), 32.63 (d, 
3JCP = 4.6, CH2CH2OII), 34.0 (d, 1JCP = 149.5, C4), 52.0 (d, 2JCP = 8.1, C3), 66.7 (d, 2JCP = 7.8, 

CH2OI), 66.9 (d, 2JCP = 7.9, CH2OII), 115.3 (d, JCP = 3.3), 117.5 (d, JCP = 4.7), 119.0, 126.1 (d, 

JCP = 2.8), 129.1 (d, JCP = 3.3), 133.3 (d, JCP = 5.2, C5), 151.6 (d, 3JCP = 5.2, C8a), 162.7 (d, 3JCP 

= 3.5, C2); 31P NMR (CDCl3) δ: 21.5; [M+H]+
found = 399.1245, C18H25ClN2O4P requires 

399.1241.  

 

Dibenzyl (2-amino-3-cyano-5-chloro-4H-chromen-4-yl)phosphonate (4e) 

Yield: 82% (0.38 g), pale yellow crystal; Mp: 182-184 °C; 1H NMR (DMSO-d6) δ: 4.25 (d, 
2JHP = 17.1, 1H, CHP), 4.83-5.08 (m, 4H, PhCH2), 7.05 (d, JHH = 7.6, 1H, ArH), 7.18-7.41 (m, 

12H, ArH), 7.46 (brs, 2H, NH2); 13C NMR (DMSO-d6) δ: 35.6 (d, 1JCP = 146.6, C4), 47.9 (d, 
2JCP = 7.6, C3), 67.95 (d, 2JCP = 13.4, PhCH2

I), 68.04 (d, 2JCP = 13.3, PhCH2
II), 115.9 (d, JCP = 

2.8), 117.9 (d, JCP = 4.3), 120.1, 126.1 (d, JCP = 2.4), 128.0 (C2
’I), 128.1 (C2

’II), 128.59 (C4
’I), 

128.60 (C4
’II), 128.81 (C3

’I), 128.83 (C3
’II), 130.3 (d, JCP = 3.5), 132.7 (d, 3JCP= 5.3, C5), 136.7 

(d, 3JCP = 5.9, C1
’I), 136.8 (d, 3JCP = 6.0, C1

’II), 151.9 (d, 3JCP = 4.9, C8a), 163.7 (d, 3JCP = 2.8, 

C2); 31P NMR (DMSO-d6) δ: 22.7; [M+H]+
found = 467.0930, C24H21ClN2O4P requires 467.0927. 

 

Diethyl (2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphonate (5a) 

Yield: 87% (0.34 g), pale yellow crystal; Mp: 183-185 °C; 1H NMR (CDCl3+DMSO-d6) δ: 1.21 

(t, JHH = 7.0, 3H, CH3
I), 1.33 (t, JHH = 7.0, 3H, CH3

II), 3.91 (d, 2JHP = 18.0, 1H, CHP), 3.95-4.16 

(m, 4H, CH2), 6.44 (brs, 2H, NH2), 6.96-7.08 (m, 1H, ArH), 7.21-7.32 (m, 1H, ArH), 7.43-7.54 

(m, 1H, ArH); 13C NMR (CDCl3+DMSO-d6) δ: 16.3 (d, 3JCP = 5.3, CH3
I), 16.4 (d, 3JCP = 5.5, 

CH3
II), 36.0 (d, 1JCP = 147.9, C4), 49.4 (d, 2JCP = 8.0, C3), 62.8 (d, 2JCP = 7.3, CH2OI), 63.1 (d, 

2JCP = 7.5, CH2OII), 110.1 (d, JCP = 3.9), 119.2 (d, JCP = 5.4), 119.6, 125.3 (d, JCP = 3.1), 128.6 

(d, JCP = 4.3), 132.5 (d, JCP = 3.7, C8), 146.9 (d, 3JCP = 5.1, C8a), 162.2 (d, 3JCP = 3.4, C2); 31P 

NMR (CDCl3+DMSO-d6) δ: 26.4; [M+H]+
found = 387.0109, C14H17BrN2O4P requires 387.0109. 

 

Dibenzyl (2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphonate (5e) 

Yield: 70% (0.36 g), pale yellow crystal; Mp: 163-165 °C; 1H NMR (DMSO-d6) δ: 4.43 (d, 
2JHP = 18.0, 1H, CHP), 4.83-5.04 (m, 4H, PhCH2), 7.00-7.12 (m, 1H, ArH), 7.16-7.44 [7.38 

(brs, NH2) overlapped by the multiplet of ArH total int. 13H], 7.53-7.64 (m, 1H, ArH); 13C 
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NMR (DMSO-d6) δ: 35.6 (d, 1JCP = 144.4, C4), 48.0 (d, 2JCP = 7.6, C3), 67.8 (d, 2JCP = 7.0, 

PhCH2
I), 67.9 (d, 2JCP = 7.0, PhCH2

II), 109.9 (d, JCP = 4.0), 120.1, 120.4 (d, JCP = 5.2), 126.0 (d, 

JCP = 3.1), 127.95 (C2
’I), 128.01 (C2

’II), 128.59 (C4
’I), 128.60 (C4

’II), 128.8 (C3
’), 129.4 (d, 

JCP = 5.0), 132.9 (d, 3JCP= 2.9, C8), 136.8 (d, 3JCP = 6.2, C1
’), 147.3 (d, 3JCP = 4.9, C8a), 162.8 (d, 

3JCP = 2.7, C2); 31P NMR (DMSO-d6) δ: 23.4; [M+H]+
found = 511.0425, C24H21N2O4P requires 

511.0422. 

 

Diethyl (2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphonate (6a) 

Yield: 96% (0.34 g), white crystal; Mp: 181-183 °C; Mp[S2]: 181-183 °C; 
1H NMR (CDCl3) δ: 1.17 (t, JHH = 7.0, 3H, CH3

I), 1.34 (t, JHH = 7.0, 3H, CH3
II), 1.42 (t, JHH = 

7.0, 3H, C8OCH2CH3), 3.87 (d, 2JHP = 17.8, 1H, CHP), 3.90-4.02 (m, 2H, CH2
I), 4.04-4.16 (m, 

4H, CH2
II, OCH2CH3), 4.94 (brs, 2H, NH2), 6.82-6.85 (m, 1H, ArH), 6.89-6.92 (m, 1H, ArH), 

7.02-7.06 (m, 1H, ArH); 1H NMR (CDCl3) δ [S2]: 1.17 (t, JHH = 7.1, 3H, CH3
I), 1.34 (t, JHH = 

7.1, 3H, CH3
II), 1.41 (t, JHH = 7.0, 3H, C8OCH2CH3), 3.87 (d, 2JHP = 17.8, 1H, CHP), 3.91-4.14 

(m, 6H, CH2, OCH2CH3), 5.06 (brs, 2H, NH2), 6.83 (dt, JHH = 8.2, JHH = 1.6, 1H, ArH), 6.90 (dd, 

JHH = 6.4, JHH = 1.4, 1H, ArH), 7.04 (t, JHH = 8.0, 1H, ArH); 31P NMR (CDCl3+DMSO-d6) δ: 

26.1; δ[S2] (CDCl3) 22.3; [M+H]+
found = 353.1267, C16H22N2O5P requires 353.1266. 

 

Dibenzyl (2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphonate (6e) 

Yield: 85% (0.40 g), white crystal; Mp: 160-162 °C; 1H NMR (DMSO-d6) δ: 1.33 (t, JHH = 6.9, 

3H, OCH2CH3), 3.98-4.16 (m, 2H, OCH2CH3), 4.29 (d, 2JHP = 17.5, 1H, CHP), 4.84-5.02 (m, 

4H, PhCH2), 6.75-6.89 (m, 1H, ArH), 6.94-7.10 (m, 2H, ArH), 7.14-7.43 [7.22 (brs, NH2) 

overlapped by the multiplet of ArH total int. 12H]; 13C NMR (DMSO-d6) δ: 15.1 (OCH2CH3), 

35.5 (d, 1JCP = 144.8, C4), 47.6 (d, 2JCP = 7.5, C3), 64.7 (OCH2CH3), 67.7 (d, 2JCP = 7.0, PhCH2
I), 

67.8 (d, 2JCP = 7.1, PhCH2
II), 113.6 (d, JCP = 2.6), 119.0 (d, JCP = 4.9), 120.6, 121.2 (d, JCP = 

4.2), 124.6 (d, JCP = 2.4), 127.9 (C2
’I), 128.0 (C2

’II), 128.52 (C4
’I), 128.54 (C4

’II), 128.81 (C3
’I), 

128.82 (C3
’II), 136.9 (d, 3JCP = 6.2, C1

’), 140.1 (d, 3JCP= 5.5, C8), 146.9 (d, 3JCP = 3.4, C8a), 163.2 

(d, 3JCP = 2.7, C2); 31P NMR (DMSO-d6) δ: 23.9; [M+H]+
found = 477.1579, C26H26N2O5P 

requires 477.1579. 

 

Diethyl (2-amino-3-cyano-8-hydroxy-4H-chromen-4-yl)phosphonate (7a) 

Yield: 82% (0.27 g), pale yellow crystal; Mp: 217-218 °C; 1H NMR (CDCl3+DMSO-d6) δ: 

1.22 (t, JHH = 7.0, 3H, CH3
I), 1.31 (t, JHH = 7.1, 3H, CH3

II), 3.84 (d, JHP = 17.8, 1H, CHP), 3.91-
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4.14 (m, 4H, CH2), 6.34 (brs, 2H, NH2), 6.68-6.78 (m, 1H, ArH), 6.78-6.87 (m, 1H, ArH), 6.87-

6.97 (m, 1H, ArH), 9.04 (brs, 1H, OH); 13C NMR (CDCl3+DMSO-d6) δ: 16.37 (d, 3JCP = 5.3, 

CH3
I), 16.41 (d, 3JCP = 5.4, CH3

II), 35.8 (d, 1JCP = 147.8, C4), 49.2 (d, 2JCP = 7.7, C3), 62.6 (d, 
2JCP = 7.3, CH2OI), 62.9 (d, 2JCP = 7.5, CH2OII), 115.8 (d, JCP = 3.3), 118.2 (d, JCP = 5.0), 119.2 

(d, JCP = 4.3), 120.2, 124.4 (d, JCP = 3.0), 138.7 (d, 3JCP = 5.3, C8a), 145.3 (d, JCP = 3.3, C8), 

162.8 (d, 3JCP = 3.0, C2); 31P NMR (CDCl3+DMSO-d6) δ: 27.1; [M+H]+
found = 325.0954, 

C14H18N2O5P requires 325.0953. 

 

General procedure for the synthesis of (2-amino-3-cyano-4H-chromen-4-yl) phosphine 

oxide derivatives 

A mixture of 1.0 mmol salicylaldehyde derivative (0.11 ml of salicylaldehyde, 0.14 g of 5-

fluoro-2-hydroxybenzaldehyde, 0.16 g of 2-chloro-5-hydroxybenzaldehyde, 0.20 g of 3-bromo-

2-hydroxybenzaldehyde, 0.17 g of 3-ethoxy-5-hydroxybenzaldehyde), 1.0 mmol malononitrile 

(0.066 g), 1.0 mmol secunder phophine oxide (0.20 g of diphenylphosphine oxide, 0.23 g of 

bis(para-tolyl)phosphine oxide, 0.26 g bis(3,5-dimethylphenyl)phosphine oxide, or 0.30 g of 

di(naphtalene-2-yl)phosphine oxide), 0.05 mmol (0.010 ml) of PMDTA was stirred in 2 ml of 

acetonitrile at 60 °C for 15 min in an oil bath. The reaction mixtures were cooled down to 5 °C. 

After 3-4 h, precipitated product was filtered out and washed with acetonitrile. The following 

products were thus prepared: 

 

(Diphenyl)(2-amino-3-cyano-4H-chromen-4-yl)phosphine oxide (8a) 

Yield: 92% (0.34 g), white crystal; Mp: 213-214 °C; 1H NMR (CDCl3+DMSO-d6) δ: 4.70 (d, 
2JHP = 5.9, 1H, CHP), 6.70 (brs, 2H, NH2), 6.71-6.75 (m, 1H, ArH), 6.82-6.88 (m, 2H, ArH), 

7.15 (t, JHH = 7.7, 1H, ArH), 7.41-7.51 (m, 4H, ArH), 7.51-7.59 (m, 2H, ArH), 7.70-7.76 (m, 

2H, ArH), 7.84-7.91 (m, 2H, ArH); 13C NMR (CDCl3+DMSO-d6) δ: 38.8 (d, 1JCP = 68.5, C4), 

47,3 (d, 2JCP = 4.0, C3), 116.0 (d, JCP = 1.0), 117.6 (d, JCP = 3.5), 120.1, 123.9 (d, JCP = 1.3), 

128.29 (d, 3JCP = 11.0, C3
’I), 128.32 (d, 3JCP = 11.1, C3

’II), 128.4 (d, JCP = 2.9), 129.16 (d, JCP = 

1.8, C4
’I), 129.17 (d, JCP = 1.9, C4

’II), 130.4 (d, 1JCP = 93.8, C1
’I), 131.0 (d, 1JCP = 91.7, C1

’II), 

131.8 (d, 2JCP = 9.0, C2
’I), 131.9 (d, 2JCP = 9.4, C2

’II), 132.1 (d, 3JCP = 8.2), 150.9 (d, 3JCP = 4.0, 

C8a), 163.9 (d, 3JCP = 2.2, C2); 31P NMR (CDCl3+DMSO-d6) δ: 34.3; [M+H]+
found = 373.1110, 

C22H18N2O2P requires: 373.1106. 
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[Bis(p-tolyl)](2-amino-3-cyano-4H-chromen-4-yl)phosphine oxide (8b) 

Yield: 95% (0.38 g), white crystal; Mp: 218-220 °C; 1H NMR (DMSO-d6) δ: 2.33 (s, 3H, CH3
I), 

2.35 (s, 3H, CH3
II), 4.94 (d, 2JHP = 4.1, 1H, CHP), 6.68 (d, JHH = 7.5, 1H, ArH), 6.85 (t, 

JHH = 7.5, 2H, ArH), 6.92 (d, JHH = 8.1, 2H, ArH), 7.08 (brs, 2H, NH2), 7.17 (t, JHH = 7.8, 1H, 

ArH), 7.26 (d, JHH = 5.8, 2H, ArH), 7.31 (d, JHH = 5.1, 2H, ArH), 7.62 (dd, JHH = 10.5, 

JHH = 7.8, 2H, ArH), 7.77 (dd, JHH = 10.5, JHH = 7.8, 2H, ArH); 13C NMR (DMSO-d6) δ: 21.57 

(CH3
I), 21.61 (CH3

II), 38.0 (d, 1JCP = 67.9, C4), 47.1 (d, 2JCP = 4.4, C3), 116.3 (d, JCP = 2.2), 

118.9 (d, JCP = 3.5), 120.5, 124.2 (d, JCP = 1.4), 128.7 (d, 1JCP = 95.5, C1
’I), 128.8 (d, JCP = 2.6), 

129.1 (d, 1JCP = 9.9, C1
’II), 129.3 (d, 3JCP = 11.4, C3

’I), 129.4 (d, 3JCP = 11.8, C3
’II), 131.88 (d, 

JCP = 6.5), 131.94 (d, 2JCP = 8.1, C2
’I), 132.2 (d, 2JCP = 8.5, C2

’II), 142.1 (d, JCP = 2.7, C4
’I), 

142.2 (d, JCP = 2.7, C4
’II), 151.4 (d, 3JCP = 4.0, C8a), 164.4 (d, 3JCP = 2.0, C2); 31P 

NMR (DMSO-d6) δ: 29.3; [M+H]+
found = 401.1421, C24H22N2O2P requires: 401.1419. 

 

[Bis(3,5-dimethylphenyl)](2-amino-3-cyano-4H-chromen-4-yl)phosphine oxide (8c) 

Yield: 89% (0.38 g), white crystal; Mp: 250-252 °C; 1H NMR (CDCl3+DMSO-d6) δ: 2.28 (s, 

6H, CH3
I), 2.33 (s, 6H, CH3

II), 4.75 (d, 2JHP = 6.9, 1H, CHP), 6.69 (d, JHH = 7.8, 1H, ArH), 6.81-

6.94 [6.89 (brs, NH2) overlapped by the multiplet of ArH total int. 4H], 7.10-7.20 (m, 3H, ArH), 

7.27 (d, JHH = 11.0, 2H, ArH), 7.44 (d, JHH = 10.8, 2H, ArH); 13C NMR (CDCl3+DMSO-d6) δ: 

21.2 (CH3
I), 21.3 (CH3

II), 38.2 (d, 1JCP = 74.2, C4), 47.3 (d, 2JCP = 3.3, C3), 115.9 (d, JCP = 2.5), 

118.3 (d, JCP = 3.5), 120.5, 123.8 (d, JCP = 1.5), 128.4 (d, JCP = 2.9), 129.3 (d, JCP = 2.5), 129.4 

(d, 2JCP = 9.1, C2
’I), 129.8 (d, 2JCP = 8.6, C2

’II), 130.6 (d, 1JCP = 92.6, C1
’I), 131.2 (d, 1JCP = 90.5, 

C1
’II), 133.3 (d, JCP = 2.7, C4

’I), 133.4 (d, JCP = 2.1, C4
’II), 137.59 (d, 3JCP = 11.7, C3

’I), 137.60 (d, 
3JCP = 11.9, C3

’II), 151.2 (d, 3JCP = 3.5, C8a), 164.0 (d, 3JCP = 2.8, C2); 31P 

NMR (CDCl3+DMSO-d6) δ: 30.2; [M+H]+
found = 429.1736, C26H26N2O2P requires: 429.1732. 

 

[Di(naphthalene-2-yl)](2-amino-3-cyano-4H-chromen-4-yl)phosphine oxide (8d) 

Yield: 85% (0.40 g), white crystal; Mp: 147-148 °C; 1H NMR (DMSO-d6) δ: 5.35 (d, 2JHP = 

3.3, 1H, CHP), 6.69-6.83 (m, 2H, ArH), 6.95 (d, JHH = 8.1, 1H, ArH), 7.09-7.26 [7.18 (brs, 

NH2) overlapped by the multiplet of ArH total int. 3H], 7.52-7.71 (m, 4H, ArH), 7.91-8.20 (m, 

8H, ArH), 8.45 (d, JHH = 12.5, 1H, ArH), 8.62 (d, JHH = 12.6, 1H, ArH); 13C NMR (DMSO-d6) 

δ: 37.9 (d, 1JCP = 67.7, C4), 46.7 (d, 2JCP = 4.6, C3), 116.5 (d, JCP = 2.6), 118.7 (d, JCP = 3.7), 

120.5, 124.3 (d, JCP = 2.6), 126.9 (d, JCP = 10.4, C(naphtyl)), 127.2 (d, JCP = 10.3, C(naphtyl)), 127.4 

(d, JCP = 9.9, C(naphtyl)), 128.2 (C(naphtyl)), 128.4 (d, JCP = 11.0, C(naphtyl)), 128.7 (d, JCP = 4.7, 

C(naphtyl)), 128.9 (d, JCP = 2.9), 129.27 (d, JCP = 3.2), 129.30 (d, JCP = 8.5, C(naphtyl)), 129.4 (d, 
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1JCP = 92.7, C1(naphtyl)
I), 129.7 (d, 1JCP = 89.9, C1(naphtyl)

II), 132.4 (d, JCP = 10.3, C(naphtyl)), 132.6 

(d, JCP = 10.1, C(naphtyl)), 133.7 (d, JCP = 8.0, C(naphtyl)), 134.2 (d, JCP = 7.8 C(naphtyl)), 134.6 (d, 

JCP = 2.3, C(naphtyl)), 134.8 (d, JCP = 2.4, C(naphtyl)), 151.5 (d, 3JCP = 4.0, C8a), 164.6 (d, 3JCP = 2.1, 

C2); 31P NMR (DMSO-d6) δ: 29.1; [M+H]+
found = 473.1422, C30H22N2O2P requires: 473.1419. 

 

(Diphenyl)(2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphine oxide (9a) 

Yield: 88% (0.34 g), white crystal; Mp: 230-232 °C; 1H NMR (DMSO-d6) δ: 5.05 (d, 
2JHP = 4.3, 1H, CHP), 6.38 (d, JHH = 9.0, 1H, ArH), 6.91-7.08 (m, 2H, ArH), 7.17 (brs, 2H, 

NH2), 7.41-7.66 (m, 6H, ArH), 7.78 (dd, JHH = 10.9, JHH = 6.7, 2H, ArH), 7.94 (dd, JHH = 10.8, 

JHH = 6.7, 2H, ArH); 13C NMR (DMSO-d6) δ: 38.3 (dd, 1JCP = 67.0, JCF = 1.0, C4), 46.1 (d, 2JCP 

= 4.5, C3), 115.4 (t, JCP = 2,9), 115.7 (t, JCP = 3.9), 117.8 (dd, JCP = 2.1, JCF = 8.3), 120.1, 120.6 

(dd, JCP = 3.6, JCF = 8.6), 128.88 (d, 3JCP = 10.9, C3
’I), 128.89 (d, 3JCP = 10.8, C3

’II), 131.2 (d, 
1JCP = 93.4, C1

’I), 131.8 (d, 3JCP = 8.9, C2
’I), 131.9 (d, 1JCP = 90.5, C1

’II), 132.2 (d, 2JCP = 8.9, 

C2
’II), 132.4 (d, JCP = 2.6, C4

’I), 132.5 (d, JCP = 2.2, C4
’II), 147.7 (dd, 3JCP = 4.2, JCF = 2.2, C8a), 

158.0 (dd, JCP = 3.0, 1JCF = 240.7, C6), 164.4 (d, 3JCP = 2.1, C2); 31P NMR (DMSO-d6) δ: 28.8; 

[M+H]+
found = 391.1014, C22H17FN2O2P requires: 391.1012. 

 

[Bis(p-tolyl)](2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphine oxide (9b) 

Yield: 92% (0.39 g), white crystal; Mp: 258-260 °C; 1H NMR (DMSO-d6) δ: 2.30 (s, 3H, CH3
I), 

2.36 (s, 3H, CH3
II), 4.96 (d, 2JHP = 4.9, 1H, CHP), 6.42 (d, JHH = 7.4, 1H, ArH), 6.92-6.98 (m, 

1H, ArH), 6.99-7.06 (m, 1H, ArH), 7.13 (brs, 2H, NH2), 7.29 (d, JHH = 5.7, 2H, ArH), 7.33 (d, 

JHH = 5.6, 2H, ArH), 7.62 (t, JHH = 9.1, 2H, ArH), 7.76 (t, JHH = 9.2, 2H, ArH);13C NMR 

(DMSO-d6) δ: 21.56 (CH3
I), 21.62 (CH3

II), 38.3 (d, 1JCP = 67.3, C4), 46.5 (d, 2JCP = 4.2, C3), 

115.5 (dd, JCP = 2.2, JCF = 23.4), 115.7 (dd, JCP = 2.9, JCF = 24.7), 117.7 (dd, JCP = 1.9, JCF = 

8.3), 120.3, 120.9 (dd, JCP = 3.3, JCF = 8.3), 128.1 (d, 1JCP = 95.3, C1
’I), 128.8 (d, 1JCP = 92.8, 

C1
’II), 129.45 (d, 3JCP = 11.4, C3

’I), 129.48 (d, 3JCP = 11.4, C3
’II), 131.9 (d, 2JCP = 9.3, C2

’I), 132.2 

(d, 2JCP = 9.2, C2
’II), 142.3 (d, JCP = 2.6, C4

’I), 142.3 (d, JCP = 2.8, C4
’II), 147.6 (dd, 3JCP = 3.4, 

JCF = 2.2, C8a), 158.0 (dd, 3JCP = 2.8, 1JCF = 240.1, C6), 164.3 (d, 3JCP = 2.0, C2); 31P 

NMR (DMSO-d6) δ: 29.2; [M+H]+
found = 419.1327, C24H21FN2O2P requires: 419.1325.  

 

[Bis(3,5-dimethylphenil)](2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphine oxide (9c) 

Yield: 97% (0.43 g), white crystal; Mp: 268-270 °C; 1H NMR (DMSO-d6) δ: 2.27 (s, 6H, CH3
I), 

2.32 (s, 6H, CH3
II), 4.97 (d, 2JHP = 5.0, 1H, CHP), 6.43 (d, JHH = , 19.2, 1H, ArH), 6.91-6.97 
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(m, 1H, ArH), 7.00-7.07 (m, 1H, ArH), 7.13 (brs, 2H, NH2), 7.17 (d, JHH = 10.9, 2H, ArH), 7.33 

(d, JHH = 11.1, 2H, ArH), 7.47 (d, JHH = 10.9, 2H, ArH); 13C NMR (DMSO-d6) δ: 21.3 (CH3
I), 

21.4 (CH3
II), 38.2 (d, 1JCP = 66.7, C4), 46.6 (d, 2JCP = 4.0, C3), 115.4 (dd, JCP = 2.7, JCF = 23.7), 

115.8 (dd, JCP = 3.3, JCF = 24.9), 117.6 (dd, JCP = 2.0, JCF = 8.8), 120.5, 120.9 (dd, JCP = 3.3, 

JCF = 8.5), 129.5 (d, 2JCP = 9.0, C2
’I), 129.9 (d, 2JCP = 8.6, C2

’II), 130.8 (d, 1JCP = 93.0, C1
’I), 

131.7 (d, 1JCP = 90.3, C1
’II), 133.6 (d, JCP = 2.6, C4

’I), 133.8 (d, JCP = 2.7, C4
’II), 137.96 (d, 3JCP 

= 11.8, C3
’I), 138.02 (d, 3JCP = 11.8, C3

’II), 147.7 (dd, 3JCP = 3.8, JCF = 2,1, C8a), 158.0 (dd, 3JCP 

= 2.5, 1JCF = 239.6, C6), 164.4 (d, 3JCP = 1.7, C2); 31P NMR (DMSO-d6) δ: 26.3; 

[M+H]+
found = 447.1640, C26H25FN2O2P requires: 447.1638. 

 

[Bis(naphthalene-2-yl)](2-amino-3-cyano-6-fluoro-4H-chromen-4-yl)phosphine oxide (9d) 

Yield: 90% (0.44 g), white crystal; Mp: 215-216 °C; 1H NMR (DMSO-d6) δ: 5.34 (d, 2JHP = 

3.9, 1H, CHP), 6.51 (d, JHH = 5.3, 1H, ArH), 6.94-7.06 (m, 2H, ArH), 7.20 (brs, 2H, NH2), 

7.56-7.71 (m, 4H, ArH), ), 8.01 (t, JHH = 8.5, 3H, ArH), 8.04-8.13 (m, 4H, ArH), 8.45 (d, JHH 

= 12.5, 1H, ArH), 8.59 (d, JHH = 12.6, 1H, ArH);13C NMR (DMSO-d6) δ: 38.2 (d, 1JCP = 66.8, 

C4), 46.2 (d, 2JCP = 4.4, C3), 115.5 (dd, JCP = 2.6, JCF = 12.8), 115.7 (dd, JCP = 2.5, JCF = 12.3), 

117.9 (dd, JCP = 1.8, JCF = 8.6), 120.2, 120.7 (dd, JCP = 3.6, JCF = 8.6), 126.8 (d, JCP = 10.3, 

C(naphtyl)), 127.1 (d, JCP = 10.2, C(naphtyl)), 127.1 (d, JCP = 18.1, C(naphtyl)), 128.2 (C(naphtyl)), 128.4 

(d, JCP = 8.3, C(naphtyl)), 128.5 (d, JCP = 10.8, C(naphtyl)), 128.77 (d, JCP = 9.4, C(naphtyl)), 128.78 (d, 
1JCP = 74.7, C1(naphtyl)

I), 129.30 (d, JCP = 13.6, C(naphtyl)), 129.34 (d, 1JCP = 90.5, C1(naphtyl)
II), 132.3 

(d, JCP = 12.2, C(naphtyl)), 132.5 (d, JCP = 12.3, C(naphtyl)), 133.7 (d, JCP = 7.8, C(naphtyl)), 134.3 (d, 

JCP = 7.8, C(naphtyl)), 134.6 (d, JCP = 2.1, C(naphtyl)), 134.8 (d, JCP = 2.2, C(naphtyl)), 147.7 (dd, 3JCP 

= 3.8, JCF = 2,3, C8a), 158.0 (dd, 3JCP = 2.7, 1JCF = 236.8, C6), 164.5 (d, 3JCP = 1.9, C2); 31P 

NMR (DMSO-d6) δ: 27.4; [M+H]+
found = 491.1329, C30H21FN2O2P requires: 491.1325. 

 

(Diphenyl)(2-amino-3-cyano-5-chloro-4H-chromen-4-yl)phosphine oxide (10a) 

Yield: 92% (0.37 g), white crystal; Mp: 241-243 °C; 1H NMR (DMSO-d6) δ: 4.82 (d, 2JHP = 

4.0, 1H, CHP), 7.03 (d, JHH = 8.1, 1H, ArH), 7.10 (d, JHH = 7.9, 1H, ArH), 7.18-7.72 [7.28 (brs, 

NH2) overlapped by the multiplet of ArH total int. 11H], 7.92 (dd, JHH = 10.8, JHH = 6.8, 2H, 

ArH); 13C NMR (DMSO-d6) δ: 38.0 (d, 1JCP = 66.6, C4), 47.3 (d, 2JCP = 4.1, C3), 115.6 (d, JCP 

= 1.7), 118.0 (d, JCP = 2.8), 120.0, 125.6 (d, JCP = 1.9), 128.6 (d, 3JCP = 11.2, C3
’I), 129.0 (d, 

3JCP = 11.0, C3
’II), 129.98 (d, JCP = 2.6, C4

’I), 129.99 (d, JCP = 2.7, C4
’II), 130.2 (d, 1JCP = 93.9, 

C1
’I), 131.9 (d, 2JCP = 9.3, C2

’I), 132.1 (d, 1JCP = 85.1, C1
’II), 132.4 (d, JCP = 2.7), 132.6 (d, 2JCP 
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= 8.7, C2
’II), 132.7 (d, JCP = 3.7, C5), 152.6 (d, 3JCP = 4.0, C8a), 164.6 (d, 3JCP = 2.1, C2); 31P 

NMR (DMSO-d6) δ: 29.3; [M+H]+
found = 407.0719, C22H17ClN2O2P requires: 407.0716. 

 

[Bis(p-tolyl)](2-amino-3-cyano-5-chloro-4H-chromen-4-yl)phosphine oxide (10b) 

Yield: 90% (0.39 g), white crystal; Mp: 188-190 °C; 1H NMR (DMSO-d6) δ: 2.31 (s, 3H, CH3
I), 

2.40 (s, 3H, CH3
II), 4.74 (d, 2JHP = 4.3, 1H, CHP), 7.01 (d, JHH = 8.2, 1H, ArH), 7.12 (d, 

JHH = 8.0, 1H, ArH), 7.19 (d, JHH = 8.2, 2H, ArH), 7.25 (brs, 2H, NH2), 7.27-7.41 (m, 5H, ArH), 

7.75 (dd, JHH = 10.4, JHH = 7.7, 2H, ArH); 13C NMR (DMSO-d6) δ: 21.6 (CH3
I), 21.7 (CH3

II), 

38.0 (d, 1JCP = 66.8, C4), 47.6 (d, 2JCP = 4.0, C3), 115.6 (d, JCP = 2.2), 118.3 (d, JCP = 2.8), 120.1, 

125.6 (d, JCP = 1.2), 127.2 (d, 1JCP = 96.4, C1
’I), 129.20 (d, 1JCP = 93.0, C1

’II), 129.21 (d, 3JCP = 

11.5, C3
’I), 129.6 (d, 3JCP = 11.5, C3

’II), 129.9 (d, JCP = 2.1), 131.9 (d, 2JCP = 9.6, C2
’I), 132.6 (d, 

2JCP = 8.9, C2
’II), 132.8 (d, JCP = 4.1, C5), 142.3 (d, JCP = 2.7, C4

’I), 142.6 (d, JCP = 2.5, C4
’II), 

152.5 (d, 3JCP = 3.9, C8a), 164.5 (d, 3JCP = 2.0, C2); 31P NMR (DMSO-d6) δ: 29.5; [M+H]+
found 

= 435.1031, C24H21ClN2O2P requires: 435.1029.  

 

[Bis(3,5-dimethylphenyl)](2-amino-3-cyano5-chloro-4H-chromen-4-yl)phosphine oxide (10c) 

Yield: 94% (0.43 g), white crystal; Mp: 258-260 °C; 1H NMR (DMSO-d6) δ: 2.20 (s, 6H, CH3
I), 

2.35 (s, 6H, CH3
II), 4.74 (d, 2JHP = 4.8, 1H, CHP), 6.95-7.02 (m, 3H, ArH), 7.09-7.18 (m, 2H, ArH), 

7.21-7.35 [7.24 (brs, NH2) overlapped by the multiplet of ArH total int. 5H], 7.33 (d, JHH = 11.0, 

2H, ArH);13C NMR (DMSO-d6) δ: 21.3 (CH3
I), 21.4 (CH3

II), 37.9 (d, 1JCP = 66.6, C4), 47.6 (d, 2JCP 

= 3.9, C3), 115.5 (d, JCP = 2.3), 118.3 (d, JCP = 2.8), 120.3, 125.5 (d, JCP = 1.6), 129.5 (d, 2JCP = 9.3, 

C2
’I), 129.8 (d, JCP = 3.0), 129.9 (d, 1JCP = 93.3, C1

’I), 130.2 (d, 2JCP = 8.5, C2
’II), 132.0 (d, 1JCP = 

90.5, C1
’II), 132.9 (d, JCP = 4.1, C5), 133.6 (d, JCP = 2.2, C4

’I), 134.1 (d, JCP = 2.3, C4
’II), 137.7 (d, 

3JCP = 11.9, C3
’I), 138.0 (d, 3JCP = 11.7, C3

’II), 152.7 (d, 3JCP = 3.9, C8a), 164.6 (d, 3JCP = 2.1, C2); 
31P NMR (DMSO-d6) δ: 29.9; [M+H]+

found = 463.1345, C26H25ClN2O2P requires: 463.1342. 

[Bis(naphthalene-2-yl)](2-amino-3-cyano5-chloro-4H-chromen-4-yl)phosphine oxide (10d) 

Yield: 89% (0.45 g), white crystal; Mp: 232-233 °C; 1H NMR (DMSO-d6) δ: 5.11 (d, 2JHP = 

3.9, 1H, CHP), 7.04 (d, JHH = 5.3, 1H, ArH), 7.06 (d, JHH = 5.1, 1H, ArH), 7.24-7.37 [7.30 (brs, 

NH2) overlapped by the multiplet of ArH total int. 3H], 7.51-7.74 (m, 5H, ArH), 7.87-7.99 (m, 

3H, ArH), 8.01-8.24 (m, 5H, ArH), 8.64 (d, JHH = 12.6, 1H, ArH); 13C NMR (DMSO-d6) δ: 

38.0 (d, 1JCP = 66.9, C4), 47.5 (d, 2JCP = 4.0, C3), 115.8 (d, JCP = 2.4), 118.1 (d, JCP = 2.9), 120.1, 

125.7 (d, JCP = 1.3), 127.1 (d, JCP = 10.2, C(naphtyl)), 127.4 (C(naphtyl)), 127.5 (d, JCP = 9.7, 

C(naphtyl)), 127.9 (d, 1JCP = 94.5, C1(naphtyl)
I), 128.15 (d, JCP = 11.0, C(naphtyl)), 128.22 (d, JCP = 8.4, 
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C(naphtyl)), 128.5 (d, JCP = 11.0, C(naphtyl)), 128.5 (d, JCP = 6.5, C(naphtyl)), 129.4 (d, JCP = 19.7, 

C(naphtyl)), 130.4 (d, JCP = 2.3), 129.7 (d, 1JCP = 90.3, C1(naphtyl)
II), 132.3 (d, JCP = 12.4, C(naphtyl)), 

132.61 (d, JCP = 4.2, C5), 132.66 (d, JCP = 12.3, C(naphtyl)), 133.7 (d, JCP = 8.8, C(naphtyl)), 134.7 

(d, JCP = 2.2, C(naphtyl)), 134.8 (d, JCP = 8.0, C(naphtyl)), 135.0 (d, JCP = 2.2, C(naphtyl)), 152.7 (d, 
3JCP = 4.0, C8a), 164.7 (d, 3JCP = 2.1, C2); 31P NMR (DMSO-d6) δ: 29.8; [M+H]+

found = 

507.1032, C30H21ClN2O2P requires: 507.1029. 

 

(Diphenyl)(2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphine oxide (11a) 

Yield: 86% (0.39 g), pale yellow crystal; Mp: 261-263 °C; 1H NMR (DMSO-d6) δ: 5.15 (d, 
2JHP = 3.7, 1H, CHP), 6.62 (d, JHH = 7.7, 1H, ArH), 6.79 (t, JHH = 7.9, 1H, ArH), 7.30 (brs, 2H, 

NH2), 7.41-7.50 (m, 3H, ArH), 7.50-7.67 (m, 4H, ArH), 7.80 (t, JHH = 9.0, 2H, ArH), 7.97 (t, 

JHH = 9.0, 2H, ArH); 13C NMR (DMSO-d6) δ: 42.4 (d, 1JCP = 66.8, C4), 51.0 (d, 2JCP = 4.5, C3), 

113.8 (d, JCP = 3.0), 123.9, 124.9 (d, JCP = 3.4), 129.3 (d, JCP = 1.9), 132.7 (d, JCP = 3.5), 132.85 

(d, 3JCP = 11.0, C3
’I), 132.91 (d, 3JCP = 11.0, C3

’II), 135.5 (d, 1JCP = 93.3, C1
’I), 135.77 (d, 1JCP = 

90.3, C1
’II), 135.82 (d, 2JCP = 9.2, C2

’I), 136.2 (d, 2JCP = 8.3, C2
’II), 136.36 (d, JCP = 3.0, C4

’I), 

136.38 (d, JCP = 3.5, C4
’II), 136.5 (d, JCP = 1.9, C8), 152.2 (d, 3JCP = 3.9, C8a), 168.1 (d, 

3JCP = 2.1, C2);31P NMR (DMSO-d6) δ:33.8; [M+H]+
found = 451.0212, C22H17BrN2O2P 

requires: 451.0211.  

 

[Bis(p-tolyl)](2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphine oxide (11b) 

Yield: 87% (0.42 g), pale yellow crystal; Mp: 232-234 °C; 1H NMR (DMSO-d6) δ: 2.30 (s, 3H, 

CH3
I), 2.33 (s, 3H, CH3

II), 5.00 (d, 2JHP = 3.8, 1H, CHP), 6.60 (d, JHH = 7.6, 1H, ArH), 6.76 (t, 

JHH = 7.9, 1H, ArH), 7.14-7.27 [7.20 (brs, NH2) overlapped by the multiplet of ArH total int. 

4H], 7.30 (d, JHH = 5.6, 2H, ArH), 7.42 (d, JHH = 7.9, 1H, ArH), 7.59 (t, JHH = 9.1, 2H, ArH), 

7.75 (t, JHH = 9.2, 2H, ArH); 13C NMR (DMSO-d6) δ: 21.58 (CH3
I), 21.62 (CH3

II), 38.5 (d, 
1JCP = 67.0, C4), 47.3 (d, 2JCP = 4.5, C3), 109.8 (d, JCP = 3.0), 120.0, 121.2 (d, JCP = 3.4), 

125.3 (d, JCP = 2.1), 128.4 (d, 1JCP = 95.7, C1
’I), 128.7 (d, 1JCP = 93.3, C1

’II), 128.8 (d, JCP = 2.7), 

129.4 (d, 3JCP = 11.3, C3
’I), 129.5 (d, 3JCP = 11.5, C3

’II), 131.8 (d, 2JCP = 9.2, C2
’I), 132.1 (d, 2JCP 

= 9.1, C2
’II), 132.3 (d, JCP = 2.5, C8), 142.24 (d, JCP = 2.6, C4

’I), 142.30 (d, JCP = 2.7, C4
’II), 148.1 

(d, 3JCP = 3.9, C8a), 164.0 (d, 3JCP = 2.2, C2); 31P NMR (DMSO-d6) δ: 29.6; [M+H]+
found = 

479.0524, C24H21BrN2O2P requies: 479.0524. 
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[Bis(3,5-dimethylphenyl)](2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphine oxide (11c) 

Yield: 82% (0.41 g), pale yellow crystal; Mp: 265-267°C; 1H NMR (DMSO-d6) δ: 2.26 (s, 6H, 

CH3
I), 2.32 (s, 6H, CH3

II), 5.04 (d, 2JHP = 4.4, 1H, CHP), 6.65 (d, JHH = 7.6, 1H, ArH), 6.83 (t, 

JHH = 7.9, 1H, ArH), 7.14-7.23 [7.20 (brs, NH2) overlapped by the multiplet of ArH total int. 

4H], 7.32 (d, JHH = 11.0, 2H, ArH), 7.47 (d, JHH = 11.4, 3H, ArH); 13C NMR (DMSO-d6) δ: 

21.3 (CH3
I), 21.4 (CH3

II), 38.3 (d, 1JCP = 66.8, C4), 47.6 (d, 2JCP = 4.3, C3), 109.8 (d, JCP = 3.1), 

120.2, 121.2 (d, JCP = 3.2), 125.3 (d, JCP = 2.7), 128.8 (d, JCP = 3.5), 129.5 (d, 2JCP = 8.9, C2
’I), 

129.8 (d, 2JCP = 8.8, C2
’II), 131.2 (d, 1JCP = 93.1, C1

’I), 131.5 (d, 1JCP = 90.3, C1
’II), 132.3 (d, JCP 

= 2.9, C8), 133.67 (d, JCP = 2.8, C4
’I), 133.70 (d, JCP = 2.7, C4

’II), 137.93 (d, 3JCP = 11.8, C3
’I), 

137.97 (d, 3JCP = 11.8, C3
’II), 148.2 (d, 3JCP = 3.9, C8a), 163.9 (d, 3JCP = 2.2, C2); 31P 

NMR (DMSO-d6) δ: 25.0; [M+H]+
found = 507.0837, C26H25BrN2O2P requies: 507.0837. 

 

[Bis(naphthalene-2-yl)](2-amino-3-cyano-8-bromo-4H-chromen-4-yl)phosphine oxide (11d) 

Yield: 73% (0.40 g), white crystal; Mp: 245-246°C; 1H NMR (DMSO-d6) δ: 5.42 (d, 2JHP = 

2.9, 1H, CHP), 6.61-6.77 (m, 2H, ArH), 7.31 (brs, 2H, NH2), 7.44 (d, JHH = 6.4, 1H, ArH), 

7.52-7.72 (m, 4H, ArH), 7.89-8.19 (m, 8H, ArH), 8.43 (d, JHH = 12.6, 1H, ArH), 8.61 (d, JHH = 

12.7, 1H, ArH); 13C NMR (DMSO-d6) δ: 38.3 (d, 1JCP = 66.7, C4), 47.1 (d, 2JCP = 4.7, C3), 

110.0 (d, JCP = 3.2), 120.0, 121.1 (d, JCP = 3.6), 125.4 (d, JCP = 1.6), 126.8 (d, JCP = 10.3, 

C(naphtyl)), 127.1 (d, JCP = 10.3, C(naphtyl)), 127.5 (d, JCP = 9.1, C(naphtyl)), 128.2 (C(naphtyl)), 128.7 

(d, JCP = 8.8, C(naphtyl)), 129.1 (d, 1JCP = 100.5, C1(naphtyl)
I), 129.2 (d, 1JCP = 103.1, C1(naphtyl)

II), 

129.3 (d, JCP = 8.0, C(naphtyl)), 132.4 (d, JCP = 7.5, C(naphtyl)), 130.5 (d, JCP = 1.5, C8), 132.6 (d, 

JCP = 10.8, C(naphtyl)), 133.7 (d, JCP = 8.1, C(naphtyl)), 134.2 (d, JCP = 8.1, C(naphtyl)), 134.6 (d, JCP 

= 2.3, C(naphtyl)), 134.8 (d, JCP = 2.2, C(naphtyl)), 148.3 (d, 3JCP = 3.8, C8a), 164.2 (d, 3JCP = 2.3, 

C2); 31P NMR (DMSO-d6) δ: 29.6; [M+H]+
found = 551.0525, C30H21BrN2O2P requies: 

551.0524. 

 

(Diphenyl)(2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphine oxide (12a) 

Yield: 92% (0.38 g), white crystal; Mp: 178-180 °C; 1H NMR (DMSO-d6) δ: 1.29 (t, JHH = 6.9, 

3H, OCH2CH3), 3.97-4.05 (tq, JHH = 7.2, JHH = 3.7, 2H, OCH2CH3), 4.97 (d, 2JHP = 3.0, 1H, 

CHP), 6.15 (d, JHH = 7.7, 1H, ArH), 6.70 (t, JHH = 8.0, 1H, ArH), 6.84 (d, JHH = 7.6, 1H, ArH), 

7.06 (brs, 2H, NH2), 7.38-7.44 (m, 2H, ArH), 7.45-7.58 (m, 4H, ArH), 7.74 (t, JHH = 8.7, 2H, 

ArH), 7.92 (t, JHH = 8.9, 2H, ArH); 13C NMR (DMSO-d6) δ: 15.1 (OCH2CH3), 38.2 (d, 
1JCP = 67.7, C4), 46.7 (d, 2JCP = 4.5, C3), 64.7 (OCH2CH3), 113.2 (d, JCP = 2.7), 119.6 (d, JCP = 
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3.3), 120.4, 120.8 (d, JCP = 3.3), 124.0 (d, JCP = 2.2), 128.8 (d, 3JCP = 11.0, C3
’I), 128.9 (d, 3JCP 

= 11.0, C3
’II), 131.8 (d, 2JCP = 8.7, C2

’I), 132.0 (d, 1JCP = 92.4, C1
’I), 132.18 (d, JCP = 2.7, C4

’I), 

132.20 (d, 2JCP = 8.5, C2
’II), 132.31 (d, JCP = 2.3, C4

’II), 132.33 (d, 1JCP = 89.9, C1
’II), 141.0 (d, 

JCP = 4.1, C8), 146.8 (d, 3JCP = 2.6, C8a), 164.5 (d, 3JCP = 2.1, C2); 31P NMR (DMSO-d6) δ: 28.7; 

[M+H]+
found = 417.1369, C24H22N2O3P requires: 417.1368. 

 

[Bis(p-tolyl)](2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphine oxide (12b) 

Yield: 90% (0.40 g), white crystal; Mp: 228-230 °C; 1H NMR (DMSO-d6) δ: 1.31 (t, JHH = 7.0, 

3H, OCH2CH3), 2.32 (s, 3H, CH3
I), 2.35 (s, 3H, CH3

II), 4.03 (qt, JHH = 6.9, JHH = 3.3, 2H, 

OCH2CH3), 4.90 (d, 2JHP = 3.9, 1H, CHP), 6.21 (d, JHH = 7.6, 1H, ArH), 6.75 (t, JHH = 8.0, 1H, 

ArH), 6.86 (d, JHH = 8.2, 1H, ArH), 7.04 (brs, 2H, NH2), 7.24 (d, JHH = 5.5, 2H, ArH), 7.31 (d, 

JHH = 5.4, 2H, ArH), 7.60 (t, JHH = 10.5, 2H, ArH), 7.77 (t, JHH = 10.4, 2H, ArH); 13C NMR 

(DMSO-d6) δ: 15.1 (OCH2CH3), 21.56 (CH3
I), 21.60 (CH3

II), 38.2 (d, 1JCP = 68.2, C4), 47.0 (d, 
2JCP = 4.4, C3), 64.7 (OCH2CH3), 113.2 (d, JCP = 2.1), 119.9 (d, JCP = 3.4), 120.5, 120.9 (d, JCP 

= 3.1), 123.9 (d, JCP = 2.0), 128.9 (d, 1JCP = 95.1, C1
’I), 129.2 (d, 1JCP = 92.6, C1

’II), 129.3 (d, 
3JCP = 12.2, C3

’I), 129.4 (d, 3JCP = 12.3, C3
’II), 131.9 (d, 2JCP = 9.1, C2

’I), 132.2 (d, 2JCP = 9.0, 

C2
’II), 141.0 (d, JCP = 4.0, C8), 141.95 (d, JCP = 2.6, C4

’I), 142.03 (d, JCP = 2.5, C4
’II), 146.7 (d, 

3JCP = 2.8, C8a), 164.3 (d, 3JCP = 1.7, C2); 31P NMR (DMSO-d6) δ: 29.1; [M+H]+
found = 

445.1682, C26H26N2O3P requires: 445.1681.  

 

[Bis(3,5-dimethylphenyl)](2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphine oxide (12c) 

Yield: 88% (0.42 g), white crystal; Mp: 272-274 °C; 1H NMR (DMSO-d6) δ: 1.31 (t, JHH = 7.0, 

3H, OCH2CH3), 2.25 (s, 6H, CH3
I), 2.31 (s, 6H, CH3

II), 4.00-4.07 (m, 2H, OCH2CH3), 4.91 (d, 
2JHP = 4.1, 1H, CHP), 6.22 (d, JHH = 7.7, 1H, ArH), 6.77 (t, JHH = 8.0, 1H, ArH), 6.87 (d, 

JHH = 8.2, 1H, ArH), 7.02 (brs, 2H, NH2), 7.15 (d, JHH = 21.0, 2H, ArH), 7.30 (d, JHH = 10.8, 

2H, ArH), 7.47 (d, JHH = 10.9, 2H, ArH); 13C NMR (DMSO-d6) δ: 15.1 (OCH2CH3), 21.3 

(CH3
I), 21.4 (CH3

II), 38.1 (d, 1JCP = 67.7, C4), 47.2 (d, 2JCP = 4.1, C3), 64.7 (OCH2CH3), 

113.1 (d, JCP = 2.7), 120.0 (d, JCP = 3.0), 120.7, 120.9 (d, JCP = 1.9), 123.9 (d, JCP = 1.4), 129.5 

(d, 2JCP = 8.0, C2
’I), 129.8 (d, 2JCP = 8.0, C2

’II), 131.8 (d, 1JCP = 92.1, C1
’I), 132.0 (d, 1JCP = 89.6, 

C1
’II), 133.4 (d, JCP = 5.5, C4

’I), 133.6 (d, JCP = 5.2, C4
’II), 137.8 (d, 3JCP = 11.7, C3

’I), 137.9 (d, 
3JCP = 11.5, C3

’II), 141.1 (d, JCP = 4.0, C8), 146.7 (d, 3JCP = 2.6, C8a), 164.3 (d, 3JCP = 1.8, C2); 
31P NMR (DMSO-d6) δ: 25.2; [M+H]+

found = 473.1997, C28H30N2O3P requires: 473.1994. 
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[Bis(3,5-dimethylphenyl)](2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphine oxide (12d) 

Yield: 82% (0.42 g), white crystal; Mp: 237-238 °C; 1H NMR (DMSO-d6) δ: 1.28 (t, JHH = 6.9, 

3H, OCH2CH3), 4.01 (qd, JHH = 7.0, 2.6, 2H, OCH2CH3), 5.29 (d, 2JHP = 3.1, 1H, CHP), 6.29 

(d, JHH = 7.6, 1H, ArH), 6.68 (t, JHH = 8.0, 1H, ArH), 6.84 (d, JHH = 8.1, 1H, ArH), 7.12 (brs, 

2H, NH2), 7.54-7.67 (m, 4H, ArH), 7.94-8.16 (m, 8H, ArH), 8.42 (d, JHH = 12.5, 1H, ArH), 

8.60 (d, JHH = 12.5, 1H, ArH); 13C NMR (DMSO-d6) δ: 15.1 (OCH2CH3), 38.0 (d, 1JCP = 67.8, 

C4), 46.7 (d, 2JCP = 4.4, C3), 64.6 (OCH2CH3), 113.2 (d, JCP = 2.1), 119.7 (d, JCP = 3.1), 120.5, 

120.6 (d, JCP = 3.1), 124.1 (d, JCP = 1.3), 126.9 (d, JCP = 10.0, C(naphtyl)), 127.2 (d, JCP = 10.1, 

C(naphtyl)), 127.3 (d, JCP = 14.1, C(naphtyl)), 128.2 (C(naphtyl)), 128.3 (d, JCP = 8.0, C(naphtyl)), 128.4 

(d, JCP = 7.9, C(naphtyl)), 128.6 (d, JCP = 6.3, C(naphtyl)), 129.3 (d, JCP = 16.2, C(naphtyl)), 129.6 (d, 
1JCP = 93.1, C1(naphtyl)

I), 129.8 (d, 1JCP = 89.9, C1(naphtyl)
II), 132.4 (d, JCP = 12.1, C(naphtyl)), 132.6 

(d, JCP = 12.3, C(naphtyl)), 133.6 (d, JCP = 7.8, C(naphtyl)), 133.1 (d, JCP = 7.9, C(naphtyl)), 134.5 (d, 

JCP = 2.2, C(naphtyl)), 134.7 (d, JCP = 2.2, C(naphtyl)), 141.1 (d, 3JCP = 4.1, C8), 146.8 (d, 3JCP = 2.7, 

C8a), 164.5 (d, 3JCP = 1.9, C2); 31P NMR (DMSO-d6) δ: 27.8; [M+H]+
found = 517.1683, 

C32H26N2O3P requires: 517.1681. 
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Single crystal X-ray diffraction measurements 

Single-crystal X-ray diffraction data of 2c, 6e and 8a-c were collected on an Agilent 

Technologies SuperNova Dual diffractometer using Mo-Kα radiation (λ = 0.71073 Å) or or Cu-

Kα radiation (λ = 1.54184 Å) at 150 K. The data were processed using CrysAlis Pro [S5]. 

Structure was solved by ShelXT [S6] using intrinsic phasing and refined by a full-matrix least-

squares procedure based on F2 with ShelXL [S7] using Olex2 program suite [S8]. All the non-

hydrogen atoms were refined anisotropically. Hydrogen atoms were readily located in 

difference Fourier maps, and were subsequently treated as riding atoms in geometrically 

idealized positions with C–H = 0.95 Å (aromatic), 1.00 Å (methine), 0.99 Å (methylene) or 

0.98 Å (methyl), and with Uiso(H) = kUeq(C), where k = 1.5 for methyl group and 1.2 for all H 

atoms. The amino H atoms were refined fixing the bond lengths in 2c, 6e while in 8a-c they 

were refined freely and were treated with Uiso(H) = 1.2 Ueq(N). The crystallographic data are 

listed in Table S1. Deposition Numbers 2083632–2083636 (for 2c, 6e and 8a-c) contain the 

supplementary crystallographic data for this paper. These data are provided free of charge by 

the joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe 

Access Structures service www.ccdc.cam.ac.uk/structures. 

 

     

Figure S1. Molecular structures of 6e (left), 8b (middle) and 8c (right). 
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Table S1: Crystal data and structure refinement for 2c, 6e, 8a.CH3CN, 8b and 8c. 
 

 2c 6e 8a∙CH3CN 8b 8c 

CCDC number 2083632 2083633 2083634 2083635 2083636 

Empirical formula C18H25N2O4P C26H25N2O5P C24H20N3O2P C24H21N2O2P C26H25N2O2P 

Formula weight 364.37 476.45 413.40 400.40 428.45 

T/K 150.00(10) 150.00(10) 150.00(10) 150.00(10) 150.00(10) 

Crystal system monoclinic triclinic monoclinic triclinic monoclinic 

Space group P21/n P–1 P21/c P–1 P21/c 

a/Å 14.4732(3) 9.9066(4) 12.3634(7) 9.0000(5) 12.9952(5) 

b/Å 8.9061(2) 9.9454(4) 10.7573(6) 11.1653(8) 11.0767(5) 

c/Å 15.9214(4) 12.3415(6) 15.9936(8) 12.3858(7) 15.1578(6) 

α/° 90 102.791(4) 90 115.027(7) 90 

β/° 109.314(2) 101.823(4) 101.939(5) 91.058(5) 93.224(4) 

γ/° 90 90.163(3) 90 113.010(6) 90 

V/Å3 1936.76(8) 1159.14(9) 2081.1(2) 1012.50(13) 2178.42(16) 

Z 4 2 4 2 4 

Dcalc /g cm–3 1.250 1.365 1.319 1.313 1.306 

μ/mm–1 1.462 1.398 0.158 0.159 0.152 

F(000) 776.0 500.0 864.0 420.0 904.0 

Reflections collected 7323 7877 10972 8457 11113 

Data/restraints/parameter
s 

3670/2/234 4385/2/314 4755/0/278 4649/0/270 4993/0/290 

Rint 0.0338 0.0300 0.0243 0.0229 0.0272 

GOF, S 1.075 1.043 1.040 1.030 1.019 

R1, wR2 [I ≥ 2σ(I)] 0.0534, 0.1380 0.0417, 0.1130 0.0426, 0.1064 0.0433, 0.0999 0.0416, 0.1038 

R1, wR2 [all data] 0.0575, 0.1431 0.0442, 0.1163 0.0552, 0.1167 0.0593, 0.1114 0.0553, 0.1128 

Δρmin, Δρmax [e Å–3] 0.53, –0.72 0.32, –0.54 0.55, –0.46 0.38, –0.36 0.36, –0.40 
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Table S2. Hydrogen bond geometry for 2c, 6e, 8a.CH3CN, 8b and 8c. 
 

D–HꞏꞏꞏA D–H (Å) HꞏꞏꞏA (Å) DꞏꞏꞏA (Å) D–HꞏꞏꞏA (°) Symmetry code 

2c      

N2–H2A∙∙∙O1 0.908(16) 1.887(16) 2.793(2) 175(2) 1½ – x, ½ + y, ½ – z 

N2–H2B∙∙∙N1 0.875(16) 2.157(17) 3.015(2) 167(2) 2 – x, 1 – y, 1 – z 

6e      

N2–H2A∙∙∙O1 0.866(15) 1.989(16) 2.8102(17) 157.7(18) 1 – x, 2 – y, 1 – z 

C1–H1∙∙∙N1 1.00 2.59 3.391(2) 136.7 2 – x, 2 – y, 1 – z 

8a∙CH3CN      

N2–H2A∙∙∙O1 0.90(2 1.92(2) 2.823(2) 174.0(19) –x, ½ + y, 1½ – z 

N2–H2B∙∙∙N1 0.87(2) 2.39(2) 3.186(2) 151.6(18) –x, 1 – y, 1 – z 

8b      

N2–H2A∙∙∙O1 0.92(2) 1.89(2) 2.811(2) 177.2(19) 2 – x, 1 – y, 1 – z 

N2–H2B∙∙∙N1 0.85(2) 2.23(2) 3.065(2) 167.6(19) 1 – x, 1 – y, 1 – z 

8c      

N2–H2A∙∙∙O1 0.88(2) 2.03(2) 2.9060(19) 171.4(18) x, 1½ – y, ½ + z 

N2–H2B∙∙∙N1 0.88(2) 2.24(2) 3.073(2) 159.5(18) –x, 1 – y, 1 – z 
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Biological Evaluation 

Cell culture 

Cells were purchased from the American Type Culture Collection (ATCC, Manassas, Virginia, 

USA). Human lung adenocarcinoma A549 cells were maintained in Dulbecco's Modified Eagle 

Medium (DMEM), while mouse fibroblast NIH/3T3 and human promyelocytic leukemia HL-

60 cells were maintained in Roswell Park Memorial Institute 1640 medium (RPMI-1640) 

containing 10% FCS. Media were supplemented with 2 mM GlutaMAX, 100 U/mL penicillin, 

and 100 µg/mL streptomycin (Life Technologies, Carlsbad, California, USA). Cell cultures 

were maintained at 37 °C in a humidified incubator in an atmosphere of 5% CO2 (Sanyo, Japan). 

 

Antibacterial activity 

All reagents were purchased from Sigma-Aldrich (Hungary, Budapest). E. coli-GFP and B. 

subtilis-GFP bacteria were grown in Lysogeny Broth (Luria-Bertani broth, LB, 10 g tryptone, 5 

g yeast extract, 10 g/L NaCl, pH 7.0) medium overnight (ON) at 37 °C in an incubator with 

continuous shaking [S9,S10]. The ON bacterial culture was diluted (E. coli-GFP: 1:10000, B. 

subtilis-GFP: 1:1000) in LB medium containing 10 µg/ml ampicillin. 200 µl of diluted E. coli 

suspension per well were transferred to 96-well plates and different agents were added in the 

appropriate concentration, then incubated in a shaker (600 rpm) for 3 h at 37 °C. Test compounds 

were dissolved in 3-fold amounts of dimethyl sulfoxide (DMSO). Cells were treated with an 

increasing concentration of test compounds (1 µM – 30 µM). Doxycyclin (IC50= 0.10±0.02 and 

0.04±0.01 µM for E. coli and B. subtilis) and gentamicine (IC50= 4.23±0.99 and 0.49±0.14 µM 

for E. coli and B. subtilis) were used as positive controls. For induction of the GFP expression 

IPTG (0.1 mM final concentration) was added to each well and incubated for 3 h at 37 °C. 

Following incubation samples were centrifuged at 2750 rpm, room temperature (RT) for 5 min 

and washed twice with 200 µl PBS, intermitted with a centrifugation step between the two 

washes. After a third centrifugation step the bacterial cells were suspended in 100 µl PBS. The 

quantity of bacteria was estimated according to the fluorimetric measurements. The 

fluorescence of the bacterial cells was measured by Victor™ 1420 Multilabel Counter (Perkin 

Elmer, Waltham, MA, U.S.) at 485/535 nm for 1 sec per well controlled by Wallac 1420 

Manager software. Each treatment was repeated in at least 2 wells per plate during the 

experiments. % fluorescence intensity based on the quantity of E. coli-GFP cells was calculated 

using untreated control values as 100%. Error was represented by standard deviation (SD). IC50 

values (50% inhibiting concentration) were calculated by GraphPad Prism® 5. 
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Cytotoxicity assay 

Cytotoxicity of the synthesized molecules was determined on A549, NIH/3T3 and HL-60 cells 

using the fluorescent Resazurin assay as described previously [S11]. 

Briefly, cells (A549 and NIH/3T3: 6000, HL-60: 120.000 cells/well) were seeded into 96-well 

plates (Corning Life Sciences) in media and incubated overnight. Test compounds were 

dissolved in 3-fold amounts of dimethyl sulfoxide (DMSO). Cells were treated with an 

increasing concentration of test compounds (1 µM – 30 µM). Positive controls were 

doxorubicin for A549 and NIH/3T3 (IC50= 0.31±0.24 µM and 5.65±0.81 µM, respectively), 

and bortezomib for HL60 (IC50= 7.42±2.60 nM). Cell viability was determined after 72 h 

incubation. Resazurin reagent (Sigma-Aldrich) was added at a final concentration of 25 µg/mL. 

After a 2 h incubation for at 37 °C, 5% CO2, fluorescence (530 nm excitation /580 nm emission) 

was recorded on a multimode microplate reader (Cytofluor4000, PerSeptive Biosytems). 

Viability was calculated with relation to untreated control cells and blank wells containing 

media without cells. IC50 values (50% inhibiting concentration) were calculated by GraphPad 

Prism® 5 (La Jolla, CA, USA). Student’s t test was performed for individual test compound 

concentrations with relation to untreated control cell viability values. 
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1H NMR, 13C NMR and 31P NMR spectra 
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