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(A) Full experimental and spectroscopic data for the synthesized compounds : 

General method for reaction compound 1 with phenyl phosphorus halides: Synthesis of 

2-aryl-3-benzoyl-4-hydroxy-2H-1,2-benzoxaphosphinines 2-4. 

P,P-Dichlorophenylphosphine, phenyl phosphonic dichloride and phenyl 

phosphorodichloridate (5 mmol) was added individually to a solution of compound 1 (5 mmol, 

1.20 g) in dry toluene (30 mL) in the presence of triethylamine (10 mmol, 1.4 mL) as a base, 

under stirring for 30 minutes at 10 oC then heated under reflux for 8-12 hours. The formed 

solids were filtered off, washed with water and crystallized from diluted EtOH. 

3-Benzoyl-4-hydroxy-2-phenyl-2H-1,2-benzoxaphosphinine (2). Orange solid in 59% yield; 

mp 226−228 oC; IR (KBr), v 3390 (OH), 3057 (C−HAr), 1660 (C=O), 1619, 1591 (C=C), 1024 

(O–C); 1H-NMR (400 MHz, DMSO-d6): δ 7.44 (t, 1H, J=7.6 Hz, H–6), 7.55–7.70 (m, 6H,     

Ph–H), 7.79 (d, 1H, J=6.8 Hz, H–8), 7.89–7.94 (m, 2H, Ph–H), 8.00 (t, 1H, J=6.0 Hz, H–7), 

8.12 (d, 1H, J=8.0 Hz, H–5), 8.16 (d, 2H, J=7.2 Hz, Ph–H), 12.63 (br, 1H, OH); 13C-NMR (100 

MHz, DMSO-d6): δ 117.3 (C–8), 119.5 (d, J=97 Hz, C–1``), 122.1 (C–4`), 127.3 (C–4a), 128.2 

(C–3`,5`), 128.5 (C–5), 129.3 (d, J=132 Hz, C–3), 129.4 (C–2`,6`), 130.5 (C–3``,5``), 131.3 

(C–1`), 132.2 (C–6), 133.2 (C–2``,6``), 133.5 (C–7), 137.3 (C–4``), 156.9 (C–8a), 159.5 (C–4), 

166.6 (C=O); MS m/z, (%) 346 (M+, 2%). Anal. Calcd for C21H15O3P (346.33): C, 72.83; H, 

4.37%. Found: C, 72.51; H, 4.09%.     

3-Benzoyl-4-hydroxy-2-oxido-2-phenyl-2H-1,2-benzoxaphosphinine (3). Beige solid in 

72% yield; mp 149−151 oC.  IR (KBr), v 3008 (br, OH), 1687 (C=O), 1601, 1581 (C=C), 1292 



(P=O), 1026, 1071 (O–C); 1H-NMR (400 MHz, DMSO-d6): δ 7.47 (t, 1H, J=7.6 Hz, H–6), 

7.55–7.70 (m, 7H, H–8 and Ph–H), 7.90–7.94 (m, 3H, H–7 and Ph–H), 8.13 (d, 1H, J=7.6 Hz, 

H–5), 8.17 (d, 2H, J=7.2 Hz, Ph–H), 12.92 (br, 1H, OH); 13C-NMR (100 MHz, DMSO-d6): δ 

117.3 (C–8), 121.8 (C–4`), 124.6 (d, J=86 Hz, C–1``), 127.3 (C–4a), 128.3 (C–5), 128.8 (d, 

J=60 Hz, C–3), 128.9 (C–3`,5`), 129.4  (C–1`), 129.7 (C–2`,6`), 130.0 (C–3``,5``), 130.5         

(C–6), 131.1 (C–7), 133.2 (C–2``,6``), 137.3 (C–4``), 156.9 (C–8a), 159.3 (C–4), 167.7 (C=O). 

31P-NMR (162 MHz, DMSO-d6): δ 38.42; MS m/z, (%) 362 (M+, 16%). Anal. Calcd for 

C21H15O4P (362.33): C, 69.62; H, 4.17. Found: C, 69.23; H, 3.88%. 

3-Benzoyl-4-hydroxy-2-oxido-2-phenyoxy-2H-1,2-benzoxaphosphinine (4). Beige solid in 

66% yield; mp 149−151 oC. IR (KBr), v 3158 (br, OH), 3091, 3024 (C−HAr), 1646 (C=O), 

1600, 1581 (C=C), 1281 (P=O), 1012, 1039 (O–C); 1H-NMR (400 MHz, DMSO-d6): δ 6.90–

6.93 (m, 2H, Ph-H), 7.48 (t, 1H, J=7.2 Hz, H–6), 7.58–7.71 (m, 6H, and Ph–H), 7.77 (d, 1H, 

J=8.0 Hz, H–8), 7.93 (t, 1H, J=8.0 Hz, H–7), 8.13 (d, 1H, J=8.0 Hz, H–5), 8.18 (d, 2H, J=7.2 

Hz, Ph–H), 12.15 (br, 1H, OH); 13C-NMR (100 MHz, DMSO-d6): δ 117.3 (C–8), 117.5             

(C–3``,5``), 119.6 (C–4`), 127.3 (C–4a), 128.2 (C–3`,5`), 128.5 (C–5), 129.4 (C–2`,6`), 129.8 

(d, J=165 Hz, C–3), 130.5 (C–6), 131.7 (C–1`), 133.1 (C–4``), 136.1 (C–7), 137.3 (C–2``,6``), 

159.4 (C–8a), 156.9 (C–1``), 161.5 (C–4), 172.3 (C=O); MS m/z, (%) 378 (M+, 10%). Anal. 

Calcd for C21H15O5P (378.32): C, 66.67; H, 4.00. Found: C, 66.34; H, 3.71%.  

Conversion of compound 2 into the corresponding oxide analogue 3. 

A solution of compound 2 (0.1 g) in tetrahydrofuran (10 ml) and aqueous hydrogen 

peroxide (30%, 0.25 mL) was stirred for 8 hours at room temperature. The reaction mixture 

was concentrated to its third volume, and then added diethyl ether (20 mL). The isolated 

precipitate 3 was filtered off and dried to give beige solid in 48% yield; mp 150−151 oC.   

Synthesis of 3-benzoyl-2,4-dihydroxy-2-oxido-2H-1,2-benzoxaphosphinine (5). 

Method A. A solution of phosphorus oxychloride (5 mmol, 0.6 mL) in dry toluene, was added 

to a solution of compound 1 (5 mmol, 1.20 g) in dry toluene (30 mL) in the presence of 

triethylamine (10 mmol, 1.4 mL) as a base, under stirring for 30 minutes at 10 oC then heated 



under reflux for 10 hours. The oily product was heated in distilled water (20 mL). The formed 

solid was filtered off, washed with water and crystallized from methanol to give green solid in 

85% yield; mp 91−93 oC.  

Method B. Compound 6 (0.1 g) was warmed in aqueous solution of sodium carbonate (10 mL, 

10%) for 1 hour. The formed solid was filtered off, washed with water and crystallized from 

methanol to give green solid in 54% yield; mp 91−92 oC. IR (KBr), v 3389, 3148 (br, OH), 

3056, 3002 (C−HAr), 1666 (C=O), 1619, 1592 (C=C), 1189 (P=O), 1024 (O–C); 1H-NMR (400 

MHz, DMSO-d6): δ 3.54 (s, 1H, OH), 7.16 (t, 1H, J=7.6 Hz, H–6), 7.48–7.63 (m, 3H, Ph–H), 

7.82 (t, 1H, J=8.0 Hz, H–7), 7.88 (d, 1H, J=8.4 Hz, H–8), 7.92 (d, 1H, J=6.8 Hz, H–5), 8.13–

8.17 (m, 2H, Ph–H), 12.93 (s, 1H, OH); 13C-NMR (100 MHz, DMSO-d6): δ 119.6 (C–8), 120.5 

(C–4`), 123.1 (C–4a), 126.3 (C–5), 127.4 (C–3`,5`), 128.7 (d, J=86 Hz, C–3), 129.3 (C–2`,6`), 

131.8 (C–1`), 132.5 (C–6), 133.0 (C–7), 152.9 (C–8a), 164.8 (C=O), 171.5 (C=O); MS m/z, 

(%) 302 (M+, 24%). Anal. Calcd for C15H11O5P (302.23): C, 59.61; H, 3.67. Found: C, 59.29; 

H, 3.32%.     

Synthesis of 2,2-dichloro-3-benzoyl-4H-1,2λ5-benzoxaphosphinin-4-one (6). 

A solution of phosphorus pentachloride (5 mmol, 1.04  g) in dry toluene, was added to a 

solution of compound 1 (5 mmol, 1.20 g) in dry toluene (30 mL) in the presence of triethylamine 

(15 mmol, 2.1 mL) as a base, under stirring for 30 minutes at 10 oC then heated under reflux 

for 10 hours. The formed solid was filtered off, washed with ether and crystallized from 

petroleum ether to give yellow solid in 61% yield; mp 96−97 oC. IR (KBr), v 3079 (C−HAr), 

1695, 1657 (C=O), 1605, 1593 (C=C), 1072 (O–C); 1H-NMR (400 MHz, DMSO-d6): δ 7.49 (t, 

1H, J=8.0 Hz, H–6), 7.55–7.61 (m, 3H, Ph–H), 7.78 (d, 1H, J=8.4 Hz, H–8), 7.83 (t, 1H, J=7.2 

Hz, H–7), 8.04 (d, 1H, J=7.6 Hz, H–5), 8.10 (d, 2H, J=8.0 Hz, Ph–H); 13C-NMR (100 MHz, 

DMSO-d6): δ 119.0 (C–8), 121.7 (C–4`), 124.5 (d, J=153 Hz, C–3), 125.2 (C–4a), 126.0          

(C–5), 126.8 (C–3`,5`), 129.7 (C–2`,6`), 131.6 (C–1`), 132.2 (C–6), 134.6 (C–7), 156.1 (C–8a), 

162.9 (C=O), 177.5 (C=O); MS m/z, (%) 339 (M+, 9%). Anal. Calcd for C15H9Cl2O3P 

(339.12): C, 53.13; H, 2.68. Found: C, 52.87; H, 2.32%.      



Synthesis of 3-benzoyl-4H-1,2-benzoxaphosphinin-4-one (7). 

A solution of phosphorus tribromide (5 mmol, 0.5 mL) in dry toluene, was added to              

a solution of compound 1 (5 mmol, 1.20 g) in dry toluene (30 mL) in the presence of 

triethylamine (15 mmol, 2.1 mL) as a base, under stirring for 30 minutes at 10 oC then heated 

under reflux for 10 hours. The formed solid was filtered off, washed with water and crystallized 

from diluted ethanol to give green solid in 54% yield; mp 99−101 oC IR (KBr), v 3059 (C−HAr), 

1694, 1649 (C=O), 1613, 1592 (C=C), 1027 (O–C); 1H-NMR (400 MHz, DMSO-d6): δ 7.48 (t, 

1H, J=6.8 Hz, H–6), 7.55–7.62 (m, 3H, Ph–H), 7.78 (d, 1H, J=8.0 Hz, H–8), 7.83 (t, 1H, J=8.4 

Hz, H–7), 8.04 (d, 1H, J=7.6 Hz, H–5), 8.10 (d, 2H, J=8.0 Hz, Ph–H); 13C-NMR (100 MHz, 

DMSO-d6): δ 119.0 (C–8), 122.5 (C–4`), 124.4 (d, J=125 Hz, C–3), 125.2 (C–4a), 126.0           

(C–5), 126.8 (C–3`,5`), 129.5 (C–2`,6`), 131.6 (C–1`), 132.4 (C–6), 134.8 (C–7), 156.1 (C–8a), 

163.1 (C=O), 177.6 (C=O); 31P-NMR (162 MHz, DMSO-d6): δ 210.02; MS m/z, (%)  268 (M+, 

4%). Anal. Calcd for C15H9O3P (268.21): C, 67.17; H, 3.38. Found: C, 68.86; H, 3.04%.  

   

General method for reaction compound 1 with phosphonium salts: Synthesis of the 

products 8 and 9. 

Acetonyl triphenylphosphonium bromide and benzyl triphenyl phosphonium chloride (5 

mmol) was added individually to each a solution of compound 1 (5 mmol, 1.20 g) in dry dioxane 

(30 mL) in the presence of sodium hydride (10 mmol, 0.24 g) as a base, then heated under reflux 

for 10-12 hours. The mixtures were concentrated into their half volumes and poured into cold 

water then extracted with ethyl acetate. The evaporation of ethyl acetate gave solids 8 and 9, 

respectively.  

4-(1-Phenylethanoyl)-3-acetyl-2,2,2-triphenyl-2H-1,2λ5-benzoxaphosphinine (8). Beige 

solid in 44% yield; mp 132−134 oC. IR (KBr), v 3040, 3010 (C−HAr), 2901, 2820 (C–Haliph), 

1765, 1702 (C=O), 1612, 1572 (C=C), 1026, 1011 (O–C); 1H-NMR (400 MHz, DMSO-d6): δ 

2.33 (s, 3H, CH3), 5.72 (d, 2H, J=16 Hz, CH2), 7.55–7.66 (m, 7H, Ph−H), 7.71–7.78 (m, 10H, 

Ph–H), 7.83 (t, 2H, J=6.4 Hz, Ph−H), 7.92 (t, 2H, J=8.0 Hz, Ph−H), 8.13 (d, 1H, J=7.6 Hz,     



H–5), 8.17 (d, 2H, J=8.4 Hz, Ph−H); 13C-NMR (100 MHz, DMSO-d6): δ 32.0 (CH3), 38.3 (d, 

J=58 Hz, CH2), 117.3 (C–8), 119.3 (d, J=88 Hz, C–1``), 120.3 (C–4), 123.4 (C–5), 126.2          

(C–4a), 127.4 (C–1`), 128.2 (C–3`,5`), 128.5 (C–4`), 129.4 (d, J=86 Hz, C–3), 129.5 (C–2`,6`), 

130.5 (C–3``,5``), 133.2 (C–2``,6``), 134.1 (C–4``), 135.2 (C–6), 137.3 (C–7), 156.9 (C–8a), 

159.3 (C=O), 201.5 (C=O); MS m/z, (%) 463 (M+–Ph, 7%). Anal. Calcd for C36H29O3P 

(540.60): C, 79.98; H, 5.41. Found: C, 79.69; H, 5.07%.     

4-(1-Phenylethanoyl)-2,2,2,3-tetraphenyl-2H-1,2λ5-benzoxaphosphinine (9). Beige solid in 

53% yield; mp 101−103 oC. IR (KBr), v 3076, 3057 (C−HAr), 2989, 2873 (C–Haliph), 1765 

(C=O), 1613, 15991 (C=C), 1029 (O–C). 1H-NMR (400 MHz, DMSO-d6): δ 5.22 (d, 2H, 

J=14.6 Hz, CH2), 6.97 (d, 2H, J=7.6 Hz, Ph-H), 7.20 (t, 1H, J=7.6 Hz, H-6), 7.25–7.29 (m, 3H, 

Ph−H), 7.56–7.74 (m, 17H, H−8 and Ph–H), 7.86−7.89 (m, 3H, Ph−H), 7.94 (t, 1H, J=8.0 Hz, 

H−7), 8.14 (d, 1H, J=8.0 Hz, H–5), 8.16−8.18 (m, 1H, Ph−H); 13C-NMR (100 MHz, DMSO-

d6): δ 50.0 (d, J=56 Hz, CH2), 117.4 (C–8), 118.3 (d, J=85 Hz, C–1``), 121.0 (C–4), 124.7       

(C–5), 126.0 (C–4a), 127.4 (C–1```), 128.2  (C–3`,5`), 128.4 (C–4`), 128.5 (d, J=85 Hz, C–3), 

129.1 (C–4```), 129.2 (C-3```,5```), 129.5 (C-2```,6```), 130.5 (C–3``,5``), 131.3 (C–2`,6`), 

132.4 (C–1`), 133.2 (C–6), 134.4 (C–2``,6``), 135.5 (C–4``), 137.3 (C–7), 156.8 (C–8a), 159.3 

(C=O); 31P-NMR (162 MHz, DMSO-d6): δ 24.31; MS m/z, (%) 497 (M+–Ph, 12%). Anal. Calcd 

for C40H31O2P (574.67): C, 83.60; H, 5.44. Found: C, 83.32; H, 5.11%. 
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