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Synthesis of 2-(tert-butyl-phenyl-phosphinoyl)-benzamide (4).
To a solution of P-(’-dimethyl)-P,P-(diphenyl)(N-methoxycarbonyl)phosphazene (0.2 g, 6.64x 10-4 mol)  in THF (15 mL) was added a solution of LiBut (0.86 mL of a 1.7 M solution in cyclohexane, 1.46x  10-3 mol) at –35 ºC. After 30 min of metallation was added IMe (42x 10-3 mL, 6.64x 10-4 mol) at –95 ºC and the mixture was stirred for 2 h and 30 min. Then, the reaction was quenched with 2M HCl, stirred for 30 min, and extracted with dichloromethane (2x15 mL). The organic layers were dried over Na2SO4 and concentrated in vacuo affording a yellow solid. (4). Yield after precipitation from ether was 96%. Yelow solid. Mp 43-44 ºC; IR (KBr) 3415, 1670 cm-1; 1H NMR (300 MHz, CDCl3)  1.28 (d, 3JPH 15.2 Hz, 9H), 5.94 (s, 1H, NH2), 7.35 (m, 2H, ArH), 7.43 (m, 2H, ArH), 7.51 (m, 1H, ArH), 7.62 (m, 2H, ArH), 7.79 (m, 1H, ArH), 7.84 (m, 1H, ArH), 10.82 (1H, NH2) ppm. 13C NMR (75.5 MHz, CDCl3)  25.63 (3CH3), 34.28 (d, 1JPC 70.6 Hz, C), 127.95 (d, 1JPC 85.3 Hz, C), 128.01 (d, 3JPC 11.4 Hz, 2CH), 129.00 (d, 3JPC 13.5 Hz, CH), 130.27 (d, 1JPC 92.5 Hz, C), 131.52 (d, 3JPC 10.5 Hz, CH), 131.79 (d, 4JPC 2.6 Hz, CH), 131.90 (d, 4JPC 2.4 Hz, CH), 132.29 (d, 2JPC 8.7 Hz, CH), 132.37 (d, 2JPC 8.7 Hz, 2CH), 141.58 (d, 2JPC 6.3 Hz, C), 170.26 (d, 3JPC 3.6 Hz, C) ppm. 31P NMR (121.6 MHz, CDCl3)  46.80 ppm. MS (API-ES), m/z: 302 (M + 1). Analysis: Calcd (%) for C17H20NO2P: C, 67.76; H, 6.69; N, 4.65; found: C, 67.83; H, 6.65; N, 4.66.

General procedure for the synthesis of bicyclic 1,2-oxaphosphetanes 5a/f-cis/trans.
To a solution of the appropriate phosphazene 1 (6.64x 10-4 mol) in THF (15 mL) was added a solution of LiBut (0.86 mL of a 1.7 M solution in cyclohexane, 1.46x 10-3 mol) at –35 ºC. After 30 min of metallation was added the corresponding electrophile (0.66x 10-3 mol). The reaction mixture was stirred at –95 ºC for 2 h 30 min and then quenched with MeOH. The reaction mixture was extracted with dichloromethane (2x15 mL). The organic layers were dried over Na2SO4 and concentrated in vacuo. 1H, 1H{31P}, and 31P NMR spectra of the crude reaction were measured in order to determine the stereoselectivity of the process. The crude mixture was purified by flash column chromatography (eluent: mixture of ethyl acetate:hexane) or by precipitation from ether affording 5a/f-cis/trans. Alternatively, they can be recrystallized from hexane:dichloromethane.

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3,3-dimethyl-4-iso-propyl-1,25-oxaphosphetane (5a-cis).

Yield after chromatography (ethyl acetate: hexane 1:1) 38 %. Oil. 1H NMR (300 MHz, CDCl3) 0.85 (d, 3J 6.6 Hz, 3H), 1.14 (d, 3J 6.6 Hz, 3H), 1.20 (d, 3JPH 28.6 Hz, 3H), 1.51 (d, 3JPH 26.8 Hz, 3H), 1.91-2.06 (m, 1 H), 3.25 (dd, 3JPH 5.9 Hz, 3J 10.3 Hz, 1H), 6.30 (d, 2JPH 10.6 Hz, 1H, NH), 7.39 (m, 3H, ArH) 7.70 (m, 2H, ArH), 7.99 (m, 3H, ArH), 8.12 (m, 1H, ArH) ppm. 13C NMR(75.5 MHz, CDCl3)17.69 (d, 2JPC 6.3 Hz, CH3), 18.27 (CH3), 20.40 (d, 4JPC 1.2 Hz, CH3), 24.10 (d, 2JPC 6.9 Hz, CH3), 30.37 (d, 3JPC 12.9 Hz, CH), 62.76 (d, 1JPC 108.4 Hz, C), 80.67 (d, 2JPC 18.3 Hz, CH), 124.68 (d, 2JPC 11.7 Hz, CH), 128.34 (d, 3JPC 15.0 Hz, 2CH), 131.33 (d, 4JPC 3.6 Hz, CH), 131.95 (d, 3JPC 15.3 Hz, CH), 133.07 (d, 4JPC 3.0 Hz, CH), 134.88 (d, 1JPC 143.0 Hz, C), 134.96 (d, 1JPC 147.2 Hz, C), 135.11 (d, 2JPC 12.3 Hz, 2CH), 135.30 (d, 3JPC 12.0 Hz, CH), 138.87 (d, 2JPC 10.2 Hz, C), 168.38 (d, 3JPC 3.9 Hz, C) ppm. 31P NMR(121.6 MHz, CDCl3)-64.80 ppm. MS (API-ES), m/z: 342 (M + 1). Analysis: Calcd (%) for C20H24NO2P: C, 70.37; H, 7.09; N, 4.10; found: C, 70.43; H, 6.95; N, 4.03. 

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3,3-dimethyl-4-iso-propyl-1,25-oxaphosphetane (5a-trans).

Yield after chromatography (ethyl acetate: hexane 1:1) 46%. White solid. Mp 190-191 ºC ,decomp. IR (KBr) 3480, 1670 cm-1. 1H NMR (300 MHz, CDCl3)  0.84 (d, 3JHH 6.5 Hz, 3H), 1.14 (d, 3JHH 6.5 Hz, 3H), 1.35 (d, 3JPH 28.4 Hz, 3H), 1.39 (d, 3JPH 26.3 Hz, 3H), 1.76 (m, 1H), 3.25 (dd, 3JHH 10.1, 3JPH 3.8 Hz, 1H), 6.72 (d, 2JPH 9.6 Hz, 1H, NH), 7.42 (m, 3H, ArH), 7.63 (m, 2H, ArH), 8.0 (m, 1H, ArH), 8.03 (m, 2H, ArH), 8.15 (m, 1H, ArH) ppm. 13C{1H} NMR (75.5 MHz, CDCl3)  17.27 (d, 2JPC 6.2 Hz, CH3), 18.11 (d, 4JPC 0.6 Hz, CH3), 20.35 (d, 4JPC 1.2 Hz CH3), 23.52 (d, 2JPC 6.7 Hz, CH3), 30.89 (d, 3JPC 14.3 Hz, CH3), 63.52 (d, 1JPC 110.2 Hz, C), 78.96 (d, 2JPC 18.7 Hz, CH), 124.11 (d, 3JPC 13.0 Hz, CH), 128.67 (d, 3JPC 13.8 Hz, CH), 131.38 (d, 2JPC 3.6 Hz, CH), 131.99 (d, 2JPC 15.6 Hz, CH), 132.65 (d, 2JPC 2.7 Hz, CH), 133.30 (d, 1JPC 133.7 Hz, C), 134.78 (d, 2JPC 12.0 Hz, CH), 135.26 (d, 3JPC 12.3 Hz, CH), 137.53 (d, 2JPC 10.8 Hz, C), 137.63 (d, 1JPC 154.1 Hz, C), 168.62 (d, 2JPC 5.3 Hz, C) ppm. 31P NMR (121.6 MHz, CDCl3)  -64.59 ppm. MS (API-ES), m/z: 342 (M + 1). Analysis: Calcd (%) for C20H24NO2P: C, 70.37; H, 7.09; N, 4.10; found: C, 70.28; H, 7.13; N, 4.05.

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3,3-dimethyl-4-tert-buthyl-1,25-oxaphosphetane (5b-cis).

Yield after chromatography (ethyl acetate: hexane 1:1) 58 %. White solid. Mp 181 ºC, decomp. IR (KBr) 3464, 3192, 1665 cm-1. 1H NMR (300 MHz, CDCl3) 1.08 (s, 9H), 1.14 (d, 3JPH 28.6 Hz, 3H), 1.66 (d, 3JPH 26.9 Hz, 3H), 3.42 (d, 3JPH 3.4 Hz, 1H), 6.83 (d, 2JPH 10.6 Hz, 1H, NH), 7.37 (m, 3H, ArH), 7.68 (m, 2H, ArH), 8.10 (m, 4H, ArH) ppm. 13C NMR(75.5 MHz, CDCl3)18.79 (d, 2JPC 6.6 Hz, CH3), 24.70 (d, 2JPC 7.5 Hz, CH3), 26.89 (3CH3), 35.56 (d, 3JPC 17.1 Hz, C), 64.67 (d, 1JPC 107.8 Hz, C), 82.64 (d, 2JPC 18.0 Hz, CH), 124.77 (d, 2JPC 11.4 Hz, CH), 128.36 (d, 3JPC 15.3 Hz, 2CH), 131.20 (d, 4JPC 3.6 Hz, CH), 131.98 (d, 3JPC 14.7 Hz, CH), 133.05 (d, 4JPC 3.0 Hz, CH), 134.24 (d, 1JPC 140.0 Hz, C), 134.94 (d, 2JPC 12.0 Hz, 2CH), 134.97 (d, 3JPC 11.7 Hz, CH), 135.31 (d, 1JPC 150.2 Hz, C), 139.32 (d, 2JPC 10.2 Hz, C), 168.35 (d, 3JPC 3.9 Hz, C) ppm. 31P NMR(121.6 MHz, CDCl3)-65.26 ppm. MS (API-ES), m/z: 356 (M + 1). Analysis: Calcd (%) for C21H26NO2P: C, 70.97; H, 7.37; N, 3.94; found: C, 70.89; H, 7.41; N, 4.07.

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3-buthyl-3,4-dimethyl-4-phenyl-1,25-oxaphosphetane (5e-cis).

Yield after precipitation from ether 12%. White solid. Mp 203-204 ºC. IR (KBr) 3443, 3141, 1667 cm-1. 1H NMR (300 MHz, CDCl3) 0.55 (d, 3J 7.1 Hz, 3H), 0.88 (m, 2H), 1.05 (m, 2H), 1.37 (d, 3JPH  27.6 Hz, 3H), 1.42 (m, 1H), 1.57 (s, 3H), 1.64 (m, 1H), 6.23 (d, 2JPH 10.5 Hz, 1H, NH), 7.26 (m, 1H, ArH), 7.40 (m, 7H, ArH) 7.69 (m, 2H, ArH), 8.08 (m, 3H, ArH), 8.36 (m, 1H, ArH) ppm. 13C NMR(75.5 MHz, CDCl3)CH3), 17.76 (d, 2JPC 5.1 Hz, CH3), 23.06 (CH2), 26.27 (d, 2JPC 12.3 Hz, CH2), 28.42 (CH3), 35.42 (CH2), 70.34 (d, 1JPC 109.6 Hz, C), 77.50 (d, 2JPC 15.6 Hz, C), 124.40 (d, 2JPC 11.7 Hz, CH), 125.72 (2CH), 126.56 (CH), 127.77 (2CH), 128.31 (d, 3JPC 15.0 Hz, 2CH), 131.04 (d, 4JPC 3.6 Hz, CH), 131.93 (d, 3JPC 15.0 Hz, CH), 132.89 (d, 4JPC 3.0 Hz, CH), 134.25 (d, 2JPC 11.7 Hz, 2CH), 135.27 (d, 1JPC 144.2 Hz, C), 136.07 (d, 3JPC 11.7 Hz, CH), 137.61 (d, 1JPC 143.3 Hz, C), 138.39 (d, 2JPC 10.8 Hz, C), 145.44 (d, 3JPC 14.1 Hz, C), 168.20 (d, 2JPC 4.2 Hz, C) ppm. 31P NMR(121.6 MHz, CDCl3)-66.96 ppm. MS (API-ES), m/z: 432 (M + 1). Analysis: Calcd (%) for C27H30NO2P: C, 75.15; H, 7.01; N, 3.25; found: C, 75.03; H, 6.95; N, 3.33.

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3-buthyl-3,4-dimethyl-4-phenyl-1,25-oxaphosphetane (5e-trans).

Yield after precipitation from ether 42%. White solid. Mp 228-229 ºC. IR (KBr) 3460, 3145, 2664 cm-1. 1H NMR (300 MHz, CDCl3)  (d, 3J 7.2 Hz, 3H), 1.13 (m, 2H), 1.22 (d, 3JPH 27.4 Hz, 3H), 1.40 (m, 2H), 1.63 (s, 1H), 1.65 (s, 3H), 1.89 (m, 1H), 7.29 (m, 8H, ArH), 7.58 (d, 2JPH 10.7 Hz, 1H, NH), 7.78 (m, 2H, ArH), 7.94 (dd, 3JPH  8.0 Hz, 3J 7.4 Hz 2H, ArH) 8.06 (m, 1H, ArH), 8.51 (m, 1H, ArH) ppm. 13C NMR(75.5 MHz, CDCl3)CH3), 19.47 (d, 2JPC 7.2 Hz, CH3), 23.34 (CH2), 25.82 (d, 2JPC 20.4 Hz, CH2), 28.38 (CH3), 32.05 (d, 3JPC 5.4 Hz, CH2), 69.12 (d, 1JPC 108.7 Hz, C), 77.62 (d, 2JPC 15.3 Hz, C), 124.39 (d, 2JPC 11.7 Hz, CH), 125.61 (2CH), 126.25 (CH), 127.88 (2CH), 127.98 (d, 3JPC 14.1 Hz, 2CH), 130.43 (d, 4JPC 3.8 Hz, CH), 131.87 (d, 3JPC 15.0 Hz, CH), 133.01 (d, 4JPC 3.0 Hz, CH), 133.68 (d, 2JPC 11.7 Hz, 2CH), 135.98 (d, 3JPC 11.4 Hz, CH), 136.25 (d, 1JPC 141.2 Hz, C), 136.96 (d, 1JPC 51.4 Hz, C), 138.39 (d, 2JPC 10.8 Hz, C), 145.44 (d, 3JPC 14.1 Hz, C), 168.20 (d, 2JPC 4.2 Hz C), 138.84 (d, 2JPC 10.5 Hz, C), 145.93 (d, 3JPC 11.7 Hz, C), 168.08 (d, 2JPC 4.5 Hz, C) ppm. . 31P NMR(121.6 MHz, CDCl3)-66.60 ppm. MS (API-ES), m/z: 432 (M + 1). Analysis: Calcd (%) for C27H30NO2P: C, 75.15; H, 7.01; N, 3.25; found: C, 75.12; H, 7.15; N, 3.03. 

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3,3,4-trimethyl-4-phenyl-1,25-oxaphosphetane (5f-cis).

Yield after precipitation from ether 77%. White solid. Mp 233 ºC; IR (KBr) 3452, 3165, 1669 cm-1. 1H NMR (300 MHz, CDCl3)  1.18 (d, 3JPH 26.3 Hz, 3H, CH3), 1.35 (d, 3JPH 27.0 Hz, 3H, CH3), 1.56 (3H, CH3), 7.09 (d, 2JPH 10.6 Hz, 1H, NH), 7.25 (m, 1H, ArH), 7.33 (m, 7H, ArH), 7.75 (m, 2H, ArH), 7.96 (m, 2H, ArH), 8.07 (m, 1 H, ArH), 8.45 (m, 1H, ArH) ppm. 13C NMR (75.5 MHz, CDCl3)  21.24 (d, 2JPC 5.1 Hz, CH3), 23.75 (d, 2JPC 5.7 Hz, CH3), 28.78 (d, 3JPC 1.5 Hz, CH3), 65.82 (d, 1JPC 110.5 Hz, C), 76.96 (d, 2JPC 15.0 Hz, C), 124.50 (d, 3JPC 11.7 Hz, CH), 124.96 (2CH), 126.40 (CH), 127.96 (2CH), 128.15 (d, 3JPC 15.0 Hz, 2CH), 130.78 (d, 4JPC  3.6 Hz, CH), 131.89 (d, 3JPC 15.0 Hz, CH), 133.11 (d, 4JPC 3.3 Hz, CH), 133.96 (d, 2JPC 12.0 Hz, 2CH), 135.84 (d, 1JPC 1492.9 Hz, C), 136.00 (d, 2JPC 11.7 Hz, CH), 136.31 (d, 1JPC 142.1 Hz, C), 138.74 (d, 2JPC 10.6 Hz, C), 146.04 (d, 3JPC 12.6 Hz, C), 168.15 (d, 2JPC 4.5 Hz, C) ppm. 31P-NMR (121.6 MHz, CDCl3)  -65.42 ppm. MS (API-ES), m/z: 390 (M + 1). Analysis: Calcd (%) for C24H24NO2P: C, 74.02; H, 6.21; N, 3.60; found: C, 74.53; H, 6.03; N, 3.99.

P-{1,2-dihydro-benzo[c]-1,2-azaphosphol-5-one}-[P]-phenyl-3,3,4-trimethyl-4-phenyl-1,25-oxaphosphetane (5f-trans).

Yield after chromatography (ethyl acetate: hexane 1:1) 5 % (this compound was impurified with 33% of 3d-cis). 1H NMR (300 MHz, CDCl3)  0.91 (d, 3JPH 26.0 Hz, 3H), 1.40 (s, 3H), 1.59 (d, 3JPH 27.1 Hz, 3H), 6.89 (d, 2JPH 10.3 Hz, 1H, NH), 7.23 (m, 1H, ArH), 7.39 (m. 7H, ArH), 7.66 (m, 1H, ArH), 7.76 (m, 1H, ArH), 7.96 (m, 1H, ArH), 8.15 (m, 2H, ArH), 8.57 (m, 1H, ArH) ppm. 13C NMR (75.5 MHz, CDCl3)  20.56 (d, 2JPC 5.1 Hz, CH3), 22.93 (d, 2JPC 6.3 Hz, CH3), 27.44 (d, 3JPC 0.9 Hz, CH3), 66.46 (d, 1JPC 112.0 Hz, C), 75.41 (d, 2JPC 14.7 Hz, C), 124.30 (d, 3JPC 12.6 Hz, CH), 124.76 (2CH), 126.38 (CH), 127.89 (2CH), 128.28 (d, 3JPC 14.1 Hz, 2CH), 131.01 (d, 4JPC 3.6 Hz, CH), 132.21 (d, 3JPC 15.6 Hz, CH), 132.62 (d, 4JPC 3.0 Hz, CH), 134.41 (d, 2JPC 11.4 Hz, 2CH), 134.84 (d, 2JPC 11.4 Hz, CH), 136.07 (d, 1JPC 133.1 Hz, C), 137.39 (d, 1JPC 156.8 Hz, C), 137.60 (d, 2JPC 10.8 Hz, C), 146.47 (d, 3JPC 14.7 Hz, C), 168.31 (d, 2JPC 6.3 Hz, C) ppm. 31P-NMR (121.6 MHz, CDCl3)  -67.90 ppm. . MS (API-ES), m/z: 390 (M + 1). Analysis: Calcd (%) for C24H24NO2P: C, 74.02; H, 6.21; N, 3.60; found: C, 74.25 H, 5.95; N, 3.74.

General procedure for the synthesis of olefins 6 and benzoazaphosphol 7.
A solution of the appropriate spirocyclic 1,2-oxaphosphetane 5 (1.3x 10-4 mol) in toluene-d8 (0.5 mL) was heated  at 90-115 ºC. The reaction mixture was concentrated in vacuo. The olefin was extracted from crude mixture with hexane (2x5 mL) and the insoluble residue was washed with ether and identified as the benzoazaphosphol 7.
Z-3-methyl-2-phenyl-2-heptene (6c).

Oil. 1H NMR (300 MHz, CDCl3) 0.80 (t,3J 7.4 Hz, 3H), 1.15 (sex, 3J 7.2 Hz, 2H), 1.33 (m, 2H), 1.74 (s, 3H), 1.95 (s, 3H),  2.00 (t, 3J 7.5 Hz, 2H), 7.07 (d, 3J 7.5 Hz, 2H), 7.19 (m, 1H), 7.30 (m, 2H) ppm. 13C NMR(75.5 MHz, CDCl3)14.40 (CH3), 18.00 (CH3), 21.42 (CH3), 22.41 (CH2), 30.52 (CH2), 34.77 (CH2), 125.63 (CH), 127.88 (2CH), 128.36 (2CH), 130.19 (C), 131.53 (C), 145.07 (C) ppm. MS (API-ES), m/z: 189 (M + 1). Analysis: Calcd (%) for C14H20: C, 89.30; H, 10.70. Found: C, 90.13; H, 10.25.

E-3-methyl-2-phenyl-2-heptene (6d).

Oil. 1H NMR (300 MHz, CDCl3)  0.98 (t, 3J 7.2 Hz, 3H), 1.45 (m, 4H), 1.58 (s, 3H), 1.98 (s, 3H), 2.20 (t, 3J 7.5 Hz, 2H), 7.13 (d, 3J 7.7 Hz, 2H), 7.20 (m, 1H), 7.33 (m, 2H) ppm. 13C NMR(75.5 MHz, CDCl3)14.09 (CH3), 19.84 (CH3), 20.44 (CH3), 22.72 (CH2), 30.27 (CH2), 34.03 (CH2), 125.63 (CH), 127.88 (2CH), 128.36 (2CH), 130.19 (C), 131.53 (C), 145.57 (C) ppm. MS (API-ES), m/z: 189 (M + 1). Analysis: Calcd (%) for C14H20: C, 89.30; H, 10.70. Found: C, 90.22; H, 10.37.

2-Oxo-2-phenyl-1,2-dihydro-15-benzo[c][1,2]azaphosphol-5-one (7).

Yield after precipitation from ether 93%. White solid. Mp 224 ºC, decomp. IR (KBr) 3451, 1722 cm-1. 1H NMR (300 MHz, DMSO-d6)  7.54 (m, 2H, ArH), 7.63 (m, 1H, ArH), 7.75 (m, 2H, ArH), 7.84 (m, 3H, ArH), 7.98 (m, 1H, ArH), 10.42 (d, 2JPH 11.3 Hz, 1H, NH) ppm.13C NMR (75.5 MHz, DMSO-d6)  124.99 (d, 2JPC 10.5 Hz, CH), 128.40 (d, 3JPC 9.9 Hz, CH), 129.54 (d, 3JPC 13.5 Hz, 2CH), 129.57 (d, 1JPC 129.5 Hz, C), 131.97 (d, 2JPC 11.4 Hz, 2CH), 133.43 (d, 4JPC 3.3 Hz, CH), 134.07 (d, 4JPC 2.4 Hz, CH), 134.59 (d, 1JPC 115.0 Hz, C), 134.67 (d, 3JPC 13.3 Hz, CH), 134.89 (d, 2JPC 9.6 Hz, C), 167.48 (d, 2JPC 16.5 Hz, C). 31P-NMR (121.6 MHz, DMSO-d6)  20.11 ppm. MS (API-ES), m/z: 244 (M + 1). Analysis: Calcd (%) for C13H10NO2P: C, 64.20; H, 4.14; N, 5.76; found: C, 64.31; H, 4.09; N, 5.81.

1H, 13C, gHMQC, gHMBC, 1D-gNOESY NMR spectra of 5a-trans:
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Data for the X-ray structure analysis of 5a-trans: Crystal from CH2Cl2/Hexane; crystal dimensions 0.12 x 0.07 x 0.07 mm3; C20 H24 N O2 P' (Mr=341.37); monoclinic, space group C2/c, a =  13.6367(3)Å, b = 15.4090(3)Å, c = 18.5552(3)Å, = 108.422(1), V = 3699.2(1)Å3, Z = 8, Dx = 1.226 Mgm-3, ((Cu K() = 1.400 mm-1. ( = 1.54180 Å (Cu K( radiation, Nonius Kappa CCD single crystal difractometer). Data collection at 200(2)K,  and  scans, 4.46<(<69.95. 3462 unique reflections of which 2486 were observed with I>2(I). Crystal structure was solved by Patterson Methods, using the program Dirdif. Anisotropic least-squares refinement was carried out with SHELXL-97. The final cycle of full-matrix least-squares refinement based on 3462 reflections and 217 parameters converged to a final value of R1 (F2>2(F2)) = 0.0484, wR2 (F2>2(F2)) = 0.1199. Residual electron density 0.191/-0.388eÅ-3. Crystallographic data have been deposited with the Cambridge Structural Data Centre as supplementary publication number CCDC- 181221.

Table S1.  Crystal data and structure refinement for 5a-trans.

      Identification code               5a 

      Empirical formula                 C20 H24 N O2 P 

      Formula weight                    341.37 

      Temperature                       200(2) K 

      Wavelength                        1.54180 Å 

      Crystal system, space group       Monoclinic,  C2/c 

      Unit cell dimensions              a = 13.6367(3) Å   alpha = 90º.

                                        b = 15.4090(3) Å   beta = 108.4215(12)º.

                                        c = 18.5552(3) Å   gamma = 90º.

      Volume                            3699.17(12) A^3 

      Z, Calculated density             8,  1.226 Mg/m^3 

      Absorption coefficient            1.400 mm^-1 

      F(000)                            1456 

      Crystal size                      0.12 x 0.07 x 0.07 mm 

      Theta range for data collection   4.46 to 69.95º. 

      Limiting indices                  -16<=h<=16, -18<=k<=18, -22<=l<=22 

      Reflections collected / unique    28833 / 3462 [R(int) = 0.069]

       Completeness to theta = 69.95     47.5 % 

      Absorption correction             Empirical 

      Max. and min. transmission        0.895 and 0.839 

      Refinement method                 Full-matrix least-squares on F^2 

      Data / restraints / parameters    3462 / 0 / 217 

      Goodness-of-fit on F^2            1.053 

      Final R indices [I>2sigma(I)]     R1 = 0.0484, wR2 = 0.1199 

      R indices (all data)              R1 = 0.0705, wR2 = 0.1353 

      Largest diff. peak and hole       0.191 and -0.388 e.A^-3

         Table S2.  Atomic coordinates ( x 10^4) and equivalent isotropic

         displacement parameters (A^2 x 10^3) for 5a-trans.

         U(eq) is defined as one third of the trace of the orthogonalized

         Uij tensor.

________________________________________________________________

                         x             y             z           U(eq)

         ________________________________________________________________

          P(2)         2261(1)        730(1)       2146(1)       42(1)

          O(1)         1105(1)       1285(1)       1915(1)       50(1)

          O(24)        5054(1)        241(1)       3500(1)       57(1)

          N(5)         3608(1)        407(1)       2452(1)       49(1)

          C(3)         2419(2)       1571(2)       1470(1)       48(1)

          C(4)         1277(2)       1824(1)       1337(1)       46(1)

          C(6)         4127(2)        398(2)       3200(1)       45(1)

          C(7)         3401(2)        608(1)       3624(1)       42(1)

          C(8)         2408(2)        774(1)       3157(1)       40(1)

          C(9)         1632(2)        947(2)       3473(1)       49(1)

          C(10)        1882(2)        954(2)       4264(1)       56(1)

          C(11)        2884(2)        810(2)       4721(1)       55(1)

          C(12)        3654(2)        638(2)       4409(1)       50(1)

          C(13)        1742(2)       -310(2)       1711(1)       46(1)

          C(14)        2367(2)       -991(2)       1623(1)       56(1)

          C(15)        1933(2)      -1762(2)       1285(2)       69(1)

          C(16)         893(3)      -1871(2)       1034(2)       79(1)

          C(17)         266(2)      -1212(2)       1111(2)       95(1)

          C(18)         685(2)       -436(2)       1444(2)       79(1)

          C(19)         993(2)       2766(2)       1399(1)       52(1)

          C(20)        -110(2)       2860(2)       1398(2)       67(1)

          C(21)        1154(2)       3295(2)        751(2)       69(1)

          C(22)        2620(2)       1212(2)        762(1)       69(1)

          C(23)        3240(2)       2239(2)       1865(2)       68(1)

         ________________________________________________________________

           Table S3.  Bond lengths [Å] and angles [º] for 5a-trans.

           _____________________________________________________________

            P(2)-O(1)                     1.7245(15)

            P(2)-N(5)                     1.8120(18)

            P(2)-C(8)                     1.824(2)

            P(2)-C(13)                    1.833(2)

            P(2)-C(3)                     1.862(2)

            O(1)-C(4)                     1.433(3)

            O(24)-C(6)                    1.233(2)

            N(5)-C(6)                     1.344(3)

            N(5)-H(5)                     0.8600

            C(3)-C(22)                    1.527(3)

            C(3)-C(23)                    1.528(3)

            C(3)-C(4)                     1.547(3)

            C(4)-C(19)                    1.517(3)

            C(4)-H(4)                     0.9800

            C(6)-C(7)                     1.481(3)

            C(7)-C(8)                     1.381(3)

            C(7)-C(12)                    1.388(3)

            C(8)-C(9)                     1.387(3)

            C(9)-C(10)                    1.398(3)

            C(9)-H(9)                     0.9300

            C(10)-C(11)                   1.379(3)

            C(10)-H(10)                   0.9300

            C(11)-C(12)                   1.375(3)

            C(11)-H(11)                   0.9300

            C(12)-H(12)                   0.9300

                     ______________________________________________________________________

          Table S3.  Bond lengths [Å] and angles [º] for 5a-trans, continuation

           ____________________________________________________________________

C(13)-C(18)                   1.381(3)

            C(13)-C(14)                   1.394(3)

            C(14)-C(15)                   1.385(4)

            C(14)-H(14)                   0.9300

            C(15)-C(16)                   1.357(4)

            C(15)-H(15)                   0.9300

            C(16)-C(17)                   1.364(4)

            C(16)-H(16)                   0.9300

            C(17)-C(18)                   1.384(4)

            C(17)-H(17)                   0.9300

            C(18)-H(18)                   0.9300

            C(19)-C(20)                   1.511(3)

            C(19)-C(21)                   1.524(3)

            C(19)-H(19)                   0.9800

            C(20)-H(20A)                  0.9600

            C(20)-H(20B)                  0.9600

            C(20)-H(20C)                  0.9600

            C(21)-H(21A)                  0.9600

            C(21)-H(21B)                  0.9600

            C(21)-H(21C)                  0.9600

            C(22)-H(22A)                  0.9600

            C(22)-H(22B)                  0.9600

            C(22)-H(22C)                  0.9600

            C(23)-H(23A)                  0.9600

            C(23)-H(23B)                  0.9600

            C(23)-H(23C)                  0.9600 

            O(1)-P(2)-N(5)              166.09(9)

            O(1)-P(2)-C(8)               91.85(8)

            N(5)-P(2)-C(8)               85.21(8)

            O(1)-P(2)-C(13)              97.34(9)

            N(5)-P(2)-C(13)              96.33(10)

            C(8)-P(2)-C(13)             112.76(10)

            O(1)-P(2)-C(3)               77.25(9)

            N(5)-P(2)-C(3)               94.63(9)

            C(8)-P(2)-C(3)              131.98(10)

            C(13)-P(2)-C(3)             114.96(10)

            C(4)-O(1)-P(2)               96.86(12)

            C(6)-N(5)-P(2)              118.53(15)

            C(6)-N(5)-H(5)              120.7

            P(2)-N(5)-H(5)              120.7

            C(22)-C(3)-C(23)            110.7(2)

            C(22)-C(3)-C(4)             113.51(18)

            C(23)-C(3)-C(4)             117.0(2)

            C(22)-C(3)-P(2)             114.70(17)

            C(23)-C(3)-P(2)             111.69(16)

            C(4)-C(3)-P(2)               87.60(13)

            O(1)-C(4)-C(19)             113.04(18)

            O(1)-C(4)-C(3)               97.44(15)

            C(19)-C(4)-C(3)             119.87(19)

            O(1)-C(4)-H(4)              108.6

            C(19)-C(4)-H(4)             108.6

            C(3)-C(4)-H(4)              108.6

            O(24)-C(6)-N(5)             126.8(2)

            O(24)-C(6)-C(7)             124.35(19)

            N(5)-C(6)-C(7)              108.88(18)

            C(8)-C(7)-C(12)             121.4(2)

            C(8)-C(7)-C(6)              113.26(18)

            C(12)-C(7)-C(6)             125.4(2)

            C(7)-C(8)-C(9)              119.9(2)

            C(7)-C(8)-P(2)              113.89(16)

            C(9)-C(8)-P(2)              126.21(17)

                     ___________________________________________________________________

           Table S3.  Bond lengths [Å] and angles [º] for 5a-trans, continuation

           ________________________________________________________________

            C(8)-C(9)-C(10)             118.6(2)

            C(8)-C(9)-H(9)              120.7

            C(10)-C(9)-H(9)             120.7

            C(11)-C(10)-C(9)            120.6(2)

            C(11)-C(10)-H(10)           119.7

            C(9)-C(10)-H(10)            119.7

            C(12)-C(11)-C(10)           120.8(2)

            C(12)-C(11)-H(11)           119.6

            C(10)-C(11)-H(11)           119.6

            C(11)-C(12)-C(7)            118.6(2)

            C(11)-C(12)-H(12)           120.7

            C(7)-C(12)-H(12)            120.7

            C(18)-C(13)-C(14)           117.3(2)

            C(18)-C(13)-P(2)            119.67(19)

            C(14)-C(13)-P(2)            122.99(18)

            C(15)-C(14)-C(13)           120.7(2)

            C(15)-C(14)-H(14)           119.7

            C(13)-C(14)-H(14)           119.7

            C(16)-C(15)-C(14)           120.8(3)

            C(16)-C(15)-H(15)           119.6

            C(14)-C(15)-H(15)           119.6

            C(15)-C(16)-C(17)           119.6(3)

            C(15)-C(16)-H(16)           120.2

            C(17)-C(16)-H(16)           120.2

            C(16)-C(17)-C(18)           120.4(3)

            C(16)-C(17)-H(17)           119.8

            C(18)-C(17)-H(17)           119.8

            C(13)-C(18)-C(17)           121.3(3)

            C(13)-C(18)-H(18)           119.4

            C(17)-C(18)-H(18)           119.4

            C(20)-C(19)-C(4)            111.7(2)

            C(20)-C(19)-C(21)           109.8(2)

            C(4)-C(19)-C(21)            110.3(2)

            C(20)-C(19)-H(19)           108.3

            C(4)-C(19)-H(19)            108.3

            C(21)-C(19)-H(19)           108.3

            C(19)-C(20)-H(20A)          109.5

            C(19)-C(20)-H(20B)          109.5

            H(20A)-C(20)-H(20B)         109.5

            C(19)-C(20)-H(20C)          109.5

            H(20A)-C(20)-H(20C)         109.5

            H(20B)-C(20)-H(20C)         109.5

            C(19)-C(21)-H(21A)          109.5

            C(19)-C(21)-H(21B)          109.5

            H(21A)-C(21)-H(21B)         109.5

            C(19)-C(21)-H(21C)          109.5

            H(21A)-C(21)-H(21C)         109.5

            H(21B)-C(21)-H(21C)         109.5

            C(3)-C(22)-H(22A)           109.5

            C(3)-C(22)-H(22B)           109.5

            H(22A)-C(22)-H(22B)         109.5

            C(3)-C(22)-H(22C)           109.5

            H(22A)-C(22)-H(22C)         109.5

            H(22B)-C(22)-H(22C)         109.5

            C(3)-C(23)-H(23A)           109.5

            C(3)-C(23)-H(23B)           109.5

            H(23A)-C(23)-H(23B)         109.5

            C(3)-C(23)-H(23C)           109.5

            H(23A)-C(23)-H(23C)         109.5

            H(23B)-C(23)-H(23C)         109.5

           _____________________________________________________________

    Table S4.  Anisotropic displacement parameters (Å^2 x 10^3) for 5a-trans.

    The anisotropic displacement factor exponent takes the form:

    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ] 

    _______________________________________________________________________

              U11        U22        U33        U23        U13        U12

    _______________________________________________________________________

    P(2)     40(1)      44(1)      42(1)       5(1)      13(1)       3(1)

    O(1)     47(1)      51(1)      54(1)      16(1)      18(1)       7(1)

    O(24)    38(1)      74(1)      55(1)       8(1)      10(1)       4(1)

    N(5)     46(1)      61(1)      41(1)       5(1)      16(1)       6(1)

    C(3)     50(1)      50(1)      44(1)       7(1)      17(1)       2(1)

    C(4)     51(1)      43(1)      43(1)       2(1)      13(1)       1(1)

    C(6)     43(1)      44(1)      49(1)       6(1)      14(1)      -1(1)

    C(7)     45(1)      36(1)      44(1)       2(1)      13(1)      -2(1)

    C(8)     41(1)      35(1)      46(1)       3(1)      16(1)       2(1)

    C(9)     46(1)      52(2)      52(1)       0(1)      19(1)       1(1)

    C(10)    64(2)      57(2)      55(1)      -3(1)      31(1)      -2(1)

    C(11)    72(2)      50(2)      44(1)      -2(1)      21(1)      -3(1)

    C(12)    53(1)      47(1)      45(1)       1(1)      10(1)      -2(1)

    C(13)    51(1)      45(1)      41(1)       5(1)      12(1)       5(1)

    C(14)    60(2)      51(2)      57(1)       0(1)      20(1)       6(1)

    C(15)    90(2)      53(2)      67(2)      -4(1)      28(2)       7(2)

    C(16)    98(2)      55(2)      70(2)     -10(1)       8(2)      -5(2)

    C(17)    63(2)      76(2)     124(3)     -19(2)      -2(2)     -10(2)

    C(18)    54(2)      61(2)     107(2)     -14(2)       7(2)       2(1)

    C(19)    59(1)      45(1)      49(1)      -1(1)      14(1)       3(1)

    C(20)    69(2)      49(2)      84(2)       4(1)      26(1)      12(1)

    C(21)    87(2)      49(2)      71(2)      14(1)      23(1)       5(1)

    C(22)    83(2)      79(2)      54(2)      18(1)      35(1)      23(2)

    C(23)    58(2)      63(2)      82(2)      14(1)      18(1)     -11(1)

    _______________________________________________________________________

         Table S5.  Hydrogen coordinates ( x 10^4) and isotropic

         displacement parameters (Å^2 x 10^3) for 5a-trans. 

         ________________________________________________________________

                         x             y             z           U(eq)

         ________________________________________________________________

          H(5)         3908           263          2126          59

          H(4)          860          1603           840          55

          H(9)          960          1056          3164          59

          H(10)        1368          1056          4484          67

          H(11)        3041           830          5246          66

          H(12)        4329           543          4717          60

          H(14)        3081          -927          1792          67

          H(15)        2361         -2210          1229          83

          H(16)         609         -2392           811          95

          H(17)        -448         -1284           939         114

          H(18)         248             9          1490          94

          H(19)        1451          2998          1880          62

          H(20A)       -263          3463          1439         101

          H(20B)       -199          2548          1821         101

          H(20C)       -570          2629           934         101

          H(21A)       1856          3234           756         104

          H(21B)       1011          3895           814         104

          H(21C)        695          3088           276         104

          H(22A)       2097           793           522         103

          H(22B)       3286           939           904         103

          H(22C)       2601          1678           415         103

          H(23A)       3102          2457          2307         103

          H(23B)       3225          2710          1522         103

          H(23C)       3910          1971          2012         103

         ________________________________________________________________

         Table 6.  Torsion angles [º] for 5a-trans.

         ________________________________________________________________

          N(5)-P(2)-O(1)-C(4)                                  62.0(4)

          C(8)-P(2)-O(1)-C(4)                                 139.41(13)

          C(13)-P(2)-O(1)-C(4)                               -107.37(13)

          C(3)-P(2)-O(1)-C(4)                                   6.66(13)

          O(1)-P(2)-N(5)-C(6)                                  73.6(4)

          C(8)-P(2)-N(5)-C(6)                                  -4.66(17)

          C(13)-P(2)-N(5)-C(6)                               -117.07(18)

          C(3)-P(2)-N(5)-C(6)                                 127.15(18)

          O(1)-P(2)-C(3)-C(22)                               -120.97(18)

          N(5)-P(2)-C(3)-C(22)                                 70.47(18)

          C(8)-P(2)-C(3)-C(22)                                158.19(16)

          C(13)-P(2)-C(3)-C(22)                               -28.7(2)

          O(1)-P(2)-C(3)-C(23)                                112.10(19)

          N(5)-P(2)-C(3)-C(23)                                -56.47(19)

          C(8)-P(2)-C(3)-C(23)                                 31.3(2)

          C(13)-P(2)-C(3)-C(23)                              -155.66(17)

          O(1)-P(2)-C(3)-C(4)                                  -6.13(12)

          N(5)-P(2)-C(3)-C(4)                                -174.69(13)

          C(8)-P(2)-C(3)-C(4)                                 -86.97(16)

          C(13)-P(2)-C(3)-C(4)                                 86.12(14)

          P(2)-O(1)-C(4)-C(19)                               -134.85(16)

          P(2)-O(1)-C(4)-C(3)                                  -7.89(15)

          C(22)-C(3)-C(4)-O(1)                                123.2(2)

          C(23)-C(3)-C(4)-O(1)                               -105.9(2)

          P(2)-C(3)-C(4)-O(1)                                   7.26(14)

          C(22)-C(3)-C(4)-C(19)                              -114.8(2)

          C(23)-C(3)-C(4)-C(19)                                16.1(3)

          P(2)-C(3)-C(4)-C(19)                                129.28(18)

          P(2)-N(5)-C(6)-O(24)                               -175.83(19)

          P(2)-N(5)-C(6)-C(7)                                   4.3(2)

          O(24)-C(6)-C(7)-C(8)                                178.9(2)

          N(5)-C(6)-C(7)-C(8)                                  -1.3(3)

          O(24)-C(6)-C(7)-C(12)                                -1.6(4)

          N(5)-C(6)-C(7)-C(12)                                178.3(2)

          C(12)-C(7)-C(8)-C(9)                                 -2.1(3)

          C(6)-C(7)-C(8)-C(9)                                 177.49(19)

          C(12)-C(7)-C(8)-P(2)                                178.29(17)

          C(6)-C(7)-C(8)-P(2)                                  -2.1(2)

          O(1)-P(2)-C(8)-C(7)                                -162.81(16)

          N(5)-P(2)-C(8)-C(7)                                   3.58(16)

          C(13)-P(2)-C(8)-C(7)                                 98.44(17)

          C(3)-P(2)-C(8)-C(7)                                 -88.35(19)

          O(1)-P(2)-C(8)-C(9)                                  17.6(2)

          N(5)-P(2)-C(8)-C(9)                                -176.0(2)

          C(13)-P(2)-C(8)-C(9)                                -81.2(2)

          C(3)-P(2)-C(8)-C(9)                                  92.0(2)

          C(7)-C(8)-C(9)-C(10)                                  0.4(3)

          P(2)-C(8)-C(9)-C(10)                                179.93(17)

          C(8)-C(9)-C(10)-C(11)                                 1.4(4)

          C(9)-C(10)-C(11)-C(12)                               -1.5(4)

          C(10)-C(11)-C(12)-C(7)                               -0.2(4)

          C(8)-C(7)-C(12)-C(11)                                 2.0(3)

          C(6)-C(7)-C(12)-C(11)                              -177.5(2)

          O(1)-P(2)-C(13)-C(18)                                -9.1(2)

          N(5)-P(2)-C(13)-C(18)                               173.5(2)

          C(8)-P(2)-C(13)-C(18)                                86.0(2)

          C(3)-P(2)-C(13)-C(18)                               -88.4(2)

          O(1)-P(2)-C(13)-C(14)                               170.06(19)

          N(5)-P(2)-C(13)-C(14)                                -7.4(2)

          C(8)-P(2)-C(13)-C(14)                               -94.8(2)

          C(3)-P(2)-C(13)-C(14)                                90.7(2)

          C(18)-C(13)-C(14)-C(15)                              -0.4(4)

          P(2)-C(13)-C(14)-C(15)                             -179.57(19)

          C(13)-C(14)-C(15)-C(16)                              -0.1(4)

         Table 6.  Torsion angles [º] for 5a-trans, continuation

         ________________________________________________________________

          C(14)-C(15)-C(16)-C(17)                               0.4(4)

          C(15)-C(16)-C(17)-C(18)                              -0.1(5)

          C(14)-C(13)-C(18)-C(17)                               0.7(4)

          P(2)-C(13)-C(18)-C(17)                              179.9(3)

          C(16)-C(17)-C(18)-C(13)                              -0.4(6)

          O(1)-C(4)-C(19)-C(20)                               -55.2(3)

          C(3)-C(4)-C(19)-C(20)                              -169.2(2)

          O(1)-C(4)-C(19)-C(21)                              -177.70(19)

          C(3)-C(4)-C(19)-C(21)                                68.3(3)

         ________________________________________________________________

General procedure for the determination of the constant reaction.
The kinetic of the decomposition reaction was monitored by 31P NMR. Samples were prepared by dissolving 1.3x 10-4 mol of the appropriate spirocyclic 1,2-oxaphosphetane 5 in 0.5 mL of toluene-d8 and heated to 90-115 ºC. Inverse-gated NMR spectra (pulse width of 15º, relaxation delay of 10 s) were acquired at specific time intervals (see tables below). Integration of the spectra afforded the relative concentration of 5/7.
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First order kinetic: ln[A]t = ln[A]0 -kt

ln[A]t vs time:

y = ax+b

· r = -0.9967

· a = -k = -0.00076 min-1 → k = 1.27x 10-5 s-1
· b = ln[A]0 = 4.68
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First order kinetic: ln[A]t = ln[A]0 -kt

ln[A]t vs time:

y = ax+b

· r = -0.9968

· a = -k = -0.0468 min-1 → k = 7.8x 10-4 s-1
· b = ln[A]0 = 4.76
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First order kinetic: ln[A]t = ln[A]0 -kt

ln[A]t vs time:

y = ax+b

· r = -0.9986

· a = -k = -0.00108 min-1 → k = 1.8x 10-5 s-1
· b = ln[A]0 = 4.69
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First order kinetic: ln[A]t = ln[A]0 -kt

ln[A]t vs time:

y = ax+b

· r = -0.9969

· a = -k = -0.00253 min-1 → k = 4.22x 10-5 s-1
· b = ln[A]0 = 4.70
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