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Experimental section

Addition of isocyanates:

Method A: To a cooled (-30ºC) 0.2M solution of the triquinphosphoranes 1a-e in toluene and under nitrogen atmosphere was slowly added 1 eq. of 1M solution of the isocyanate in toluene. The mixture was stirred 2 hours at this temperature. 31P NMR monitoring showed the presence of a single diastereomer at the end of the reaction. Filtration under nitrogen and drying in vacuum gave a white, quite air-stable, solid, no phosphorus compound was recovered in the filtrate.

Method B: In case of poor stability of the adduct, it was directly synthesize in the NMR solvent as follows: 0.1 mmol of triquinphosphorane was dissolved in 800 L of CDCl3, then 1 eq. of isocyanate dissolved in 200 l of CDCl3 was added at room temperature. After 0.25 h the solution was analyzed by NMR methods, only one diastereomer was detected. 

8-N-phenylcarbamoyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 6a: (Method A) Y: 87%; 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.34-6.96 (m, 5H, ArH), 6.52 (br, 1H, NH), 4.40-4.31 (m, 2H, CH2O), 4.10-3.96 (m, 2H, CH2O), 3.79-3.70 (m, 2H, CH2N), 3.42-3.30 (m, 2H, CH2N), 3.17-2.81 (m, 4H, CH2N); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 155.3 (CO), 138.7, 128.8, 123.4, 120.6 (Ar), 67.7 (d, 2J(P,C) = 10.2 Hz, CH2O), 63.2 (d, 2J(P,C) = 8.91 Hz, CH2O), 53.0 (CH2N), 49.3 (d, 3J(P,C) = 3.57 Hz, CH2N), 46.4 (d, 2J(P,C) = 4.63 Hz, CH2N), 45.8 (d, 2J(P,C) = 13.1 Hz, CH2N); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 130.0.

8-N-phenylcarbamoyl-(4S,9S)-4,9-diethyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 6b: (Method A) Y: 70%; d.e. 100%, 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.36-7.19 (m, 5H, ArH), 6.54 (br, 1H, NH), 4.48-4.40 (m, 2H, CH2O), 4.02-3.96 (m, 2H, CH2O), 3.93-3.77 (m, 2H, CHN), 3.14-2.74 (m, 4H, CH2N), 1.63-1.28 (m, 4H, CH2), 0.95 (t, 3H, 3J(H,H) = 7.44 Hz, CH3), 0.80 (t, 3H, 3J(H,H) = 7.43 Hz, CH3); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 157.4 (CO), 139.7, 129.4, 123.5, 120.7 (Ar), 72.8 (d, 2J(P,C) = 10.4 Hz, CH2O), 65.5 (d, 2J(P,C) = 5.94 Hz, CH2O), 59.3 (CHN), 58.5 (d, 2J(P,C) = 6.64 Hz, CHN), 40.9 (d, 2J(P,C) = 14.6 Hz, CH2N), 40.2 (CH2N), 25.7 (CH2), 22.6 (CH2), 11.4 (CH3), 9.1 (CH3); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 123.1.

8-N-phenylcarbamoyl]-(4S,9S)-4,9-diisopropyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 6c: (Method B) Y: 100%; d.e. 100%, 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.40-7.20 (m, 5H, ArH), 5.08-5.01 (m, 1H, CH2O), 4.80-4.75 (m, 1H, CH2O), 4.36-4.27 (m, 1H, CH2O), 4.13-3.98 (m, 3H, CHN + CH2O), 3.68-3.42 (m, 5H, CHN + CH2N), 2.03-1.94 (m, 1H, CH), 1.65-1.62 (m, 1H, CH), 1.00-0.76 (m, 12H, CH3); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 159.2 (CO), 129.0, 128.8, 128.2, 122.9, 122.5, 120.2 (Ar), 68.5 (d, 2J(P,C) = 11.6 Hz, CH2O), 67.9 (d, 2J(P,C) = 8.72 Hz, CH2O), 63.8 (d, 3J(P,C) = 7.27 Hz, CHN), 62.1 (d, 2J(P,C) = 5.82 Hz, CHN), 40.4 (CH2N), 39.8 (d, 2J(P,C) = 14.5 Hz, CH2N), 28.9 (CH), 27.2 (CH), 20.6 (CH3), 20.1 (CH3), 18.7 (CH3), 14.3 (CH3); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 123.8.

8-N-phenylcarbamoyl-(4S,9S)-4,9-diphenyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 6d: (Method B) Y: 100%; d.e. 100%, 31P NMR(100MHz, CDCl3, 25ºC, H3PO4): ( = 126.4. This product was too unstable for further analysis.

8-N-phenylcarbamoyl-(4S,9S)-4,9-dibenzyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 6e: (Method B) Y: 100%; d.e. 100%, 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.52 (d, 3J(H,H) = 8.55 Hz, NH), 7.32-6.92 (m, 15H, ArH), 4.29-4.07 (m, 2H, CH2O), 3.89-3.62 (m, 4H, CH2O), 3.41-2.35 (m, 6H, CH2 + CH2N); 13C NMR(200MHz, CDCl3, 25ºC, TMS): ( = 160.2 (CO), 137.4, 136.1, 136.0, 127.2, 126.8, 126.5, 125.7, 124.7, 123.0, 122.6, 120.3, 119.9 (Ar), 71.7 (d, 2J(P,C) = 10.2 Hz, CH2O), 64.7 (d, 2J(P,C) = 9.73 Hz, CH2O), 65.4 (CHN), 59.5 (d, 2J(P,C) = 7.20 Hz, CHN), 41.4 (d, 3J(P,C) = 4.36 Hz, CH2N), 35.4 (d, 2J(P,C) = 5.81 Hz, CH2N), 29.4 (CH2), 27.2 (CH2); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 122.2.

8-N-[(1R)-1-phenylethylcarbamoyl]-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 7a: (Method B) Y: 100%; d.e. 0%, 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.45-7.20 (m, 5H, ArH), 7.11 (m, 1H, NH), 4.63-4.52 (m, 1H, CH), 4.55-2.70 (m, 12H, CH2O + CHN + CH2N), 1.52-1.46 (m, 3H, CH3); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 155.5 (CO), 144.3, 128.0, 126.5, 125.5 (Ar), 67.7 (d, 2J(P,C) = 9.90 Hz, CH2O), 63.2 (d, 2J(P,C) = 10.2 Hz, CH2O), 52.6 (CH2N), 52.5 (CH2N), 49.8 (d, 2J(P,C) = 3.73 Hz, CH2N), 49.5 (CH), 45.7 (d, 2J(P,C) = 12.3 Hz, CH2N), 22.0 (CH3); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 130.79 and 130.71.

8-N-[(1R)-1-phenylethylcarbamoyl]-(4S,9S)-4,9-diethyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 7b: (Method A) Y: 70(, d.e. 100%, m.p. 123ºC; []20D = -15 (c = 1.4 in toluene); IR (KBr) cm-1 : 3360, 3050, 2900, 1630, 1540; 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.33-7.15 (m, 5H, ArH), 5.09-5.97 (m, 1H, CH), 4.67 (d, 3J(H,H) = 6.22 Hz, 1H, NH), 4.48-4.40 (m, 2H, CH2O), 4.02-3.96 (m, 2H, CH2O), 3.93-3.97 (m, 2H, CHN), 3.14-2.74 (m, 4H, CH2N), 1.63-1.28 (m, 4H, CH2), 0.95 (t, 3J(H,H) = 7.44 Hz, 3H, CH3), 0.80 (t, 3J(H,H) = 7.43 Hz, 3H, CH3); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 158.5 (CO), 144.8, 128.5, 126.9, 126.0 (Ar), 72.3 (d, 2J(P,C) = 10.7 Hz, CH2O), 65.1 (d, 2J(P,C) = 5.69 Hz, CH2O), 58.1 (CHN), 57.9 (d, 2J(P,C) = 6.24 Hz, CHN), 50.1 (CH), 40.6 (d, 2J(P,C) = 14.6 Hz, CH2N), 39.6 (CH2N), 24.6 (CH2), 22.6 (CH3), 21.8 (CH2), 10.9 (CH3), 8.6 (CH3); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 123.9.

8-N-[(1R)-1-phenylethylcarbamoyl]-(4S,9S)-4,9-diisopropyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo-[6.3.01,5]-undecane 7c: (Method A) Y: 20%; d.e. 100%, 1H NMR (200MHz, CDCl3, 25ºC, TMS): ( = 7.38-7.22 (m, 5H, ArH), 5.08-5.01 (m, 1H, CH2O), 4.78 (d, 1H, 3J(H,H) = 7.17 Hz, CH2O), 4.36-4.28 (m, 1H, CHN), 4.13-3.99 (m, 2H, CH2O), 3.68-3.42 (m, 5H, CHN + CH2N), 3.11-2.74 (m, 2H, CH + NH), 2.03-1.94 (m, 1H, CH), 1.65-1.62 (m, 1H, CH), 1.51 (d, 3J(H,H) = 6.84 Hz, 3H, CH3), 1.00 (d, 3J(H,H) = 6.11 Hz, 3H, CH3), .075 (d, 3J(H,H) = 6.80 Hz, 3H, CH3); 13C NMR (200MHz, CDCl3, 25ºC, TMS): ( = 158.4 (CO), 144.6, 128.5, 126.8, 125.9 (Ar), 68.4 (d, 2J(P,C) = 10.3 Hz, CH2O), 63.7 (d, 2J(P,C) = 6.24 Hz, CH2O), 62.9 (CHN), 61.8 (d, 2J(P,C) = 6.24 Hz, CHN), 50.2 (CH), 40.3 (d, 2J(P,C) = 13.0 Hz, CH2N), 40.1 (CH2N), 28.8 (CH), 27.2 (CH), 22.8, 20.5, 20.1, 18.4 and 14.3 (CH3); 31P NMR (100MHz, CDCl3, 25ºC, H3PO4): ( = 123.0.

8-N-[(1R)-1-phenylethylcarbamoyl]-(4S,9S)-4,9-diphenyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo[6.3.01,5]undecane 7d: (Method B) Y: 100%; d.e. 100%, 31P NMR(100MHz, CDCl3, 25ºC, H3PO4): ( = 126.0. This product was too unstable for further analysis.

8-N-[(1R)-1-phenylethylcarbamoyl]-(4S,9S)-4,9-dibenzyl-5,8-diaza-2,11-dioxa-13-phosphabicyclo[6.3.01,5]undecane 7e: Y: 64%; m.p. 170ºC; []20D = -80.8 (c = 0.9 in acetone); elemental analysis calctd for C29H34N3O3P (found) : C 69.17 (69.33), H 6.81 (6.72), N 8.34 (8.30), P 6.15 (6.39); IR (KBr) cm-1 : 3387, 3067-2887, 1640, 1519, 764, 754, 700 ; 1H NMR(200MHz, CDCl3, 25ºC, TMS): ( = 7.31-6.96 (m, 15H, ArH), 4.84-4.73 (m, 1H, CH), 4.34-4.22 (m, 2H, CH2O), 4.10-4.00 (m, 2H, CH2O), 3.87-3.56 (m, 6H, CHN + CH2N), 3.16-3.13 (m, 1H, NH), 2.99-2.87 (m, 2H, CH2), 2.59-2.44 (m, 2H, CH2), 1.35 (d, 3J(H,H) = 6.85 Hz, 3H, CH3); 13C NMR(200MHz, CDCl3, 25ºC, TMS): ( = 157.9 (CO), 144.5, 137.4, 137.3, 129.3, 128.8, 128.7, 128.6, 128.4, 126.9, 126.7, 126.6, 125.9 (Ar), 71.6 (d, 2J(P,C) = 10.2 Hz, CH2O), 64.9 (d, 2J(P,C) = 6.79 Hz, CH2O), 59.3 (d, 2J(P,C) = 5.84 Hz, CHN), 58.7 (CHN), 50.1 (CH), 41.6 (d, 2J(P,C) = 14.4 Hz, CH2N), 41.1 (CH2N), 39.2 (CH2), 35.8 (CH2), 22.6 (CH3); 31P NMR(100MHz, CDCl3, 25ºC, H3PO4): ( = 123.0.

Borane adduct 8 : In a schlenck tube under nitrogen atmosphere is diluted 5 10-4 mol (252 mg) of 7e and 1 eq. (50 l) of BH3.SMe2 10M solution in 10 mL of anhydrous toluene. The mixture was stirred 2 hours at room temperature. Evaporation of the solvent led to a white solid which recrystallized in acetyl acetate. m.p. 204ºC; []20D = -32.0 (c = 0.415 in acetone); elemental analysis calctd for C29H37BN3O3P (found): C 67.32 (67.25), H 7.21 (7.36), B 2.09 (1.98), N 8.12 (7.83), P 5.99 (5.94); IR (KBr) cm-1 : 3500-3390, 2020, 1930, 1910, 1890, 1620 ; 1H NMR (200MHz, DMSO-d6, 25ºC, TMS): ( = 7.49-7.15 (m, 15H, ArH), 6.37 (d, 1H, 3J(H,H) = 6.59 Hz, NH), 4.85 (br, 1H, CHN), 4.49-4.12 (m, 2H, CHN), 4.10-3.85 ( m, 4H, CH2O), 3.68-3.04 (m, 6H, CH2N + CH2), 2.71-2.50 (m, 2H, CH2), 1.35 (d, 3H, 3J(H,H) = 6.86 Hz, CH3) ; 13C NMR (200MHz, DMSO-d6, 25ºC, TMS): ( = 156.8.2 (CO), 145.9, 137.9, 137.0, 129.6, 129.1, 128.5, 128.2, 127.9, 126.6, 126.5, 126.2, 125.9, 125.8 (Ar), 70.5 (CH2O), 65.3 (CH2O), 58.7 (CHN), 54.7 (CHN), 49.0 (CH), 40.8 (CH2N), 38.7 (CH2N), 38.0 (CH2), 33.8 (CH2), 22.8 (CH3); 31P NMR (100MHz, DMSO-d6, 25ºC, H3PO4): ( = 120.3.
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