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                                                                                                               (A). General information

  1H NMR spectra were recorded on commercial instruments (300 MHz). Chemical shifts are recorded in ppm relative to tetramethylsilane and with the solvent resonance as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, br = broad), coupling constants (Hz), integration. 13C NMR data were collected on commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance as internal standard. 19F NMR spectra were recorded at 282 MHz with CFCl3 as the external standard. IR spectra were recorded in cm-1. Melting points were uncorrected Enantiomer excesses were determined by chiral HPLC analysis on Daicel Chiralcel OJ/OD/IA in comparison with the authentic racemates. Optical rotations were reported as follows: [α]D 20 (c: g/100 mL, in solvent, λ= 589 nm). HRMS was recorded on a commercial apparatus (ESI Source). All the solvents were used without purification unless notified.
(B). General procedure for preparation of the catalysts
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Scheme 1.   The systhesis of thiourea catalyst
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(a) Typical procedure for synthesis of 8a-8e
To a stirred solution of 7c (1.39 g, 5.2 mmol) in THF (30 mL) was added piperidine (323 mg, 3.8 mmol), the solution was cooled to 0 oC and 1.05 mL (7.6 mmol) Et3N, BOP reagent (2.09 g, 4.7 mmol) was added in portions. The reaction was carried in this temperature for two hours and then stirred overnight at room temperature. After 24 hours, 30 mL H2O was added to quench the reaction and the solvent was distilled in reduced pressure.. And the aqueous layer was extracted with ethyl acetate for three times. After evaporation of the solvent under reduced pressure, 1.1 g crude product was obtained without futher purification. 30 mL CH3OH was added and 3.8 mL AcCl was dropped to the systme over 10 min at 0 oC. After disapperance of the reactant (monitored by TLC), the reaction was quenched with H2O, methanol was wiped off by evaporated at reduced presure before 20 mL ethyl acetate was added. The PH value of the solution was adjusted to 8-9 by addtion of ammonia at oC and then the aqueous layer was extracted with ethyl acetate and dried with Na2SO4. The crude product was purified by column chromatography on gel silica to afford 8c1 as a light yellow oil.
(S)-2-Amino-3-phenyl-1-(piperidin-1-yl)propan-1-one (8c)1
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76 % yield; [α]D22 = 49.8 (c 0.60, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.33-7.19 (m, 5H), 4.01-3.95 (m, 3H), 3.60-3.50 (m, 2H), 3.29-3.25 (m, 2H), 3.15-3.12 (m, 2H), 2.97-2.74 (m, 2H), 2.00 (s, 2H), 1.54-1.44 (m, 5H), 1.11-1.10 (m, 1H).
(S)-2-Amino-N,N-diisopropyl-3-phenylpropanamide (8a)2
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25 % yield; yellow oil; [α]D22 = 23.5 (c 0.20, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.25-7.13 (m, 5H), 3.86-3.76 (m, 2H), 2.40 (brs, 1H), 2.92-2.63  (m, 2H), 1.32-1.26 (m., 6H), 1.07 (d, J = 6.9 Hz, 3H), 0.83 (d, J = 6.3 Hz, 3H).
(S)-2-Amino-N,N-dibenzyl-3-phenylpropanamide (8b)3
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98 % yield; light yellow solid; [α]D25 = 11.1 (c 0.40, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.34-7.04 (m, 15H), 4.96-4.92 (m, 1H), 4.20-4.15 (m, 2H), 4.13-4.09 (m, 1H), 3.72 (s, 1H), 3.11-2.79 (m, 2H).
(S)-2-Amino-1-(4-benzylpiperidin-1-yl)-3-phenylpropan-1-one (8d)4
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 94 % yiled; light yellow solid; [α]D24 = 33.8 (c 0.35, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.32-7.06 (m, 10H), 4.64-4.61 (m, 1H), 4.00-3.91 (m, 1H), 3.72-3.68 (m, 1H), 2.98-2.33 (m, 6H), 1.70-1.53 (m, 3H), 1.38-1.34  (m, 2H).
(S)-2-Amino-1-(4-(benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylpropan-1-one (8e) 5
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65 % yield; yellow oil; [α]D22 = 23.1 (c 0.20, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.31-7.16 (m, 5H), 6.80-6.67 (m, 3H), 5.94 (s, 2H), 3.95-3.90 (m, 1H), 3.72-3.56 (m, 3H), 3.56-3.54 (m, 2H), 3.32-3.29 (m, 1H), 3.12-2.82 (m, 2H), 2.38-2.25 (m, 3H), 1.65-1.63 (m, 1H).
(b) Typical procedure for synthesis of 9a-9e
Lithium aluminum hydride (900 mg, 22 mmol) was dissolved in 20 mL dry dichloromethane in a three necks glass under an atmosphere of argon and then 8a (1.0 g, 3.7 mmol) dissolved in 15 mL dry dichloromethane was added slowly at 0 oC. After the addtion was complete, the system was allowed to warm to room temperature gradually and then reacted at reflux temperature. After disapperance of the reactant (monitored by TLC), the reaction was quenched with Na2SO4, filted on a celite and the aqueous layer was extracted with dichloromethane. The organic layer was dried with Na2SO4, concentrated in vaccum and purified by column chromatography on silica gel to afford 9a as a yellow oil.
(S)-N,N-diisopropyl-3-phenylpropane-1,2-diamine (9a)2
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91 % yield; yellow oil; [α]D24 = 15.2 (c 0.6, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.74-7.65 (m, 5H), 3.48-3.42 (m, 3H), 3.31-2.62 (m, 4H), 1.47-1.40 (m, 12H);
(S)-N1,N1-dibenzyl-3-phenylpropane-1,2-diamine (9b)3
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65 % yield; yellow oil; [α]D24 = 2.9 (c 1.0, toluene); 1H NMR (300 MHz, CDCl3) δ 7.32-7.10 (m, 15H), 3,73-3,44 (m, 4H), 3.20-3.13 (m, 1H), 2.73 (dd, J = 13.5 Hz, J = 4,8 Hz, 1H), 2.43-2.34 (m, 3H), 1.78 (brs, 2H).
(S)-1-Phenyl-3-(piperidin-1-yl)propan-2-amine (9c)
72 % yield; yellow oil; [α]D23 = 19.7 (c 0.50, CHCl3); IR: 3063, 2930, 2800, 1495, 1454, 1027, 739, 699 cm-1 ; 1H NMR (300 MHz, CDCl3) δ 7.32-7.20 (m, 5H), 3.20-3.16 (m, 1H), 2.74-2.68 (m,  1H), 2.51-2.44 (m, 3H), 2.29-2.22 (m, 2H), 1.56-1.39 (m, 8H); 13C NMR (100 MHz, CDCl3) δ 139.5, 129.5, 128.3, 126.1, 65.8, 55.1, 49.4, 42.4, 26.2, 24.5; MS (EI) (m/z): 218 (M+), 98 (base); HRMS (EI-HR) calcd for C14H22N2 = 218.1783, Found 218.1781.
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(S)-1-(4-Benzylpiperidin-1-yl)-3-phenylpropan-2-amine (9d)
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36 % yield; yellow oil; [α]D26 = 14.8 (c 0.40, CHCl3); IR: 2960, 2932, 2874, 1638, 1445, 747, 701 cm-1 ; 1H NMR (300 MHz, CDCl3) δ 7.32-7.12 (m, 10H), 3.20-3.16 (m, 1H), 2.92-2.68 (m, 3H), 2.52-2.43 (m, 3H), 2.24-2.22 (m, 3H), 2.07-2.00 (m, 1H), 1.80-1.30 (m, 6H) ppm; 13C NMR (100 MHz, CDCl3) δ 140.8, 139.4, 129.3, 129.1, 128.4, 128.2, 126.2, 125.8, 65.3, 55.7, 53.1, 49.5, 43.3, 42.3, 38.0, 32.5, 32.4 ppm; MS (ESI) : 309.2 (M+1); HRMS (MALDI-HR) calcd for C21H28N2 = 308.2252, Found 309.2325.
(S)-1-(4-(Benzo[d][1,3]dioxol-5-yl)piperazin-1-yl)-3-phenylpropan-2-amine (9e)
65 % yield; [α]D23 = 13.2 (c 0.20, CHCl3); IR: 3367, 2939, 2815, 1502, 1490, 1442, 1247, 1040, 935, 703 cm-1;1H NMR (300 MHz, CDCl3) δ 7.32-7.20 (m, 5H), 6.85 (S, 1H), 6.74 (s, 2H), 5.94 (s, 2H), 3.46 (s, 1H), 3.41 (s, 2H), 3.20-3.16 (s, 1H), 2.76-2.28 (m, 10H), 1.92-1.89 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 147.6, 146.5, 139.0, 132.0, 129.3, 128.4, 126.3, 122.2, 109.5, 107.8, 100.8, 64.6, 62.7, 53.0, 49.3, 41.8; MS (ESI) : 354.1 (M+1); HRMS (ESI-HR) calcd for C21H27N3O2 ([M+H+]) = 353.2103, Found 354.2176.
[image: image118.wmf]P

h

N

H

2

O

N


(c) Typical procedure for synthesis of the catalysts 2g-2k
  In a round 50 mL glassware was added 1-isothiocyanato-3,5-bis(trifluoromethyl)benzene (136 mg, 0.5 mmol), 12a (126 mg, 0.5 mmol ) which was dissolved in 15 mL dichloromethane. The system was stirred for the proper time until the staring material was consumed completely (monitored by TLC). 10 mL H2O was added to quench the reaction, the aqueous layer was extracted with dichloromethane and dried with Na2SO4, concentrated in vaccum and purified by column chromatography on silica gel to afford 2g as a yellow solid.
(S)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(1-(diisopropylamino)-3-phenylpropan-2-yl)thiourea (2g)
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Yellow solid; mp: 128-129 oC; [α]D26 = -14.4 (c 0.70, CH2Cl2); IR: 2974, 1625, 1474, 1 384, 1280, 1131, 883, 700, 682 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.93 (s, 2H), 7.62 (s, 1H), 7.40-7.23 (m, 5H), 6.37 (brs, 1H), 4.14-4.11 (m, 1H), 3.07-2.99 (m, 3H), 2.76-2.65 (m, 3H), 0.99-0.86 (m, 12H) ppm; 13C NMR (100 MHz, CDCl3) δ 183.1, 141.5, 136.8, 131.7 (q, 2JCF3 = 29.8 Hz), 129.1, 128.7, 127.0, 123.0 ((q, 1JCF3 = 271.7 Hz), 121.7, 117.6, 58.9, 52.3, 50.5, 39.5, 20.4, 18.9; 19F NMR (282.3 MHz, CDCl3) δ – 63.4 (s) ppm; MS (ESI) : 506.4 (M+1); HRMS (ESI-HR) calcd for C24H29F6N3S 
(S)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(1-(dibenzylamino)-3-phenylpropan-2-yl)thiourea (2h)
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Yellow oil; [α]D26 = -32.5 (c 0.60, CH2Cl2); IR: 3030, 1520, 1455, 1383, 1279, 1176, 1108, 699, 682 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.65-7.61 (m, 3H), 7.26-7.09 (m, 15H), 6.04 (brs, 1H), 3.70-3.55 (m, 5H), 2.85-2.67 (m, 4H); 19F NMR (282.3 MHz, CDCl3) δ – 63.3 (s) ppm; 13C NMR (100 MHz, CDCl3) δ 181.6, 138.4, 137.1, 132.6 (m), 129.3, 128.2, 127.6, 127.1, 125.6, 124.2, 121.6, 118.9, 59.1, 56.2, 39.4, 30.4; MS (ESI) : 602.1 (M+1); HRMS (MALDI-HR) calcd for C32H29F6N3S ([M+H+]) = 601.1986, Found 602.2059.
(S)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(1-phenyl-3-(piperidin-1-yl)propan-2-yl)thiourea (2i)
Yellow oil; [α]D27 = -32.9 (c 0.65, CH2Cl2); IR: 3237, 2942, 1609, 1472, 1385, 1278, 1176, 1132, 885, 701, 681 cm-1; 1H NMR (300 MHz, CDCl3) δ 8.01 (s, 1H), 7.64 (s, 1H), 7.32-7.23 (m, 5H), 6.76 (brs, 1H), 4.00 (brs, 1H), 3.01-2.29 (m, 9H), 1.48-1.43 (m, 6H) ppm; 13C NMR (100 MHz, CDCl3) δ 183.0, 141.8, 136.4, 131.6 (q, 2JCF3 = 32.4 Hz), 129.2, 129.0, 127.2, 125.0, 123.2 (q, 1JCF3 = 271.5 Hz), 118.3, 64.8, 55.7, 54.6, 39.7, 25.5, 23.4 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 63.3 (s) ppm; MS (EI) : 489 (M+); HRMS (EI-HR) calcd for C23H25F6N3S = 489.1673, Found, 489.1678.
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(S)-1-(1-(4-Benzylpiperidin-1-yl)-3-phenylpropan-2-yl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea (2j)
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White solid; mp: 57-59 oC; [α]D26 = -8.7 (c 0.50, CH2Cl2); IR: 2927, 1605, 1496, 1384, 1278, 1176, 1133, 700, 681 cm-1; 1H NMR (300 MHz, CDCl3) δ 8.04 (s, 2H), 7.68 (s, 1H), 7.37-7.03 (m, 10H), 6.46 (brs, 1H), 4.02 (brs, 1H), 2.95-2.41 (m, 8H), 2.21-2.15 (m, 1H), 1.69-1.01 (m, 7H) ppm; 13C NMR (100 MHz, CDCl3) δ 183.1, 141.9, 139.9, 136.4, 131.7 (q, 2JCF3 = 31.0 Hz), 129.2, 128.9, 128.3, 127.3, 126.1, 124.9, 123.3 (q, 1JCF3 = 272.2 Hz), 118.3, 64.5, 55.7, 55.1, 53.1, 42.6, 39.7, 37.3, 32.1, 31.7 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 63.1 (s) ppm; MS (ESI) : 580.3 (M+1); HRMS (MALDI-HR) calcd for C30H31F6N3S ([M+H+]) = 579.2143, Found, 580.2216.
(S)-1-(1-(4-(Benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylpropan-2-yl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea (2k)
Light red solid; mp: 62-64 oC; [α]D26 = -8.7 (c 0.50, CH2Cl2); IR: 2819, 1491, 1384, 1279, 1178, 1039, 701, 682; 1H NMR (300 MHz, CDCl3) δ 8.04 (s, 2H), 7.68 (s, 1H), 7.37-7.22 (m, 5H), 6.79-6.49 (m, 3H), 6.48 (brs, 1H), 5.93 (s, 2H), 4.03 (brs, 1H), 3.29 (s, 2H), 3.01 (m, 1H), 2.81-2.38 (m, 12H) ppm; 13C NMR (100 MHz, CDCl3) δ 182.7, 147.7, 146.7, 141.5 (m), 136.5, 131.5, 129.2, 128.9, 127.3, 124.9, 123.1 (q, 1JCF3 = 272.2 Hz), 122.2, 118.4, 109.3, 107.9, 100.9, 64.0, 62.4, 55.3, 53.3, 52.4, 39.2 ppm; 19F NMR (282.3 MHz, CDCl3) δ -63.1 ppm; MS (ESI) : 625.2 (M+1); HRMS (MALDI-HR) calcd for C30H30F6N4O2S ([M+H+]) = 624.1994, Found, 625.2066.
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(C). Experimental details and the analytical and spectral characterization data of reaction products
(a). Typical Procedure for the Reaction using Catalyst 2k in chloroform at -10 oC

3-oxo-3-phenylpropanenitrile 4a (29 mg, 0.20 mmol), 2k (6.2 mg, 0.01 mmol) were dissolved in 2.0 mL of chloroform, the mixture was cooled to -10 oC and stirred for 10 min. Then (E)-1,1,1-trifluoro-4-phenylbut-3-en-2-one 3a (20 mg, 0.01 mmol) was added. The mixture was stirred at this temperature for 5 hours. Then the crude product was purified directely by column chromatography on silica gel (hexanes/EtOAc = 5/1) to afford the product 5a6 as a white solid.

6-Hydroxy-2,4-diphenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5a)6
White solid; 99 % yield, 93 % ee;[image: image124.wmf]P
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 [α]D22 = -14.7 (c 0.90, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.80-7.78 (m, 2H), 7.50-7.33 (m, 8H), 4.07 (s, 1H), 3.98 (dd, 2J = 13.6 Hz, 3J = 6.0 Hz, 1H, CH2), 2.48 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.04 (t, 3H, 3J = 13.2 Hz ) ppm; 19F NMR (282.3 MHz, CDCl3) δ -86.53 (s) ppm; HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.40 mL/min, tmajor = 18.1 min, tminor = 12.9 min.
6-Hydroxy-4-(4-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5b)
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Light yellow oil; 99 % yield, 92 % ee; [α]D27 = -21.5 (c 1.80, EtOH); IR: 3320, 2977, 2214, 1610, 1513, 1457, 1295, 1144, 1046, 958, 840 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.77-7.75 (m, 2H), 7.47-7.39 (m, 3H), 7.23 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 4.58 (s, 1H), 3.90 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 3.81 (s, 3H), 2.41 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.04 (t, J = 13.5 Hz) ppm; 13C NMR (100 MHz, CDCl3) δ 161.5, 159.3, 132.3, 131.6, 131.2, 129.1, 128.5, 128.2, 126.5, 122.2 (q, 1JCF3 = 284.7 Hz), 117.9, 114.7, 95.3 (q, 2JCF3 = 33.4 Hz), 55.4, 35.9, 33.1 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.59 (s) ppm; MS (ESI) : HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 3/1, flow rate 0.4 mL/min, tmajor = 21.1 min, tminor = 31.1 min.
6-Hydroxy-2-phenyl-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5c)6
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                       White solid; 99 % yield, 91 % ee; [α]D25 = -21.1 (c 0.90, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.79-7.77 (m, 2H), 7.48-7.43 (m, 3H), 7.22 (s, 4H), 4.32 (s, 1H), 3.94 (dd, 2J = 12.9 Hz, 3J = 6.3 Hz, 1H, CH2), 2.441 (dd, 2J = 13.8 Hz, 3J = 6.0 Hz, 1H, CH2), 2.36 (t, 3H, 3J = 13.5 Hz) ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.52 (s) ppm; HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 2/1, flow rate 0.45 mL/min, tmajor = 13.6 min, tminor = 11.3 min.
6-Hydroxy-4-(3-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (6d)6
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White solid; 99 % yield, 93 % ee; [α]D27 = -10.6 (c 0.60, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.79-7.77 (m, 2H), 7.49-7.46 (m, 3H), 7.35-7.31 (m, 1H), 6.94-6.86 (m, 3H), 3.98-3.91 (m, 2H), 3.83 (s, 3H), 2.47 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.05 (t, 3J = 13.5 Hz, 1H) ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.51 (s) ppm; HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 3/1, flow rate 0.4 mL/min, tmajor = 24.4 min, tminor = 18.9 min.
6-Hydroxy-4-(2-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5e)
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White solid; mp: 140-142 oC; 98 % yield, 95 % ee; [α]D22 = -6.5 (c 1.00, EtOH); IR: 3279, 2220, 1627, 1496, 1249, 1199, 1132, 957, 754 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.78-7.54 (m, 2H), 7.47-7.29 (m, 5H), 6.96-6.93 (m, 3H), 4.65 (s, 1H), 4.36-4.27 (m, 1H), 3.86 (s, 3H), 2.46-2.37 (m, 1H), 2.15 (m, 1H) ppm; 13C NMR (100 MHz, CDCl3) (one isomer) δ 157.5, 132.3, 131.1, 129.3, 128.4, 128.2, 127.1, 122.1 (q, 1JCF3 = 288.4 Hz), 121.2, 118.4, 111.3, 95.4 (q, 2JCF3 = 34.3 Hz), 90.1, 55.5, 31,8, 29.9 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.44 (s) ppm; MS (ESI) : 393.1 (M+18); HRMS (ESI-HR) calcd for C20H16F3NO3 ([M+Na+]) = 398.1082, Found 398.0975; HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 3/1, flow rate 0.4 mL/min, tmajor = 18.9 min, tminor = 15.9 min.
6-Hydroxy-2-phenyl-4-(thiophen-2-yl)-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5f) 6
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Colorless oil; 99 % yield, 88 % ee; [α]D27 = -23.7 (c 1.60, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.79-7.75 (m, 2H), 7.72-7.30 (m, 4H), 7.06-7.00 (m, 2H), 4.76 (s, 1H), 4.29 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 2.55 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.12 (t, 3J = 13.2 Hz, 1H) ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.50 (s) ppm; HPLC separation conditions: Chiralpak OJ column, 25 oC, 254 nm, hexane/i-PrOH = 1/1, flow rate 0.4 mL/min, tmajor = 16.2 min, tminor = 12.7 min
6-Hydroxy-4-octyl-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5g)
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Colorless oil; 99 % yield, 87 % ee; [α]D25 = -19.8 (c 1.90, EtOH);  IR: 3298, 2929, 2216, 1621, 1448, 1192, 1048, 958, 770, 695; 1H NMR (300 MHz, CDCl3) δ 7.71-7.47 (m, 2H), 7.45-7.35 (m, 3H), 4.40 (s, 1H), 2.77-2.69 (m, 1H), 2.29 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.04-1.96 (m, 1H), 1.59-1.29 (m, 14H), 0.91-0.87 (m, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ 161.4, 132.0, 131.0, 128.3, 128.0, 122.1 (q, 1JCF3 = 283.6 Hz), 118.1, 95.2 (q, 2JCF3 = 33.5 Hz), 90.4, 32.8, 31.8, 29.5, 29.4, 29.2, 28.7, 28.4, 26.1, 22.6, 14.1 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.53 (s) ppm; MS (EI) : 381.0 (M+); HRMS (EI-HR) calcd for C21H26F3NO2 = 381.1916, Found 381.1917; HPLC separation conditions: Chiralpak OD column, 25 oC, 220 nm, hexane/i-PrOH = 40/1, flow rate 0.6 mL/min, tmajor = 54.4 min, tminor = 26.3 min.
6-Hydroxy-4-(3-methoxyphenyl)-2-(4-methoxyphenyl)-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5h)6
[image: image131.wmf]P

h

N

H

S

N

H

N

C

F

3

C

F

3

B

n

Light yellow oil; 99 % yield, 92 % ee; [α]D27 = 17.2 (c 1.75, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.76-7.73 (m, 2H), 7.34-7.32 (m, 1H), 6.94-6,86 (m, 5H), 4.20 (s, 1H), 3.92 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 3.84 (s, 3H), 3.83 (s, 3H), 2.433 (dd, 2J = 13.5 Hz,  3J = 6.0 Hz, 1H, CH2), 2.0 (t, 3J = 12.6 Hz, 1H) ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.6 (s) ppm; HPLC separation conditions: Chiralpak OD column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.4 mL/min, tmajor = 29.2 min, tminor = 24.5 min.
6-Hydroxy-2-(4-methoxyphenyl)-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5i)6
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White solid; 99 % yield, 92 % ee; [α]D27 = 12.5 (c 1.80, EtOH); 1H NMR (300 MHz, CDCl3) δ 7.72 (d, J = 8.7 Hz, 2H), 7.20 (s, 4H), 6.90 (d, J = 8.7 Hz, 2H), 4.64 (s, 1H), 3.88 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 3.82 (s, 3H), 2.42-2.35 (m, 4H), 1,97 (t, 3J = 13.2 Hz, 1H) ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.6 (s) ppm; HPLC separation conditions: Chiralpak OD column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.4 mL/min, tmajor = 19.6 min, tminor = 14.3 min.
2-(4-Fluorophenyl)-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5j)
white solid; mp 130-132 oC; 98 % yield, 92 % ee; [α]D25 = -14.6 (c 1.75, EtOH); IR: 3278, 2216, 1619, 1511, 1495, 1240, 1148, 1044, 961, 707 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.79-7.77 (m, 2H), 7.42-7.25 (m, 5H), 7.12-7.07 (m, 3H), 4.83 (s, 1H), 3.92 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 2.43 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.00 (t, 3J = 12.9 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 164.2 (d, 1JCF = 250.8 Hz), 160.7, 139.4, 130.5, 130.4, 129.2, 128.1, 127.9, 122.0 (q, 1JCF3 = 284.5 Hz), 118.2, 115.6 (d, 2JCF 3= 21.5 Hz ), 95.3 (q, 2JCF3 = 33.5 Hz), 36.5, 32.9 ppm; 19F NMR (282.3 MHz, CDCl3) δ – 86.51 (s) , -109.3 (s) ppm; MS (ESI) : 381.0 (M+18); HRMS (ESI-HR) calcd for C19H13F4NO2 ([M+Na+]) = 386.0882, Found 386.0775. HPLC separation conditions: Chiralpak OD column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.4 mL/min, tmajor = 18.6 min, tminor = 12.5 min.
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2-(4-Bromophenyl)-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5k)
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white solid, mp 73-75 oC; 99 % yield, 92 % ee; [α]D25 = -1.2 (c 1.80, EtOH); IR: 3292, 2218, 1616, 1490, 1253, 1192, 1143, 1043, 726, 700 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.64-7.52 (m, 4H), 7.42-7.25 (m, 5H), 4.80 (s, 1H), 3.91 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 2.43 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.01 (t, 3J = 12.9 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 160.6, 139.0, 131.8, 130.6, 129.6, 128.3, 128.0, 126.0, 125.9, 121.8 (q, 1JCF3 =284.0 Hz), 117.8, 95.2 (q, 2JCF 3= 34.0 Hz), 36.5, 32.4 ppm; 19F NMR (282.3 MHz, CDCl3) δ = -86.51 (s) ppm; MS (ESI) : 340.9 (M+18); HRMS (ESI-HR) calcd for C19H13BrF3NO2 ([M+Na+]) = 446.0082, Found 445.9974. HPLC separation conditions: Chiralpak OD column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.4 mL/min, tmajor = 14.1 min, tminor = 13.1 min.
2-(4-Bromophenyl)-6-hydroxy-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5l)
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white solid, mp 168-170 oC; 99 % yield, 91 % ee; [α]D25 = -1.8 (c 1.80, EtOH); IR: 3238, 2225, 1620, 1590, 1489, 1257, 1041, 834, 801 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.65-7.53 (m, 4H), 7.25-7.20 (m, 4H), 4.44 (s, 1H), 3.89 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2), 2.42 (dd, 2J = 13.5 Hz, 3J = 6.0 Hz, 1H, CH2), 2.35 (s, 3H), 2.00 (t, 3J = 12.6 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 160.5, 137.9, 136.1, 131.7, 130.9, 129.9, 129.6, 127.8, 125.7, 122.0 (q, 1JCF3 =283.8 Hz), 118.0 , 95.3 (q, 2JCF3 = 34.1 Hz), 90.6, 36.1, 32.7, 21.1 ppm; 19F NMR (282.3 MHz, CDCl3) δ -86.48 (s) ppm; MS (ESI): 460.0 (M+18); HRMS (ESI-HR) calcd for C20H15BrF3NO2 ([M+Na+]) = 460.0238, Found 460.0131. Anal. Cacld. for C20H15BrF3NO 2(%): C, 54.81; H, 3.45; N, 3.20; Found: C, 54.96; H, 3.41; N, 3.12. HPLC separation conditions: Chiralpak OA column, 25 oC, 214 nm, hexane/i-PrOH = 9/1, flow rate 0.7 mL/min, tmajor = 11.8 min, tminor = 14.3 min.
                  2,4-Bis(4-bromophenyl)-6-hydroxy-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5m)
white solid, mp 188-190 oC; 97 % yield, 94 % ee; [α]D22 = 3.9 (c 0.60, EtOH); IR: 3252, 2222, 1617, 1490, 1259, 1201, 1179, 958, 834 cm-1; 1H NMR (300 MHz, acetone-d6) δ 7.80-7.71 (m, 4H); 7.63-7.51 (m, 4H); 4.10 (dd, 2J = 12.6 Hz, 3J = 6.0 Hz, 1H, CH2 ), 3.04 (brs, 1H), 2.523 (dd, 2J = 13.2 Hz, 3J = 6.0 Hz, 1H, CH2), 2.15 (t, 3J = 12.9 Hz, 1H) ppm; 13C NMR (100 MHz, acetone-d6) δ 164.4, 143.5, 135.9, 135.6, 135.3, 134.4, 134.2, 129.0, 126.3 (q, 1JCF3 =283.8 Hz), 121.3, 99.4 (q, 2JCF3 = 33.8 Hz), 40.1, 36.4 ppm; 19F NMR (282.3 MHz, acetone-d6) δ -86.49 ppm; MS (ESI): 432.1 (M-69, -CF3); HRMS (ESI-HR) calcd for C19H12Br2F3NO2 ([M+Na+]) = 523.9187, Found 523.9079. HPLC separation conditions: Chiralpak AD-H column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.6 mL/min, tmajor = 13.8 min, tminor = 8.9 min.
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2-tert-Butyl-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5n)
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white solid, mp oC; 62 % yield, 92 % ee; [α]D22 = -33.0 (c 1.00, EtOH); IR: 3263, 2220, 1612, 1457, 1187, 1139,1064, 962, 716, 701 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.39-7.22 (m, 5H), 4.23 (s, 1H), 3.79 (dd, 2J = 12.3 Hz, 3J = 6.0 Hz, 1H, CH2), 2.31 (dd, 2J = 13.2 Hz, 3J = 6.0 Hz, 1H, CH2), 1.81 (t, 3J = 13.5 Hz, 1H), 1.38 (s, 9H) ppm; 13C NMR (100 MHz, CDCl3) δ 172.0, 139.8, 129.1, 127.9, 127.6, 122.0 (q, 1JCF3 =284.4 Hz), 117.6, 94.2 (q, 2JCF3 = 33.5 Hz) , 87.1, 38.1, 36.8, 32.6, 28.3 ppm; 19F NMR (282.3 MHz, CDCl3) δ -86.75 (s) ppm; MS (EI): 325 (M+); HRMS (EI-HR) calcd for C17H18F3NO2= 325.1290, Found 325.1292. HPLC separation conditions: Chiralpak OD column, 25 oC, 220 nm, hexane/i-PrOH = 40/1, flow rate 0.9 mL/min, tmajor = 48.7 min, tminor = 25.5 min.
(b). Procedure for the synthesis of compound 6
   Compound 5d (37.5 mg, 0.1 mmol) was dissolved in 2 mL mixed solvent (ethyl acetate : acetic acid = 1:1) and stirred for 15 min, then ammonium acetate (92.4 mg, 1.2 mmol) was added in portions. Then the system was stirred at room temperature for 72 h before 2 mL H2O was added. The aqueous layer was extracted with dichloromethane. The organic layer was washed with brine and dried with anhydrous Na2SO4. After evaporation of the solvent under reduced pressure, the crude product was purified by column chromatography on silica gel to afford 6 as a white solid.
6-Hydroxy-4-(3-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-1,4,5,6-tetrahydropyridine-3-carbonitrile (6)
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70 % yield, 90 % ee; [α]D24 = -26.9 (c 2.00, CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.62-7.60 (m, 2H), 7.45 (s, 3H), 7.32-7.27 (m, 1H), 7.02 (s, 1H), 6.88-6.85 (m, 1H), 3.98 (dd, 2J = 12.6 Hz, 3J = 5.1 Hz, 1H, CH2), 3.81 (s, 3H), 3.05 (brs, 1H), 2.32 (dd, 2J = 12.6 Hz, 3J = 4.2 Hz, 1H, CH2), 2.05 (t, 3J = 12.9 Hz, 1H) ppm; 19F NMR (282.3 MHz, CDCl3) δ -84.45 (s), -85.17 (s) ppm. HPLC separation conditions: Chiralpak AD-H column, 25 oC, 254 nm, hexane/i-PrOH = 4/1, flow rate 0.6 mL/min, t1major = 11.7 min, t1minor = 8.7 min, t2major = 9.43 min, t2minor = 20.39 min.
(D). Reference
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(E). X-ray structure of 5l 
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Fig 1. Asymmetric part of the unit cell contains two independent molecules 

(F). Effect of solvents on the reaction
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	Entry
	Solvent
	Yield (%)b
	d.r. c
	ee (%)d

	1
	hexane
	81
	>19:1
	48

	2
	CCl4
	99
	>19:1
	80

	3
	CHCl3
	99
	>19:1
	93

	4
	DCM
	94
	>19:1
	71

	5
	THF
	87
	>19:1
	5

	6
	Et2O
	97
	>19:1
	88

	7
	ClCH2CH2Cl
	96
	>19:1
	83

	8
	m-xylene
	99
	>19:1
	80

	9
	toluene
	99
	>19:1
	90

	10
	MTBE
	99
	>19:1
	87


[a] Unless otherwise noted, the reaction was conducted with 0.10 mmol of 3a and 0.20 mmol of 4a in the presence of 10 mol % of 2k in 2.0 mL of solvent for 5 hours.
[b] Isolated yields.
[c] Determined by 19F-NMR analysis

[d] Determined by chiral HPLC analysis on a chiral column
(G). The HPLC spectrum of the products

(a).6-Hydroxy-2,4-diphenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5a)
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(b).6-Hydroxy-4-(4-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5b)
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(c).6-Hydroxy-2-phenyl-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5c)
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(d).6-Hydroxy-4-(3-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5d)
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(e).6-Hydroxy-4-(2-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5e)
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(f).6-Hydroxy-2-phenyl-4-(thiophen-2-yl)-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5f)
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(g).6-Hydroxy-4-octyl-2-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5g)
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(h).6-Hydroxy-4-(3-methoxyphenyl)-2-(4-methoxyphenyl)-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5h)
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(i).6-Hydroxy-2-(4-methoxyphenyl)-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5i)
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(j).2-(4-Fluorophenyl)-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5j)
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(k).2-(4-Bromophenyl)-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5k)
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[image: image47.emf]
(l).2-(4-bromophenyl)-6-hydroxy-4-p-tolyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5l).

[image: image162.wmf]O

C

F

3

O

H

P

h

N

C

O

C

H

3

P

h

O

N

C

O

C

F

3

M

e

O

[image: image48.emf]
[image: image49.emf]
[image: image163.wmf]O

C

F

3

O

H

P

h

N

C

O

C

H

3

[image: image50.emf]
[image: image51.emf]
(m).2,4-Bis(4-bromophenyl)-6-hydroxy-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5m)
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(n).2-tert-Butyl-6-hydroxy-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-4H-pyran-3-carbonitrile (5n)
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(o).6-Hydroxy-4-(3-methoxyphenyl)-2-phenyl-6-(trifluoromethyl)-1,4,5,6-tetrahydropyridine-3-carbonitrile
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(H). Copies of NMR Spectra for New Compounds
1H NMR of 9c
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13C NMR of 9c
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1H NMR of 9d
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13C NMR of 9d
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1H NMR of 9e
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13C NMR of 9e
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1H NMR of 2g
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19F NMR of 2g
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13C NMR of 2g
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1H NMR of 2h
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19F NMR of 2h
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13C NMR of 2h 
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1H NMR of 2i
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19F NMR of 2i
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13C NMR of 2i
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1H NMR of 2j
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19F NMR of 2j
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13C NMR of 2j 
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1H NMR of 2k
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19F NMR of 2k
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13C NMR of 2k
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1H NMR of 5b

[image: image85.emf]
19F NMR of 5b
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13C NMR of 5b
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1H NMR of 5e 
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19F NMR of 5e 
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19F NMR of 5e 
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19F NMR of 5g 
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1H NMR of 5j
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19F NMR of 5j
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1H NMR of 5k
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19F NMR of 5k
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13C NMR of 5k
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1H NMR of 5l
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19F NMR of 5l
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13C NMR of 5l
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1H NMR of 5m
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19F NMR of 5m
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13C NMR of 5m
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1H NMR of 5n
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19F NMR of 5n
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13C NMR of 5n
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