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Supplementary Information

General.  IR spectra were measured with a PERKIN ELMER 1725X spectrophotometer. 1H-NMR spectra were recorded on a JEOL JNM-GSX 270 and a JEOL JNM-LA 600 spectrometers with TMS as an internal standard. MS was taken on a JEOL-JNM-DX 303 spectrometers. Optical rotations were measured with a JASCO-DPI-370 digital polarimeter. 
General procedure for preparations of chiral ligands 5-8.
(1S)-(-)-10-Mercaptoisoborneol 1 (100 mg, 0.54 mmol) or (1S)-(-)-10-mercaptoborneol 2 (100 mg, 0.54 mmol), 2-phenylthiobenzaldehyde 3  (129 mg, 0.60 mmol), or 2-(2,6-dimethylphenylthio)benzaldehyde 4 (145 mg, 0.60 mmol), p-toluenesulfonic acid monohydrate (20 mg, 0.11 mmol) and benzene (8 mL) respectively, were placed in a flask equipped with a Dean-Stark trap. The mixture was refluxed for 4 h. The solvent was evaporated under a reduced pressure and the residue was purified by preparative TLC (hexane : ether = 10 : 1, Rf = 0.5) to give the corresponding products 5-8. 

Ligand 5.

Obtained (194 mg, 94%) as a colorless oil. [] D24= –55.17˚ (c 1.74, CHCl3). IR (film) cm-1: 1583, 691, 656. 1H-NMR (CDCl3) : 7.69 (dd, J = 1.5 Hz, 7.8 Hz, 1H, S-C6H4), 7.16-7.35 (m, 8H, S-C6H4, S-C6H5), 6.20 (s, 1H, S-CH-O), 3.75 (dd, J = 3.1 Hz, 8.1 Hz, 1H, O-CH), 3.29 (d, J = 14.2 Hz, 1H, S-CH2), 2.79 (d, J = 14.2 Hz, 1H, S-CH2), 2.01 (m, 1H, CH-CH2-CH), 1.68-1.78 (m, 3H, CH2-CH-CH2), 1.54 (m, 1H, CH2-CH2), 1.50 (s, 3H, C(CH3)2), 1.00-1.06 (m, 2H, CH2-CH2), 0.96 (s, 3H, C(CH3)2). 13C-NMR (CDCl3)  : 140.45 (aromatic-C), 136.13 (aromatic-C), 132.74 (aromatic-C), 132.03 (aromatic-C), 130.102 (aromatic-C), 128.892 (aromatic-C), 128.76 (aromatic-C), 127.97 (aromatic-C), 127.54 (aromatic-C), 126.46 (aromatic-C), 85.67 (O-CH), 80.28 (S-CH-O), 46.77 (C-CH2), 45.56 (CH), 41.94 (C(CH3)2), 37.91 (CH-CH2-CH), 34.30 (CH2-CH2), 29.95 (S-CH2), 27.24 (CH2-CH2), 23.41 (C(CH3)2), 20.45 (C(CH3)2). Ms m/z : 382 (M+). HRMS calcd for C23H26OS2 : 382.1425, found : 382.1443.

Ligand 6. 
Obtained (215 mg, 97%) as a white solid, mp 117-118 °C (hexane-ether). [] D24= –9.99˚ (c 2.20, CHCl3). IR (KBr) cm-1: 1580, 768, 750. 1H-NMR (CDCl3) : 7.59 (dd, J = 1.5 Hz, 7.7 Hz, 1H, S-C6H4), 7.10-7.24 (m, 4H, S-C6H3(CH3)2, S-C6H4), 7.00 (m, 1H, S-C6H4), 6.46 (d, J = 7.9 Hz, 1H, S-C6H4), 6.21 (s, 1H, S-CH-O), 3.89 (dd, J = 3.1 Hz, 7.9 Hz, 1H, O-CH), 3.38 (d, J = 14.2 Hz, 1H, S-CH2), 2.84 (d, J = 14.2 Hz, 1H, S-CH2), 2.39 (s, 6H, S-C6H3(CH3)2), 2.06 (m, 1H, CH-CH2-CH), 1.73-1.83 (m, 3H, CH2-CH-CH2), 1.57 (m, 1H, CH2-CH2), 1.51 (s, 3H, C(CH3)2), 1.03-1.12 (m, 2H, CH2-CH2), 0.98 (s, 3H, C(CH3)2). 13C-NMR (CDCl3)  : 143.902 (aromatic-C), 136.75 (aromatic-C), 134.91 (aromatic-C), 130.93 (aromatic-C), 129.19 (aromatic-C), 128.64 (aromatic-C), 128.482 (aromatic-C), 127.09 (aromatic-C), 125.55 (aromatic-C), 125.26 (aromatic-C), 85.98 (O-CH), 79.67 (S-CH-O), 46.89 (C-CH2), 45.63 (CH), 42.16 (C(CH3)2), 38.06 (CH-CH2-CH), 34.43 (CH2-CH2), 29.93 (S-CH2), 27.35 (CH2-CH2), 23.49 (C(CH3)2), 21.902 (S-C6H3(CH3)2), 20.51 (C(CH3)2). Ms m/z : 410 (M+). HRMS calcd for C25H30OS2 : 410.1738, found : 410.1711.
Ligand 7.  
Obtained (177 mg, 86%) as a white solid, mp 98-99 °C (hexane-ether). [] D24= –26.66˚ (c 1.50, CHCl3). IR (KBr) cm-1: 1580, 741, 689. 1H-NMR (CDCl3) : 7.86 (dd, J = 1.1 Hz, 7.5 Hz, 1H, S-C6H4), 7.17-7.35 (m, 8H, S-C6H4, S-C6H5), 6.35 (s, 1H, S-CH-O), 3.93 (m, 1H, O-CH), 3.25 (d, J = 12.2 Hz, 1H, S-CH2), 2.77 (m, 1H, CH2-CH2), 2.50 (d, J = 12.2 Hz, 1H, S-CH2), 2.22 (m, 1H, CH-CH2-CH), 1.71-1.77 (m, 2H, CH-CH2-CH2), 1.26-1.48 (m, 2H, CH2-CH2), 1.15 (dd, J = 4.7 Hz, 13.6 Hz, 1H, CH-CH2-CH), 0.95 (s, 6H, C(CH3)2). 13C-NMR (CDCl3)  : 139.92 (aromatic-C), 136.18 (aromatic-C), 132.80 (aromatic-C), 132.23 (aromatic-C), 130.132 (aromatic-C), 128.99 (aromatic-C), 128.892 (aromatic-C), 128.06 (aromatic-C), 127.94 (aromatic-C), 126.47 (aromatic-C), 84.37 (O-CH), 82.16 (S-CH-O), 47.06 (C-CH2), 44.73 (CH), 44.25 (C(CH3)2), 34.47 (CH-CH2-CH), 33.31 (S-CH2), 27.92 (CH2-CH2), 25.92 (CH2-CH2), 19.61 (C(CH3)2), 18.66 (C(CH3)2). Ms m/z : 382 (M+). HRMS calcd for C23H26OS2 : 382.1425, found : 382.1400.
Ligand 8.  
Obtained (195 mg, 88%) as a white solid, mp 154-156 °C (hexane-ether). [] D24= –60.62˚ (c 1.60, CHCl3). IR (KBr) cm-1: 1589, 770, 747, 697. 1H-NMR (CDCl3) : 7.75 (dd, J = 1.3 Hz, 7.7 Hz, 1H, S-C6H4), 7.11-7.23 (m, 4H, S-C6H3(CH3)2, S-C6H4), 7.01 (m, 1H, S-C6H4), 6.46 (d, J = 8.0 Hz, 1H, S-C6H4), 6.35 (s, 1H, S-CH-O), 4.05 (m, 1H, O-CH), 3.32 (d, J = 12.4 Hz, 1H, S-CH2), 2.93 (m, 1H, CH2-CH2), 2.55 (d, J = 12.4 Hz, 1H, S-CH2), 2.39 (s, 6H, S-C6H3(CH3)2), 2.30 (m, 1H, CH-CH2-CH), 1.73-1.78 (m, 2H, CH-CH2-CH2), 1.33-1.50 (m, 2H, CH2-CH2), 1.15 (dd, J = 4.8 Hz, 13.5 Hz, 1H, CH-CH2-CH), 0.98 (d, J = 6.1 Hz, 6H, C(CH3)2). 13C-NMR (CDCl3)  : 143.792 (aromatic-C), 136.07 (aromatic-C), 134.99 (aromatic-C), 130.71 (aromatic-C), 129.10 (aromatic-C), 128.75 (aromatic-C), 128.372 (aromatic-C), 127.42 (aromatic-C), 125.38 (aromatic-C), 125.21 (aromatic-C), 84.63 (O-CH), 81.57 (S-CH-O), 47.22 (C-CH2), 44.87 (CH), 44.51 (C(CH3)2), 34.69 (CH-CH2-CH), 33.33 (S-CH2), 28.06 (CH2-CH2), 26.08 (CH2-CH2), 21.992 (S-C6H3(CH3)2), 19.78 (C(CH3)2), 18.83 (C(CH3)2). Ms m/z : 410 (M+). HRMS calcd for C25H30OS2 : 410.1738, found : 410.1722.

Typical Procedure of Pd-Catalyzed Asymmetric Allylic Alkylation of 1,3-Diphenyl-2-propenyl Acetate 9 with Malonates 10a-c using Chiral Ligands 5-8 (entries 1-5, 9, 10).

A mixture of the ligands 5-8 (5,7: 3.06 mg, 0.008 mmol, 6,8: 3.28 mg, 0.008 mmol) and [PdCl(3-C3H5)]2 (1.46 mg, 0.004 mmol) in dry dichloromethane (1 mL) was stirred at room temperature for 1 h, and the resulting yellow solution was added to a mixture of acetate 9 (100 mg, 0.40 mmol) and potassium acetate (0.8 mg, 0.008 mmol) in dry dichloromethane (1 mL), followed by the addition of malonates (10a: 160 mg, 10b: 175 mg, 10c: 209 mg, 1.2 mmol) and BSA (240 mg, 1.2 mmol). The mixture was stirred at rt or 0 ˚C, diluted with ether, and quenched with sat. NH4Cl. The organic layer was washed with brine and dried over MgSO4. The solvent was evaporated under a reduced pressure, and the residue was purified by preparative TLC (hexane : ether = 6 : 1) to give a pure products 11a-c, respectively. The enantiomeric excess was determined by HPLC (11a: Chiralcal OD-H, 0.5 mL/min, hexane:2-propanol = 98 : 2, 11b,c: Chiralcal OD-H+OD-H, 0.5 mL/min, hexane:2-propanol = 199 : 1). The absolute configuration was determined by the specific rotation.1f,g
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Table 2. Comparison of  

Δ

Hf (kcal/mol) between possible conformation

10.13 (0.00)               11.98 (1.85)

17.11 (0.00)               19.01 (1.90)

12

-A1 (R=Me) 

  12

-A2 (R=Me)   

12

-B1 (R=Me) 

   12

-B2 (R=Me)

236.95 (0.00)       239.45 (2.50)      238.91 (1.96)      239.28 (2.33)

131.07 (0.00)       132.70 (1.63)      133.64 (2.57)      133.64 (2.57)

14

-A1 (R=Me)             

14

-A2 (R=Me)

  -68.64 (0.00)               -64.74 (3.9)

-149.35 (0.00)             -129.90 (20.35)

5

-A (R=H)                 

5

-B (R=H)

  22.14 (0.00)               22.86 (0.72)

  31.31 (0.00)               31.31 (0.00)
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      13

-A2 (R=H)     

13

-B1 (R=H) 

     13

-B2 (R=H)

249.28 (1.80)       251.45 (3.97)      247.88 (0.40)      247.48 (0.00)

152.97 (2.77)       151.94 (1.74)      150.52 (0.32)      150.20 (0.00)



