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General. All reactions and manipulations were performed using standard Schlenk 
techniques. Anhydrous THF and toluene were distilled from sodium benzophenone ketyl. 
Anhydrous DCE, Et3N and isopropyl alcohol were distilled form CaH2 under an 
atmosphere of argon. Anhydrous MeOH and EtOH were distilled from magnesium under 
nitrogen atmosphere. Melting points were measured on a RY-I apparatus and uncorrected. 
1H, 13C, 31P and 19F NMR spectra were recorded on Varian Mercury 300 MHz or 400 
MHz spectrometers. Chemical shifts (δ values) were reported in ppm downfield from 
internal TMS (1H NMR) or CDCl3 (13C NMR), external 85% H3PO4 (31P NMR) and 
external CF3CO2H (19F NMR), respectively. Optical rotations were determined using a 
Perkin Elmer 341 MC polarimeter. EI (70 ev) and MALDI-TOF mass spectra were 
obtained on Agilent 5973N and MATRIX VOYAGR-DE STR spectrometers, 
respectively. HRMS(MALDI) were determined on IonSpect 4.7 TESLA FTMS 
spectrometers. HPLC analyses were performed on a JASCO 2089 or Techcomp N2000 
liquid chromatograph.  
 
Materials. (±)-Spiro[4,4]-1,6-nonane-diketone was prepared in >50% overall yield in 
hundreds-gram scale from industrially available diethyl adipate and ethyl 
4-bromobutanoate by following a modified literature procedure.S1 [Ir(COD)Cl]2 was 
purchased from Stream Co. and used as received. NaBArF was prepared according to the 
literature procedure.S2 The ligand 2a-e and their Ir(I) complexes were prepared according 
to our previous reported procedure.S3 All acids were prepared according to the reported 
procedures.S4 Acids 1b-d,f,i-k and products 3b-e,i-j,l are known compounds and their 1H 
NMR data are consistent with those of the literatures.S5~S10 
 
Preparation and Analytical Data of Spiro Phosphino-Oxazoline Ligands. The 
synthetic pathway of the ligands similar to our previous report is outlined as followS3: 
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Int. Pat., WO 2006/016178, 2006. 
(S5) G. Argouarch, O. Samuel and H. B. Kagan, Eur. J. Org. Chem., 2000, 39, 2885.  
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Analytic data for ligand 2f-h 
(R,S)-2f (R = iBu, Ar = o-Tol) 
Colorless oil, yield 68%; 1H NMR (300 MHz, CDCl3) δ = 7.26-7.00 (m, 8H), 6.43 (br s, 
1H), 5.43 (d, J = 2.7 Hz, 1H), 3.96-3.91 (m, 2H), 3.81-3.74 (m, 1H), 2.82-2.69 (m, 2H), 
2.56-2.23 (m, 10H), 1.91-1.81 (m, 2H), 1.56-1.49 (m, 2H), 1.18-1.11 (m, 1H), 0.91 (t, J = 
6.6 Hz, 3H), 0.80 (d, J = 6.6 Hz, 3H) ppm; 31P NMR (121 MHz, CDCl3) δ = -43.95 (s) 
ppm; ESI-MS m/z : 458.2 [M+H+]; HRMS (MALDI) m/z: calcd. for C30H37NOP: 
458.2607, Found: 458.2603 [M+H+]. 
 
(R,S)-2g (R = iBu, Ar = 3,5-Xyl) 
Colorless oil, yield 21%; 1H NMR (300 MHz, CDCl3) δ = 7.03 (d, J = 6.3 Hz, 2H), 
6.95-6.93 (m, 2H), 6.86 (s, 1H), 6.42 (s, 1H), 5.68 (t, J = 2.1 Hz, 1H), 4.03-3.97 (m, 2H), 
3.82-3.78 (m, 1H), 2.70-2.63 (m, 1H), 2.54-2.36 (m, 3H), 2.33-2.30 (m, 1H), 2.28 (s, 6H), 
2.24 (s, 6H), 2.13-2.06 (m, 1H), 1.92-1.82 (m, 2H), 1.55-1.47 (m, 2H), 1.18-1.48 (m, 1H), 
0.92 (t, J = 2.7 Hz, 3H), 0.80 (d, J = 4.8 Hz, 3H) ppm; 31P NMR (121 MHz, CDCl3) δ = 
-26.76 (s) ppm. 
 
(R,S)-2h (R = Ph, Ar = o-Tol) 
Colorless oil, yield 41%; 1H NMR (400 MHz, CDCl3) δ = 7.32-7.08 (m, 13H), 6.58-6.57 
(m, 1H), 5.46-5.44 (m, 1H), 5.15 (t, J = 9.2 Hz, 1H), 4.33 (dt, J = 8.0 Hz, 1H), 3.83 (t, J = 
8.2 Hz, 1H), 2.91-2.84 (m, 1H), 2.80-2.74 (m, 1H), 2.61-2.56 (m, 1H), 2.45 (s, 3H), 2.37 
(s, 3H), 2.36-2.29 (m, 3H), 1.97-1.88 (m, 2H) ppm; 31P NMR (162 MHz, CDCl3) δ = 
-45.33 (s) ppm. 
 
Analytic data for Ir complex of 2f-h 
Ir(I)/(R,S)-2f (R = iBu, Ar = o-Tol) 
Red powder, yield 83%; M.p. = 180-183 °C; [α]D

20 = -16.1° (c 0.51, CHCl3); 1H NMR 
(300 MHz, CDCl3) δ = 9.25 (q, J = 7.2 Hz, 1H), 7.72 (br s, 8H), 7.58-7.52 (m, 5H), 
7.45-7.34 (m, 4H), 7.19-7.15 (m, 1H), 7.09-7.02 (m, 1H), 6.07-6.00 (m, 2H), 5.27 (br s, 
1H), 4.54-4.49 (m, 1H), 4.38-4.35 (m, 2H), 4.24-4.19 (m, 1H), 2.82-2.79 (m, 1H), 2.69 (s, 
3H), 2.57-2.29 (m, 5H), 2.13 (s, 3H), 2.09-1.69 (m, 9H), 1.42-1.20 (m, 6H), 0.98 (t, J = 
7.2 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ = 117.6 (d, J = 
1.8 Hz), 161.7 (q, J = 49.7 Hz), 144.4 (d, J = 3.7 Hz), 145.3, 143.1, 142.4, 142.1, 140.5, 
140.4, 135.2, 134.8, 134.6, 133.1 (d, J = 6.7 Hz), 132.9 (d, J = 2.5 Hz), 132.6 (d, J = 6.1 
Hz), 132.1 (d, J = 7.9 Hz), 131.7 (d, J = 2.5 Hz), 130.4, 130.0, 129.5 (m), 129.1 (m), 
128.7 (m), 128.3 (m), 126.3, 126.1, 125.9, 125.7 (2 peak), 125.6, 123.7, 123.0, 122.7, 
119.1, 117.6-117.3 (m), 89.7 (d, J = 7.9 Hz), 80.0 (d, J = 16.4 Hz), 73.4, 69.1, 68.9, 68.5, 
68.0, 59.6, 42.5 (d, J = 6.0 Hz), 38.6, 35.8 (d, J = 4.9 Hz), 34.2, 33.8, 31.7, 31.2 (d, J = 
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12.1 Hz), 27.9, 26.4, 25.6, 24.6, 24.5, 23.0 (d, J = 3.7 Hz), 12.0, 11.6 ppm; 31P NMR (121 
MHz, CDCl3) δ = 2.52 (s) ppm; 19F NMR (282 MHz, CDCl3) δ = -62.80 (s) ppm; 
IR (film) ν 2972, 2840, 1671, 1592, 1507, 1458, 1387, 1352, 1275, 1167, 1128, 1030, 
900, 886, 834, 776, 716, 681, 668 cm-1; 
MS (MALDI) m/z: 648.5 [M-COD-BArF]+; HRMS (MALDI) m/z calcd. for 
C38H48NOP191Ir+ [M-BArF]+: 756.3074, Found: 756.3073. 
 
Ir(I)/(R,S)-2g (R = iBu, Ar = 3,5-Xyl) 
Red powder, yield 80%; M.p. = 124-125 °C; [α]D

20 = -10.0° (c 0.26, CHCl3); 1H NMR 
(300 MHz, CDCl3) δ = 7.71 (s, 8H), 7.52 (s, 4H), 7.43 (d, J = 11.7 Hz, 2H), 7.18-7.09 (m, 
4H), 6.24 (s, 1H), 6.16 (d, J = 7.8 Hz, 1H), 5.03 (br s, 1H), 4.47-4.22 (m, 4H), 3.31 (br s, 
1H), 3.10-3.05 (m, 1H), 2.48-2.27 (m, 15H), 2.13-1.70 (m, 10H), 1.53-1.16 (m, 6H), 0.97 
(t, J = 8.2 Hz, 3H), 0.80 (d, J = 8.2 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ = 169.3, 161.7 
(q, J = 50.2 Hz), 146.7 (d, J = 2.6 Hz), 140.2, 138.9, 138.8, 138.7, 138.6 (2 peak), 138.1, 
134.8, 133.6 (m), 133.1, 133.0, 130.9, 130.8, 130.0, 129.5 (m), 129.2 (m), 128.7 (m), 
128.5, 128.3 (m), 126.9, 126.3, 126.2, 122.7, 119.1, 117.6 (m), 90.3 (d, J = 8.7 Hz), 82.1 
(d, J = 16.0 Hz), 69.7 (d, J = 2.2 Hz), 69.3, 68.7, 68.5, 60.8, 40.5 (d, J = 6.6 Hz), 38.7, 
35.8, 35.6 (d, J = 5.0 Hz), 33.3, 32.5, 31.5, 31.3, 29.7, 28.7, 26.3, 26.1, 21.4, 21.2, 12.8, 
11.6; 31P NMR (121 MHz, CDCl3) δ = 2.63 (s); 19F NMR (282 MHz, CDCl3) δ = -62.83 
(s); 
IR (film) ν 2963, 1684, 1653, 1608, 1558, 1541, 1507, 1457, 1354, 1277, 1163, 1126, 
887, 796, 714, 682, 670 cm-1; 
MS (MALDI) m/z: 784.3 [M-BArF]+, 676.2 [M-COD-BArF]+; HRMS (MALDI) m/z 
calcd. for C40H52NOP191Ir+ [M-BArF]+: 784.3387, Found: 784.3366. 
 
Ir(I)/(R,S)-2h (R = Ph, Ar = o-Tol) 
Red powder, yield 78%; M.p.= 206-208 °C; [α]D

20 = -13.4° (c 1.2, CHCl3); 1H NMR 
(400 MHz, CDCl3) δ = 9.29 (q, J = 6.8 Hz, 2H), 7.73 (s, 8H), 7.58-7.42 (m, 9H), 
7.37-7.30 (m, 4H), 7.22-7.19 (m, 1H), 7.12-7.07 (m, 1H), 7.01-6.97 (m, 1H), 6.18 (s, 1H), 
5.96 (d, J = 8 Hz, 1H), 5.59-5.55 (m, 1H), 5.47-5.40 (m, 1H), 4.88 (t, J = 9.2 Hz, 1H), 
4.60-4.56 (m, 1H), 4.45-4.41 (m, 1H), 3.16-3.12 (m, 3H), 2.68-2.52 (m, 4H), 2.30-2.23 
(m, 4H), 2.18 (s,3H), 2.12-1.94 (m, 2H), 1.91 (s, 3H), 1.68-1.52 (m, 2H), 1.39-1.21 (m, 
3H) ppm; 13C NMR (100 MHz, CDCl3) δ = 171.5, 161.7 (q, J = 49.4 Hz), 145.3, 145.1, 
143.2, 142.1 (d, J = 27.7 Hz), 140.9 (d, J = 10.9 Hz), 138.6, 134.8, 133.1 (d, J = 6.3 Hz), 
132.8 (d J = 1.9 Hz), 132.4 (q, J = 5.8 Hz), 131.9 (d, J = 8.5 Hz), 131.4 (d, J = 1.2 Hz), 
130.2, 129.9, 129.7, 129.1 (q, J = 2.9 Hz), 129.0 (q, J = 2.9 Hz), 128.7 (q, J = 2.8 Hz), 
128.6, 128.5 (q, J = 2.8 Hz), 127.0, 126.0, 125.9, 125.4 (d, J = 8.1 Hz), 125.0, 124.6, 
123.8, 123.2, 123.2, 120.4, 117.5-117.4 (m), 89.1 (d, J = 2.9 Hz), 78.4 (d, J = 18.5 Hz), 
75.6, 73.8, 69.4, 69.1 (d, J = 13.6 Hz), 59.1, 42.9 (d, J = 6.8 Hz), 35.4 (d, J = 4.5 Hz), 
34.2, 34.1, 31.8, 31.3, 31.1, 29.7, 27.9, 25.4, 24.1 (d, J = 9.7 Hz), 22.9 (d, J = 3.5 Hz) 
ppm; 31P NMR (162 MHz, CDCl3) δ = -1.21 (s) ppm; 19F NMR (376 MHz, CDCl3) δ = 
-61.68 (s) ppm;  
IR (film) ν 2921, 2849, 1668, 1594, 1458, 1386, 1354, 1278, 1161, 1127, 1031, 947, 888, 
839, 805, 757, 744, 714, 682, 671, 595 cm-1; 
MS (MALDI) m/z: 778.3 [M-BArF]+; HRMS (MALDI) m/z calcd. For C40H44NOP191Ir+ 
([M-BArF]+): 776.2761, Found: 776.2787. 
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Spectral data for acids 1a-l 
(E)-2-Phenyl-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1a) 
white solid, M.p. = 145-147 °C; 1H NMR (400 MHz, CDCl3) δ = 10.96 (br s, 1H), 
7.39-7.33 (m, 3H), 7.17-7.14 (m, 2H), 6.94 (d, J = 10.0 Hz, 1H), 3.93-3.89 (m, 2H), 
3.30-3.23 (m, 2H), 2.42-2.32 (m, 1H), 1.61-1.55 (m, 2H), 1.50-1.46 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 172.0, 149.6, 134.6, 132.6, 129.4, 128.1, 127.7, 66.7, 35.5, 
31.3 ppm; HRMS-EI (m/z) M+ calcd. for C14H16O3. 232.1099, found 232.1096. 
 
2-Phenylacrylic acid (1b)S5 

white solid, M.p. = 101-103 °C; 1H NMR (400 MHz, CDCl3) δ = 10.03 (br s, 1H), 
7.44-7.30 (m, 5H), 6.54 (d, J = 0.8 Hz, 1H), 6.01 (d, J = 0.8 Hz, 1H) ppm; 13C NMR (100 
MHz, CDCl3) δ = 172.2, 140.6, 136.0, 129.4, 128.4, 128.3, 128.1 ppm; HRMS-EI (m/z) 
M+ calcd. for C9H8O2. 148.0524 found 148.0526. 
 
(E)-2-Phenylbut-2-enoic acid (1c)S6 

white solid, M.p. = 143-145 °C; 1H NMR (400 MHz, CDCl3) δ = 11.63 (br s, 1H), 
7.38-7.27 (m, 4H), 7.19-7.16 (m, 2H), 1.76 (d, J = 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, 
CDCl3) δ = 172.6, 142.7, 134.3, 134.1, 129.7, 128.0, 127.5, 15.7 ppm; HRMS-EI (m/z) 
M+ calcd. for C10H10O2. 162.0681 found 162.0680. 
 
(E)-2,3-Diphenylacrylic acid (1d)S7 
white solid, M.p. = 174-175 °C; 1H NMR (400 MHz, CDCl3) δ = 11.12 (br s, 1H), 7.95 (s, 
1H), 7.40-7.32 (m, 3H), 7.24-7.13 (m, 5H), 7.07-7.04 (m, 2H) ppm; 13C NMR (100 MHz, 
CDCl3) δ = 173.4, 142.4, 135.2, 134.2, 131.6, 130.8, 129.7, 129.4, 128.6, 128.2, 128.0 
ppm; HRMS-EI (m/z) M+ calcd. for C15H12O2. 224.0837 found 224.0831. 
 
(E)-3-Cyclopentyl-2-phenylacrylic acid (1e) 
white solid, M.p. = 104-106 °C; 1H NMR (400 MHz, CDCl3) δ = 11.10 (br s, 1H), 
7.38-7.28 (m, 3H), 7.19-7.16 (m, 2H), 7.07 (d, J = 10.8 Hz, 1H), 2.54-2.43 (m, 1H), 
1.77-1.64 (m, 4H), 1.56-1.35 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3) δ = 172.8, 
152.6, 135.0, 131.4, 129.8, 127.9, 127.4, 40.1, 33.4, 25.6 ppm; HRMS-EI (m/z) M+ calcd. 
for C14H16O2. 216.1150 found 216.1148. 
 
(E)-2-(4-Methoxyphenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1f)S8 
white solid, M.p. = 112-114 °C; 1H NMR (400 MHz, CDCl3) δ = 9.60 (br s, 1H), 7.10 (td, 
J = 2.0 Hz, J = 8.4 Hz, 2H), 6.93-6.89 (m, 3H), 3.93-3.90 (m, 2H), 3.82 (s, 3H), 
3.32-3.26 (m, 2H), 2.46-2.36 (m, 1H), 1.60-1.56 (m, 2H), 1.50-1.47 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 172.3, 159.0, 149.5, 132.1, 130.5, 126.8, 113.6, 66.7, 55.1, 
35.5, 31.4 ppm; HRMS-EI (m/z) M+ calcd. for C15H18O4. 262.1205 found 262.1208. 
 
(E)-2-(4-Fluorophenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1g) 
white solid, M.p. = 172-173 °C; 1H NMR (400 MHz, CDCl3) δ = 10.58 (br s, 1H), 
7.15-7.10 (m, 2H), 7.09-7.03 (m, 2H), 6.96 (d, J = 10.4 Hz, 1H), 3.95-3.91 (m, 2H), 
3.32-3.25 (m, 2H), 2.40-2.30 (m, 1H), 1.65-1.54 (m, 2H), 1.49-1.45 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 171.9, 161.7 (d, J = 245.6 Hz), 150.1, 131.6, 131.1 (d, J = 
8.2 Hz), 130.4 (d, J = 3.1 Hz), 115.2 (d, J = 21.7 Hz), 66.6, 35.5, 31.2 ppm; 19F NMR 
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(376 MHz, CDCl3) δ = -114.03 (s) ppm; HRMS-EI (m/z) M+ calcd. for C14H15O3F. 
250.1005 found 250.1003. 
 
(E)-2-(4-Iodophenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1h) 
white solid, M.p. = 182-183 °C; 1H NMR (400 MHz, CDCl3) δ = 9.83 (br s, 1H), 7.71 (td, 
J = 2.0 Hz, J = 8.8 Hz, 2H), 6.95 (d, J = 10.4 Hz, 1H), 6.91 (td, J = 2.0 Hz, J = 8.4 Hz, 
2H), 3.94-3.90 (m, 2H), 3.32-3.25 (m, 2H), 2.40-2.30 (m, 1H), 1.64-1.52 (m, 2H), 
1.48-1.44 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 171.5, 150.2, 137.3, 134.0, 
131.5, 131.3, 93.7, 66.6, 35.6, 31.2 ppm; HRMS-EI (m/z) M+ calcd. for C14H15O3I. 
358.0066 found 358.0065. 
 
(E)-2-(4-(Methylsulfonyl)phenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1i)S8 
white solid, M.p. = 254-256 °C; 1H NMR (400 MHz, CDCl3) δ = 7.97 (d, J = 8.4 Hz, 
2H) , 7.38 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 10.4 Hz, 1H), 5.83 (br s, 1H), 3.97-3.91 (m, 
2H), 3.31-3.23 (m, 2H), 3.29 (t, J = 11.2 Hz, 2H), 3.10 (s, 3H), 2.34-2.25 (m, 1H), 
1.67-1.57 (m, 2H), 1.49-1.46 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 170.5, 
151.2, 140.5, 139.9, 130.9, 130.5, 127.3, 66.5, 44.3, 35.7, 31.1 ppm; HRMS-EI (m/z) M+ 
calcd. for C15H18O5S. 310.0875 found 310.0874. 
 
(E)-2-(4-(Cyclopropylsulfonyl)phenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid 
(1j)S8 

white solid, M.p. = 93-95 °C; 1H NMR (400 MHz, CDCl3) δ = 7.91 (d, J = 8.0 Hz, 2H) , 
7.37 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 10.8 Hz, 1H), 3.95-3.91 (m, 2H), 3.32-3.26 (m, 2H), 
2.55-2.47 (m, 1H), 2.35-2.25 (m, 1H), 1.67-1.56 (m, 2H), 1.50-1.46 (m, 2H), 1.40-1.30 
(m, 2H), 1.10-1.03 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 169.9, 150.5, 140.2, 
139.9, 131.1, 130.3, 127.4, 66.4, 35.5, 32.6, 31.1, 5.9 ppm; HRMS-EI (m/z) M+ calcd. for 
C17H20O5S. 336.1031 found 336.1035. 
 
(E)-2-(4-(Methylthio)phenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1k)S8 
white solid, M.p. = 168-170 °C; 1H NMR (400 MHz, CDCl3) δ = 10.77 (br s, 1H), 7.24 
(td, J = 2.0 Hz, J = 8.4 Hz, 2H), 7.09-7.07 (td, J = 2.0 Hz, J = 8.4 Hz, 2H), 6.93 (d, J = 
10.4 Hz, 1H), 3.94-3.90 (m, 2H), 3.32-3.25 (m, 2H), 2.49 (s, 3H), 2.45-2.34 (m, 1H), 
1.64-1.53 (m, 2H), 1.49-1.45 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 171.9, 
149.7, 138.1, 131.9, 131.1, 129.7, 125.8, 66.6, 35.4, 31.2, 15.4 ppm; HRMS-EI (m/z) M+ 
calcd. for C15H18O3S. 278.0977 found 278.0980. 
 
(E)-2-(4-(Cyclopropylthio)phenyl)-3-(tetrahydro-2H-pyran-4-yl)acrylic acid (1l) 
white solid, M.p. = 152-154 °C; 1H NMR (400 MHz, CDCl3) δ = 10.90 (br s, 1H), 7.36 
(td, J = 2.0 Hz, J = 8.4 Hz, 2H) , 7.08 (td, J = 2.0 Hz, J = 8.4 Hz, 2H), 6.94 (d, J = 10.4 
Hz, 1H), 3.94-3.90 (m, 2H), 3.32-3.27 (m, 2H), 2.47-2.37 (m, 1H), 2.21-2.15 (m, 1H), 
1.64-1.54 (m, 2H), 1.50-1.46 (m, 2H), 1.12-1.02 (m, 2H), 0.73-0,69 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 172.0, 149.7, 138.7, 132.0, 131.0, 129.7, 125.7, 66.6, 35.4, 
31.3, 11.6, 8.4 ppm; HRMS-EI (m/z) M+ calcd. for C17H20O3S. 304.1133 found 
304.1131. 
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General procedure for asymmetric hydrogenation of acids 1 using iridium 
complexes of 2 as the catalysts. To a test tube were charged with a stir bar, acid (0.1 
mmol), the catalyst Ir(I)/2 (0.001 mmol), base (0.1 mmol) and 1mL MeOH under Ar 
atmosphere. The test tube was placed in a Parr steel autoclave in a glove box, which was 
purged three times with hydrogen and finally pressurized to 10 or 30 atm. The reaction 
mixture was stirred for 20 h at 30-50°C. Then the hydrogen gas was released and the 
conversion was determined by 1H NMR. The reaction mixture was then treated with 
CH2N2 in ether for 2 h. After a flash column chromatography separation on silica gel with 
EtOAc as eluent, the desired methyl ester was obtained. The ee value of the product was 
determined by chiral HPLC using its methyl ester derivative. 
 
Characterization data for product corresponding derivatives 3a-l 
(-)-Methyl 2-phenyl-3-(tetrahydro-2H-pyran-4-yl)propanoate (3a) 
pale yellow oil, 96% ee, [α]D

20 = -44.4° (c 1.16, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.34-7.24 (m, 5H), 3.93-3.90 (m, 2H), 3.70-3.65 (m, 4H), 3.29 (t, J = 11.2 Hz, 2H), 
2.07-2.00 (m, 1H), 1.77-1.56 (m, 4H), 1.40-1.27 (m, 2H) ppm; 13C NMR (100 MHz, 
CDCl3) δ = 174.4, 138.9, 128.6, 127.8, 127.2, 67.8, 67.7, 52.0, 48.2, 40.4, 32.9, 32.7, 
32.6 ppm; HRMS-EI (m/z) M+ calcd. for C15H20O3. 248.1412 found 248.1409. HPLC 
condition for corresponding methyl ester: Chiralcel AD-H column (hexane : isopropanol 
= 99 : 1, flow rate = 1.0 mL/min, UV detection at λ = 230 nm) tR = 12.0 min (minor), tR = 
15.8 min (major). 
 
(R)-Methyl 2-phenylpropanoate(3b)S5 
pale yellow oil, 88% ee, [α]D

20 = -15.2° (c 0.83, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.34-7.22 (m, 5H), 3.73 (q, J = 7.2 Hz, 1H), 3.65 (s, 3H), 1.50 (d, J = 7.2 Hz, 3H) ppm; 
13C NMR (100 MHz, CDCl3) δ = 174.9, 140.5, 128.6, 127.4, 127.1, 51.9, 45.3, 18.5 ppm; 
HRMS-EI (m/z) M+ calcd. for C10H12O2. 164.0837 found 164.0841. HPLC condition for 
corresponding methyl ester: Chiralcel OJ column (hexane : isopropanol = 99 : 1, flow 
rate = 1.0 mL/min, UV detection at λ = 230 nm) tR = 12.8 min (minor), tR = 16.1 min 
(major). 
 
(R)-Methyl 2-phenylbutanoate(3c)S6 
pale yellow oil, 94% ee, [α]D

20 = -38.8° (c 1.64, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.33-7.23 (m, 5H), 3.65 (s, 3H), 3.45(t, J = 7.6 Hz, 1H), 2.13-2.06 (m, 1H), 1.83-1.76 (m, 
1H), 0.89 (t, J = 6.4 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3) δ = 174.5, 139.0, 128.5, 
127.9, 127.1, 53.3, 51.8, 26.7, 12.1 ppm; HRMS-EI (m/z) M+ calcd. for C11H14O2. 
178.0994 found 178.0996. HPLC condition for corresponding methyl ester: Chiralcel 
OD-H column (hexane : isopropanol = 99 : 1, flow rate = 1.0 mL/min, UV detection at λ 
= 230 nm) tR = 5.3 min (major), tR = 5.9 min (minor). 
 
(R)-Methyl 2,3-diphenylpropanoate (3d)S7 
pale yellow oil, 94% ee, [α]D

20 = -53.3° (c 1.17, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7. 30-7.10 (m, 10H), 3.87-3.81 (m, 1H), 3.59 (s, 3H), 3.44-3.38 (m, 1H), 3.02 (dd, J = 6.8 
Hz, J = 13.6 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ = 173.8, 139.0, 138.6, 128.8, 
128.6, 128.3, 127.9, 127.3, 126.3, 53.5, 51.9, 39.7 ppm; HRMS-EI (m/z) M+ calcd. for 
C16H16O2. 240.1150 found 240.1153. HPLC condition for corresponding methyl ester: 
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Chiralcel OD-H column (hexane : isopropanol = 99 : 1, flow rate = 1.0 mL/min, UV 
detection at λ = 230 nm) tR = 7.0 min (major), tR = 7.9 min (minor). 
 
(-)-Methyl 3-cyclopentyl-2-phenylpropanoate (3e)S9 
pale yellow oil, 95% ee, [α]D

20 = -41.1° (c 1.23, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.32-7.25 (m, 5H), 3.64 (s, 3H), 3.60 (t, J = 10.4 Hz, 1H), 2.09-2.02 (m, 1H), 1.82-1.43 
(m, 8H), 1.12-1.07 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 174.7, 139.3, 128.5, 
127.9, 127.1, 51.9, 50.7, 39.8, 37.8, 32.6, 32.2, 25.0 ppm; HRMS-EI (m/z) M+ calcd. for 
C15H20O2. 232.1463 found 232.1461. HPLC condition for corresponding methyl ester: 
Chiralcel OJ-H column (hexane : isopropanol = 90 : 10, flow rate = 0.7 mL/min, UV 
detection at λ = 230 nm) tR = 8.4 min (major), tR = 8.8 min (minor). 
 
(-)-Methyl 2-(4-methoxyphenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (3f) 
pale yellow oil, 95% ee, [α]D

20 = -43.0° (c 0.76, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.21 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 3.92-3.89 (m, 2H), 3.79 (s, 3H), 
3.64-3.61 (m, 4H), 3.29 (t, J = 11.6 Hz, 2H), 2.03-1.96 (m, 1H), 1.74-1.55 (m, 4H), 
1.41-1.25 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 174.7, 158.8, 130.9, 128.8, 
114.0, 67.8, 67.7, 55.2, 51.9, 47.3, 40.4, 33.0, 32.6, 32.6 ppm; HRMS-EI (m/z) M+ calcd. 
for C16H22O4. 278.1518 found 278.1520. HPLC condition for corresponding methyl ester: 
Chiralcel AD-H column (hexane : isopropanol = 92 : 8, flow rate = 0.7 mL/min, UV 
detection at λ = 230 nm) tR = 9.8 min (minor), tR = 11.8 min (major).  
 
(-)-Methyl 2-(4-fluorophenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (3g) 
pale yellow oil, 95% ee, [α]D

20 = -38.7° (c 0.62, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.28-7.25 (m, 2H), 7.01 (t, J = 8.4 Hz, 2H), 3.93-3.90 (m, 2H), 3.69-3.65 (m, 4H), 3.29 (t, 
J = 12.0 Hz, 2H), 2.05-1.97 (m, 1H), 1.73-1.55 (m, 4H), 1.41-1.24 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 174.3, 162.0 (d, J = 244.2 Hz), 134.6, 129.3 (d, J = 8.3 Hz), 
115.5 (d, J = 21.2 Hz), 67.7, 67.7, 52.0, 47.5, 40.5, 32.9, 32.6 ppm; HRMS-EI (m/z) M+ 
calcd. for C15H19O3F. 266.1318 found 266.1319. HPLC condition for corresponding 
methyl ester: Chiralcel AD-H column (hexane : isopropanol = 99 : 1, flow rate = 1.0 
mL/min, UV detection at λ = 230 nm) tR = 12.4 min (minor), tR = 15.9 min (major).  
 
(-)-Methyl 2-(4-iodophenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (3h) 
yellow solid, M.p. = 61-63 °C; 91% ee, [α]D

20 = -39.5° (c 1.05, CHCl3); 1H NMR (400 
MHz, CDCl3) δ = 7.65 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 3.92-3.89 (m, 2H), 
3.65-3.61 (m, 4H), 3.29 (t, J = 11.6 Hz, 2H), 2.03-1.96 (m, 1H), 1.73-1.54 (m, 4H), 
1.43-1.25 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ = 173.9, 138.5, 137.7, 129.8, 
92.8, 67.7, 67.7, 52.1, 47.8, 40.2, 32.9, 32.5 ppm; HRMS-EI (m/z) M+ calcd. for 
C15H19O3I. 374.0379 found 374.0375. HPLC condition for corresponding dehalogenated 
methyl ester: Chiralcel AD-H column (hexane : isopropanol = 99 : 1, flow rate = 1.0 
mL/min, UV detection at λ = 230 nm) tR = 9.8 min (minor), tR = 12.0 min (major). 
 
(R)-Methyl 2-(4-(methylsulfonyl)phenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate 
(3i)S8 
white solid, M.p. = 143-145 °C; 91% ee, [α]D

20 = -41.1° (c 0.87, CHCl3); 1H NMR (400 
MHz, CDCl3) δ = 7.91 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 3.94-3.91 (m, 2H), 
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3.62-3.78 (m, 1H), 3.68 (s, 3H), 3.30 (t, J = 11.2 Hz, 2H), 3.06 (s, 3H), 2.10-2.05 (m, 1H), 
1.77-1.72 (m, 2H), 1.60-1.58 (m, 2H), 1.40-1.25 (m, 2H) ppm; 13C NMR (100 MHz, 
CDCl3) δ = 173.3, 145.1, 139.5, 128.9, 127.8, 67.6, 67.6, 52.3, 48.2, 44.4, 40.3, 32.8, 
32.6, 32.5 ppm; HRMS-EI (m/z) M+ calcd. for C16H22O5S. 326.1188 found 326.1186. 
HPLC condition for corresponding methyl ester: Chiralcel OD-H column (hexane : 
isopropanol = 80 : 20, flow rate = 1.0 mL/min, UV detection at λ = 230 nm) tR = 24.4 
min (minor), tR = 27.8 min (major).  
 
(R)-Methyl 2-(4-(cyclopropylsulfonyl)phenyl)-3-(tetrahydro-2H-pyran-4-yl) 
propanoate (3j)S8 

yellow solid, M.p. = 54-56 °C; 89% ee, [α]D
20 = -28.1° (c 0.40, CHCl3); 1H NMR (400 

MHz, CDCl3) δ = 7.86 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 3.94-3.91 (m, 2H), 
3.79 (t, J = 8.0 Hz, 1H), 3.68 (s, 3H), 3.30 (t, J = 12.6 Hz, 2H), 2.48-2.44 (m, 1H), 
2.12-2.04 (m, 1H), 1.77-1.58 (m, 6H), 1.06-1.02 (m, 2H), 0.88-0.82 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 173.4, 144.7, 139.7, 128.8, 128.0, 67.7, 67.6, 52.3, 48.2, 
40.4, 32.8, 32.7, 32.6, 29.6, 5.9 ppm; HRMS-EI (m/z) M+ calcd. for C18H24O5S. 352.1344 
found 352.1349. HPLC condition for corresponding methyl ester: Chiralcel OD-H 
column (hexane : isopropanol = 80 : 20, flow rate = 0.7 mL/min, UV detection at λ = 230 
nm) tR = 32.8 min (minor), tR = 36.1 min (major).  
 
(-)-Methyl 2-(4-(methylthio)phenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (3k) 
yellow solid, M.p. = 79-81 °C; 94% ee, [α]D

20 = -32.4° (c 0.45, CHCl3); 1H NMR (400 
MHz, CDCl3) δ = 7.21 (s, 4H), 3.92-3.90 (m, 2H), 3.66-3.62 (m, 4H), 3.29 (t, J = 11.6 Hz, 
2H), 2.47 (s, 3H), 2.03-1.96 (m, 1H), 1.75-1.55 (m, 3H), 1.41-1.21 (m, 3H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 174.3, 137.4, 135.6, 128.3, 126.8, 67.8, 67.7, 52.0, 47.7, 
40.3, 33.0, 32.6, 32.6, 15.7 ppm; HRMS-EI (m/z) M+ calcd. for C16H22O3S. 294.1290 
found 294.1294. HPLC condition for corresponding sulfone methyl ester after oxidation 
with mCPBA: Chiralcel AD-H column (hexane : isopropanol = 80 : 20, flow rate = 1.0 
mL/min, UV detection at λ = 230 nm) tR = 24.5 min (minor), tR = 28.1 min (major).  
 
(R)-Methyl 2-(4-(cyclopropylthio)phenyl)-3-(tetrahydro-2H-pyran-4-yl)propanoate 
(3l)S10 
pale yellow oil, 95% ee, [α]D

20 = -45.8° (c 0.52, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 
7.31 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 3.93-3.90 (m, 2H), 3.65-3.62 (m, 4H), 
3.30 (t, J = 11.6 Hz, 2H), 2.19-2.14 (m, 1H), 2.04-1.97 (m, 1H), 1.75-1.68 (m, 1H), 
1.60-1.56 (m, 2H), 1.43-1.25 (m, 3H), 1.08-1.05 (m, 2H), 0.69-0.67 (m, 2H) ppm; 13C 
NMR (100 MHz, CDCl3) δ = 174.4 137.9, 135.5, 128.2, 126.6, 67.8, 67.7, 52.0, 47.7, 
40.3, 32.9, 32.6, 32.6, 11.9, 8.4 ppm; HRMS-EI (m/z) M+ calcd. for C18H24O3S. 320.1439 
found 320.1442. HPLC condition for corresponding sulfone methyl ester after oxidation 
with mCPBA: Chiralcel OD-H column (hexane : isopropanol = 80 : 20, flow rate = 0.7 
mL/min, UV detection at λ = 230 nm) tR = 26.7 min (minor), tR = 29.0 min (major).  
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Table S1. Optimization of reaction conditions for the asymmetric hydrogenation of acid 
1a catalyzed by Ir(I) complex of (R,S)-2aa 

O

OH

O

1 eq NEt3, Solvent
50oC, 20 h O

OH

O

H2

Ir(I)/(R,S)-2a, S/ C = 100

1a 3a

 

entry Solvent [sub] (M) PH2 (atm) conv. (%)b  ee (%)c  
1 Toluene 0.1 30 43 71 (-) 
2 DCE 0.1 30 41 91 (-) 
3 THF 0.1 30 87 95 (-) 
4 EA 0.1 30 35 92 (-) 
5 MeOH 0.1 30 92 93 (-) 
6 MeOH 0.2 30 84 93 (-) 
7 MeOH 0.05 30 92 93 (-) 
8 EtOH 0.1 30 92 93 (-) 
9 i-PrOH 0.1 30 92 93 (-) 
10 MeOH 0.1 10 91 93 (-) 
11d MeOH 0.1 30 61 92 (-) 

a Reaction condition: 0.1 mmol scale, [substrate] = 0.1 mol L-1 in solvent, s/c = 100. 
b Determined by 1H NMR. c Determined by chiral HPLC analysis of the corresponding 
methyl ester on Chiralcel AD-H column. d Reaction temperature is 30°C. 
 
Table S2. Optimization of addatives for the asymmetric hydrogenation of acid 1a 
catalyzed by Ir(I) complex of (R,S)-2aa 

O

OH

O

base, MeOH
50oC, 20 h O

OH

O

H2

Ir(I)/(R,S)-2a , S/ C = 100

30 atm

1a 3a  
entry base [base] (eq.) conv. (%)b  ee (%)c  

1 Et3N 1 92 93 (-) 
2 DIPEA 1 74 93 (-) 
3 Pyridine 1 trace N.D. 
4 Me3N 1 75 93 (-) 
5 NaHCO3 1 trace N.D. 
6 K2CO3 1 trace N.D. 
7 Cs2CO3 1 trace N.D. 
8 KOH 1 63 92 (-) 
9 Et3N 0.5 90 93 (-) 

10 Et3N 2 40 92 (-) 
a Reaction condition: 0.1 mmol scale, [substrate] = 0.1 mol L-1 in MeOH, s/c = 100. 
b Determined by 1H NMR. c Determined by chiral HPLC analysis of the corresponding 
methyl ester on Chiralcel AD-H column.  
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NMR data for new compounds 
Ligand (R,S)-2f 
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Ligand (R,S)-2g 
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Ligand (R,S)-2h 
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Ir(I)/(R,S)-2f (R = iBu, Ar = o-Tol) 
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Ir(I)/(R,S)-2g (R = iBu, Ar = 3.5-Xyl) 
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Ir(I)/(R,S)-2h (R = Ph, Ar = o-Tol) 
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Compound 1a 
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Compound 1e 
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Compound 1g 
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Compound 1h 
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Compound 3a 
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Compound 3f 
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Compound 3g 
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Compound 3h 
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HPLC Chromatograms for the asymmetric hydrogenation reactions 
Reaction of 1a 
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Reaction of 1b 
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Reaction of 1c 
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Reaction of 1d 
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Reaction of 1e 

 
 
 
 

 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



Reaction of 1f 
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Reaction of 1g 
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Reaction of 1h 
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Reaction of 1i 
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Reaction of 1j 
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Reaction of 1k 
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Reaction of 1l 
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