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1. Characterization data of compounds 

(S)-3-(4-Methoxyphenyl)-5-oxo-4,5-diphenylpentanal (1). White solid, mp 116-

119 ºC (hexane), (75 mg, 0.209 mmol, 50%), (84% ee). Syn:anti 1:2. 1H-NMR (500 

MHz, CDCl3) δ 9.59 (dd, J = 2.8, 1.5 Hz, 0.3H, CHOsyn), 9.40 (dd, 

J = 2.5, 1.6 Hz, 0.7H, CHOanti), 8.01 – 7.92 (m, 0.7H), 7.83 – 7.77 

(m, 1.4H), 7.53 – 7.26 (m, 7H), 7.09 (td, J = 7.0, 2.9 Hz, 1.8H), 

6.93 (d, J = 8.7 Hz, 1H), 6.80 – 6.76 (m, 1.4H), 6.67 (d, J = 8.7 

Hz, 0.7H), 4.95 (d, J = 10.6 Hz, 0.7H, CHPhanti), 4.80 (d, J = 10.5 

Hz, 0.3H CHPhsyn), 4.22 (td, J = 10.2, 4.8 Hz, 0.7H, 

CHC6H4OMeanti), 4.09 (td, J = 10.0, 4.6 Hz, 0.3H, CHC6H4OMesyn), 3.73 (s, 2H, 

CH3Oanti), 3.71 (s, 1H, CH3Osyn), 2.93 – 2.78 (m, 0.6H), 2.62 – 2.48 (m, 1.4H). 13C-

NMR (126 MHz, CDCl3) δ 201.3, 201.4, 199.4, 198.5, 158.4, 158.3, 137.0 136.8, 

136.7, 134.1, 133.3, 132.9, 132.6, 129.4, 129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 

128.6, 128.5, 128.4, 128.0, 127.2, 114.1, 113.8, 59.74, 59.32, 55.22, 55.18, 48.25, 

47.92, 43.31, 42.58. IR 2938, 1710, 1673, 1512, 1245, 695 cm-1. HPLC (Chiralpak 

AD-H (hexane/iPrOH = 90:10) 1.0 mLmin-1 λ = 254 nm) tR = 31.8 (minor), tR = 33.2 

(major). HRMS C24H23O3 (M+H) Calc: 359.1642; Found: 359.1645. 

(S)-3-(2-Nitrophenyl)-5-oxo-4,5-diphenylpentanal (2). Yellow oil, (93 mg, 0.250 

mmol, 60%), (58% ee). Syn:anti 1:2. 1H-NMR (500 MHz, CDCl3) δ 9.67 (s, 0.3H, 

CHOsyn), 9.45 (s, 0.7H, CHOanti), 7.85 (dd, J = 68.9, 7.9 Hz, 3H), 

7.30 (m, 11H), 5.16 (d, J = 10.1 Hz, 0.7H, CHPhanti), 5.07 (d, J = 

9.7 Hz, 0.3H, CHPhsyn), 4.85 (m, 0.3H CHC6H4NO2syn), 4.75 (m, 

0.7H CHC6H4NO2anti), 3.03 (dd, J = 8.5, 2.7 Hz, 0.7H), 2.78 (dd, 

J = 16.9, 4.3 Hz, 0.7H), 2.60 (dd, J = 16.4, 8.1 Hz, 0.6H). 13C-

NMR (126 MHz, CDCl3) δ 200.5, 197.4, 150.6, 150.5, 136.9, 136.5, 136.1, 135.9, 

135.7, 135.4, 133.3, 133.1, 132.7, 132.4, 129.5, 129.0, 128.9, 128.7, 128.6, 128.5, 

128.4, 128.3, 127.6, 127.5, 124.7, 124.4, 124.3, 58.4, 58.00, 47.46, 47.08, 29.66, 

30.91. IR 3066, 3023, 1720, 1672, 1518, 1352, 701 cm-1. HPLC (Chiralpak AD-H 

(hexane/iPrOH = 90:10) 0.5 mLmin-1 λ = 254 nm) tR = 74.1 (minor), tR = 77.4 (major). 

HRMS C23H20NO4 (M+H) Calc: 374.1387; Found: 374.1390.  

(S)-5-Oxo-3,4,5-triphenylpentanal (3). 1 White solid, mp 181-184 ºC (hexane), (76 

mg, 0.23 mmol, 55%), (72% ee). Syn:anti 1:3. 1H-NMR (500 

MHz, CDCl3) δ (syn 9.59 (dd, J = 12.7, 10.6 Hz, 0.3), 9.39 (s, 

0.7H), 8.13 – 7.91 (m, 1H), 7.78 (dd, J = 8.3, 1.0 Hz, 1.5H), 7.43 

(dd, J = 12.5, 5.1 Hz, 2H), 7.42 – 7.38 (m, 1H), 7.38 – 7.30 (m, 

3.5H), 7.30 – 7.27 (m, 1H), 7.29 – 7.17 (m, 3H), 7.12 (t, J = 7.4 

Hz, 1H), 7.10 – 7.03 (m, 0.7H), 7.03 – 7.00 (m, 0.3H), 4.99 (d, 

J = 10.6 Hz, 0.7H, CHPhanti), 4.83 (d, J = 10.5 Hz, 0.3H, CHPhsyn), 4.26 (td, J = 10.1, 

4.9 Hz, 0.7H, CH2CHPhanti), 4.12 (d, J = 6.9 Hz, 0.3H, CH2CHPhsyn), 2.63 (dd, J = 
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9.6, 2.5 Hz, 0.3H), 2.59 (dd, J = 9.6, 2.5 Hz, 0.7H), 2.54 (dd, J = 4.9, 1.5 Hz, 0.3H), 

2.51 (dd, J = 4.9, 1.5 Hz, 0.7H). 13C-NMR (126 MHz, CDCl3) δ 201.2, 201.0, 198.4, 

142.1, 137.0, 136.6, 133.3, 132.9, 129.4, 129.1, 128.9, 128.5, 128.4, 128.1, 127.2, 

127.0, 126.8, 59.61, 59.07, 48.17, 47.86, 44.09, 43.38. IR 3060, 3034, 1713, 1671, 

1499, 1447, 695 cm-1. HPLC (Chiralpak AD-H (hexane/iPrOH = 95:5) 1.0 mLmin-1 λ 

= 254 nm) tR = 31.6 (minor), tR = 33.1 (major). HRMS C23H21O2 (M+H) Calc: 

329.1536; Found: 329.1540.  

(3S,4R)-5-Oxo-3,4-diphenylheptanal (4).2 White solid, mp 95-98 ºC (hexane), (61 

mg, 0.217 mmol, 52%).  []D25 = + 9.2 (c = 1, CHCl3, 62% ee). 
1H- NMR (500 MHz, CDCl3) δ 9.37 (dd, J = 2.5, 1.6 Hz, 1H), 

7.37 (s, 1H), 7.36 (s, 2H), 7.33 (d, J = 4.4 Hz, 1H), 7.32 – 7.29 

(m, 4H), 7.27 (d, J = 0.5 Hz, 1H), 7.21 (dt, J = 5.5, 4.0 Hz, 1H), 

4.08 – 4.03 (m, 2H), 2.60 – 2.52 (m, 1H), 2.44 – 2.37 (m, 1H), 

2.35 – 2.28 (m, 1H), 2.02 – 1.95 (m, 1H), 0.72 (t, J = 7.3 Hz, 

3H); 13C-NMR (126 MHz, CDCl3) δ 209.3, 200.8, 141.8, 136.2, 129.2, 128.9, 128.8, 

128.7, 128.5, 128.3, 128.2, 128.1, 128.0, 127.0, 64.13, 47.57, 42.62, 36.70, 7.38. IR 

3034, 2938, 1710, 1496, 1454, 696 cm-1. HPLC (Chiralcel OJ-H (hexane/iPrOH = 

95:5) 1.0 mLmin-1 λ = 220 nm) tR = 24.3 (major); tR = 27.4 (minor). HRMS C19H21O2 

(M+H), Calc: 281.1536, Found: 281.1536.  

(3S,4R)-3-(4-Methoxyphenyl)-5-oxo-4-phenylheptanal (5). White solid, mp 100-

109 ºC (hexane), (65 mg, 0.209 mmol, 50%). []D20 = + 6.2 (c = 1, 

CHCl3, 76% ee). 1H-NMR (500 MHz, CDCl3) δ 9.34 (s, 1H), 7.41 

(d, J = 15.8 Hz, 2H), 7.35 (s, 1H), 7.21 (d, J = 8.3 Hz, 2H), 6.82 (d, 

J = 8.3 Hz, 2H), 6.59 (dd, J = 15.8, 7.7 Hz, 2H), 4.00 (d, J = 2.9 

Hz, 2H), 3.75 (s, 3H), 2.50 (dd, J = 10.8, 7.8 Hz, 1H), 2.38 – 2.26 

(m, 2H), 2.03 – 1.94 (m, 1H), 0.71 (t, J = 7.1 Hz, 3H); 13C-NMR 

(126 MHz, CDCl3) δ 209.5, 201.1, 162.2, 158.4, 152.7, 136.4, 

133.7, 129.1, 129.0, 128.8, 128.0, 126.8, 126.6, 114.1, 64.37, 55.19, 47.63, 41.87, 

36.77, 7.41. IR 2943, 2842, 1710, 1662, 1598, 1507, 1254, 824 cm-1. HPLC 

(Chiralpak AD-H (hexane/iPrOH = 90:10) 1.0 mLmin-1 λ = 254 nm) tR = 12.1 (major); 

tR = 14.2 (minor). HRMS C20H23O3 (M+H) Calc: 311.1642; Found: 311.1638.  

(3S,4R)-5-Oxo-3,4,6-triphenylhexanal (6).2 White solid, mp 119-121 ºC (hexane), 

(93 mg, 0.272 mmol, 65%). []D20 = - 68.1 (c = 1, CHCl3, 62% 

ee). 1H-NMR (500 MHz, CDCl3) δ 9.33 (s, 1H), 7.55 – 7.17 (m, 

13H), 6.71 (d, J = 6.3 Hz, 2H), 4.13 (d, J = 11.1 Hz, 1H), 4.05 

(dd, J = 10.1, 4.1 Hz, 1H), 3.38 (q, J = 15.7 Hz, 2H), 2.50 (dd, 

J = 14.8, 10.2 Hz, 1H), 2.35 (dd, J = 16.9, 3.0 Hz, 1H); 13C-

NMR (126 MHz, CDCl3) δ 205.7, 200.7, 2C (141.5), 

2C(135.8), 2C(133.2), 2C(129.5), 129.2, 129.0, 128.7, 128.6, 128.5, 128.1, 128.1, 
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127.1, 126.9, 126.8, 62.75, 50.23, 47.51, 42.60. IR 3055, 3028, 1704, 1491, 1454, 

701 cm-1. HPLC (Chiralpak AD-H (hexane/iPrOH = 97:3) 0.7 mLmin-1 λ = 220 nm) tR 

= 35.4 (minor); tR = 37.8 (major). HRMS C24H23O2 (M+H), Calc: 343.1693, Found: 

343.1 692.  

(3S,4R)-3-(4-Methoxyphenyl)-5-oxo-4,6-diphenylhexanal (7).2 White solid, mp 

83-85 ºC (hexane), (81 mg, 0.217 mmol, 52%). [α]D20 = - 66.4 (c 

= 1, CH2Cl2, 70% ee). 1H-NMR (500 MHz, CDCl3) δ 9.32 (dd, J 

= 2.4, 1.3 Hz, 1H), 7.37 – 7.34 (m, 2H), 7.31 – 7.29 (m, 2H), 

7.19 – 7.15 (m, 4H), 7.09 (d, J = 8.7 Hz, 2H), 6.78 (d, J = 8.6 

Hz, 2H), 6.75 – 6.72 (m, 2H), 4.09 (d, J = 11.1 Hz, 1H), 4.01 (dd, 

J = 10.5, 4.5 Hz, 1H), 3.79 (s, 3H), 3.38 (d, J = 6.6 Hz, 2H), 2.46 

(ddd, J = 16.7, 10.2, 2.7 Hz, 1H), 2.32 (ddd, J = 16.7, 4.4, 1.2 

Hz, 1H); 13C-NMR (126 MHz, CDCl3) δ 205.9, 201.0, 158.4, 2C(135.9), 2C(133.4), 

2C(133.2), 129.5, 129.4, 129.2, 129.1, 129.0, 128.7, 128.5, 128.1, 127.1, 126.8, 

114.0, 63.03, 55.22, 50.30, 47.55, 41.84. IR 3023, 2906, 1715, 1512, 1496, 1251, 

696 cm-1. HPLC (Chiralpak AD-H (hexane/iPrOH = 90:10) 1.0 mLmin-1 λ = 220 nm) 

tR = 16.4 (major); tR = 21.2 (minor). HRMS C25H25O3 (M+H), Calc: 373.1798, Found: 

373.1798. 

(3S)-3-Methyl-5-oxo-5-phenyl-4-(phenylsulfonyl)pentanal (8).3 Yellow oil, (63 

mg, 0.19 mmol, 45%), [α]D20 = - 8.25 (c = 1, CH2Cl2, 66% ee). Syn:anti 1:1. 1H-NMR 

(500 MHz, CDCl3) δ 9.82 (s, 0.5H, CHOanti), 9.67 (d, J = 0.7 Hz, 

0.5H, CHOsyn), 7.58 (m, 10H), 5.50 (d, J = 9.4 Hz, 0.5H), 5.30 

(d, J = 0.8 Hz, 0.5H), 3.06 (m, 2.5H), 2.49 (m, 0.5H), 1.29 (d, J 

= 7.0 Hz, 1.5H), 1.05 (d, J = 6.9 Hz, 1.5H). 13C-NMR (126 MHz, 

CDCl3) δ 200.6, 200.5, 193.2, 193.1, 138.1, 137.7, 137.0, 137.2, 134.1, 134.0, 133.9, 

129.5, 129.4, 129.0, 128.9, 128.8, 128.7, 128.6, 128.5, 72.5, 71.6, 47.4, 47.3, 29.1, 

28.7, 18.9, 18.5. IR 3065, 2932, 1720, 1677, 1309, 1149, 743 cm-1. HPLC (Chiralpak 

AD-H (hexane/iPrOH = 40:60) 0.5 mLmin-1 λ = 220 nm) tR = 16.8 (minor); tR = 18.4 

(major). HRMS C18H19SO4 (M+H) Calc: 331.0999; Found: 331.1000.  

(3S)-3-Ethyl-5-oxo-5-phenyl-4-(phenylsulfonyl)pentanal (9).4 Yellow oil (65 mg, 

0.19 mmol, 45%), ([α]D20 = - 7.25 (c = 1, CH2Cl2,66% ee). 

Syn:anti 1:1. 1H-NMR (500 MHz, CDCl3) δ 9.85 (s, 0.5H), 9.71 

(s, 0.5H), 7.60 (m, 10H), 5.61 (d, J = 9.4 Hz, 0.5H), 5.36 (d, J = 

5.0 Hz, 0.5H), 3.24 (ddd, J = 19.1, 10.0, 4.8 Hz, 1H), 3.10 (dd, J 

= 19.1, 3.8 Hz, 0.5H), 2.92 (m, 0.5H), 2.82 (d, J = 5.3 Hz, 0.5H), 

2.52 (dd, J = 18.9, 7.8 Hz, 0.5H), 1.52 (m, 2H), 0.88 (t, J = 7.4 Hz, 1.5H), 0.82 (t, J 

= 7.4 Hz, 1.5H); 13C-NMR (126 MHz, CDCl3) δ 201.0, 200.8, 193.3, 193.0, 138.3, 

137.9, 137.3, 137.1, 134.2, 134.1, 133.9, 134.0, 129.5, 129.3, 129.1, 128.9, 128.8, 

128.7, 128.5, 128.4, 70.76, 70.09, 44.55, 42.82, 35.38, 34.52, 25.65, 24.29, 11.50, 
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11.27. IR 3066, 2938, 1720, 1678, 1310, 1149, 744 cm-1. HPLC (Chiralpak AD-H 

(hexane/iPrOH = 40:60) 0.5 mLmin-1 λ = 220 nm) tR = 60.6 (major) tR = 66.4 (minor) 

HRMS C19H21SO4 (M+H) Calc: 345.1155; Found: 345.1156.  

(2S,3S)-Ethyl-2-acetyl-5-oxo-3-phenylpentanoate (10).5 Yellow oil, (77 mg, 0.294 

mmol, 70%). []D20 = + 8.5 (c = 1, CH2Cl2, 28% ee). 1H-NMR 

(500 MHz, CDCl3) δ 9.54 (m, 1H), 7.22 (m, 5H), 3.99 (m, 2H), 

3.89 (dd, J = 3.4, 2.8 Hz, 1H), 3.86 (d, J = 0.7 Hz, 1H), 2.80 (m, 

1H), 2.75 (m, 1H), 2.22 (d, J = 0.5 Hz, 3H), 0.93 (td, J = 7.1, 0.7 

Hz, 3H). 13C-NMR (126 MHz, CDCl3) δ 201.8, 200.3, 167.6, 

140.0, 128.6, 128.3, 128.1, 128.0, 127.4, 65.28, 61.46, 47.57, 

38.95, 29.76, 13.65. IR 2975, 2927, 1710, 1619, 1368, 1272, 1074, 1016, 760, 701 

cm-1. HPLC (Chiralpak AD-H (hexane/iPrOH = 95:5) 1.0 mLmin-1 λ = 254 nm) tR = 

15.6 (major); tR = 17.7 (minor). HRMS C15H19O4 (M+H) Calc: 263.1278; Found: 

263.1279.  

Ethyl (2S,3S)-2-acetyl-3-(4-methoxyphenyl)-5-oxopentanoate (11). Yellow oil, 

(53 mg, 0.18 mmol, 43%).  []D20 = + 19.9 (c = 1, CH2Cl2, 94% ee). 
1H-NMR (400 MHz, CDCl3) δ 9.63 – 9.50 (m, 1H), 7.15 (ddd, J = 

6.3, 4.7, 2.8 Hz, 2H), 6.84 – 6.80 (m, 2H), 4.29 – 4.10 (m, 2H), 3.95 

– 3.92 (m, 1H), 3.87 (dd, J = 10.4, 2.9 Hz, 1H), 3.77 (d, J = 2.0 Hz, 

3H), 2.85 – 2.78 (m, 1H), 2.78 – 2.72 (m, 1H), 2.33 – 2.17 (m, 3H), 

1.27 (s, 3H); 13C-NMR (126 MHz, CDCl3) δ 201.9, 200.5, 167.6, 

158.7, 131.9, 129.1, 129.1, 128.4, 114.0, 65.53, 61.45, 55.17, 

47.68, 38.24, 29.78, 13.75. IR 2932, 2836, 1720, 1614, 1512, 1283, 1245, 1176, 

1021, 834, 733 cm-1. HPLC (Chiralpak AD-H (hexane/iPrOH = 95:5) 1.0 mLmin-1 λ = 

254 nm) tR = 23.0 (minor); tR = 25.9 (major). HRMS C16H21O5 (M+H) Calc: 293.1384; 

Found: 293.1381.  

(S)-4-Acetyl-5-oxo-3-phenylhexanal (12).6 White solid, mp 88-87 ºC (hexane), (39 

mg, 0.168 mmol, 40%).  [α]D25 = + 23.1 (c = 0.6, CHCl3, 89% ee). 1H-NMR (500 MHz, 

CDCl3) δ 9.56 (dd, J = 2.1, 1.3 Hz, 1H), 7.26 (m, 5H), 4.20 (d, J = 11.0 

Hz, 1H), 4.05 (s, 1H), 2.71 (m, 2H), 2.23 (s, 3H), 1.87 (s, 3H). 13C-

NMR (126 MHz, CDCl3) δ 30.0, 30.3, 40.0, 48.0, 74.4, 127.8, 

2C(128.0), 2C(129.2), 139.8, 200.1, 202.6, 202.9 IR. 3394, 3029, 

2836, 2737, 1682, 1358, 1165, 706 cm-1 HPLC (Chiralcel OJ-H 

hexane/iPrOH 90 = 10; 1.0 mL/min λ = 220nm); tR = 16.4 min (minor); tR = 20.8.min 

(major). HRMS C14H17O3 (M+H) Calc: 233.1172; Found: 233.1169.  
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(S)-4-Acetyl-3-(4-methoxyphenyl)-5-oxohexanal compound with 1-((4R)-2-

hydroxy-4-(4-methoxyphenyl)-6-methyl-3,4-dihydro-2H-pyran-5-yl)ethanone 

(13). White solid, mp 77-80 ºC (hexane), (55 mg, 0.21 

mmol, 50%). [α]D25 = + 42.0 (c = 0.6, CHCl3, 80% ee). 
1H-NMR (500 MHz, CDCl3) δ 9.54 (m, 0.5H), 7.09 (m, 

2H), 6.82 (m, 2H), 5.13 (d, J = 8.2 Hz, 0.5H), 4.92 (m, 

0.5H), 4.47 (s, 1H), 4.15 (d, J = 11.0 Hz, 0.5H), 4.00 

(m, 1H), 3.77 (m, 2H), 3.24 (m, 0.5H), 2.90 (d, J = 11.9 Hz, 0.5H), 2.66 (ddd, J = 6.9, 

6.1, 1.8 Hz, 1H), 2.25 (m, 3H), 1.86 (t, J = 55.1 Hz, 3H). 13C-NMR (126 MHz, CDCl3) 

δ 214.6, 202.9, 202.8 202.0, 200.3, 159.0, 133.3, 131.6, 129.2, 128.8, 128.4, 114.6, 

114.3, 95.4, 74.5, 68.8, 62.3 55.3, 48.1, 41.1, 39.1, 37.5, 36.2, 33.2, 31.0, 30.3, 29.9, 

29.0, 28.6, 20.8. IR 3449, 2993, 2929, 2834, 2745, 1684, 1610, 1511 cm-1. HPLC 

(Chiralcel OJ-H hexane/iPrOH 90 = 10; 1.0 mL/min λ = 220nm); tR = 20.7 min (minor); 

tR = 24.6.min (major). HRMS C15H18O4Na (M+Na) Calc: 285.1097; Found: 285.1098. 

 (2R,3S)-1,2,3-triphenylpentan-1-one (19).7 White solid, mp 166-168 ºC (hexane). 

[]D25 = - 8.8 (c = 1, CH2Cl2), (21 mg, 0.068 mmol, 50%). 1H-

NMR (500 MHz, CDCl3) δ 7.29 (m, 15H), 4.84 (d, J = 10.9 Hz, 

1H), 3.39 (td, J = 10.6, 4.2 Hz, 1H), 1.35 (m, 2H), 0.53 (t, J = 7.3 

Hz, 3H). 13C-NMR (126 MHz, CDCl3) δ 199.6, 143.5, 2C(138.0), 

137.6, 132.6, 129.2, 129.0, 128.8, 128.7, 128.5, 128.4, 128.3, 128.35, 127.4, 126.3, 

60.0, 50.5, 26.5, 11.8.IR 3055, 2960, 2925, 2855, 1675, 1540, 1400, 695 cm-1. 

HPLC (Chiralpak AD-H hexano/iPrOH 97 = 3; 0.7 mL/min λ = 254nm); tR = 13.4 min 

(minor); tR = 14.7.min (major).  
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2. NMR Spectra for new compounds 
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