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Shuichi Nakamura,* Kengo Hyodo, Yuko Nakamura, Norio Shibata, and Takeshi Toru* 

Department of Applied Chemistry, Graduate School of Engineering,  

Nagoya Institute of Technology, Gokiso, Showa-ku, Nagoya 466-8555, Japan 

General. All reactions were performed in oven-dried glassware under a positive pressure of 
nitrogen. Solvents were transferred via syringe and were introduced into the reaction vessels 
though a rubber septum. All of the reactions were monitored by thin-layer chromatography (TLC) 
carried out on 0.25 mm Merck silicagel (60-F254).  The TLC plates were visualized with UV 
light and 7% phosphomolybdic acid or p-anisaldehyde in ethanol/ heat. Column chromatography 
was carried out on a column packed with silicagel 60N spherical neutral size 63-210 μm. The 
1H-NMR (200 MHz), 19F-NMR (188 MHz), and 13C-NMR (151 MHz) spectra for solution in 
CDCl3, were recorded on a Varian Gemini-200 or Bruker AVANCE600. Chemical shifts (δ) are 
expressed in ppm downfield from internal TMS, CFCl3 or CHCl3.  HPLC analyses were 
performed on a JASCO PU-2080 Plus or SHIMADZU LC-2010A HT using 4.6 x 250 mm 
CHIRALCEL OJ-H, OD-H, AD-H, CHIRALCEL IC column.  Mass spectra were recorded on a 
SHIMADZU GCMS-QP5050A.  APCI Mass spectra were recorded on a SHIMADZU 
LCMS-2050EV.  Optical rotations were measured on a HORIBA SEPA-300.  Infrared spectra 
were recorded on a JASCO FT/IR-200 spectrometer.  



2 

 
The preparation of Phebim ligand. 
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Typical Procedure for the preparation of Phebim ligand. 
1,5-Bis[(4S,5S)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene  

To a solution of (−)-diphenylethylenediamine (6.3 g, 29.8 mmol) 
and benzene-1,3-dicarbaldehyde (2.0 g, 14.9 mmol) in CH2Cl2 
(280 mL) was slowly added a solution of N-bromosuccinimide 
(5.3 mg, 29.8 mmol) in CH2Cl2 (150 mL) at 0 oC, and the mixture 
was stirred overnight at room temperature.  Saturated aqueous 

NaHCO3 solution (300 mL) was added, and the mixture was extracted with CH2Cl2.  The 
combined organic extracts were washed with brine, dried over Na2SO4, and concentrated under 
reduced pressure to leave a residue that was purified by recrystallization from ethyl acetate to give 
the crude (5.21 g). The purification of the mother liquid by column chromatography (hexane/ethyl 
acetate 20:80 with 1% of Et3N) gave further crop of 
1,5-bis[(4S,5S)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2.18 g, total 96%) as a white 
solid.  [α]21

D −39.5 (c 0.70, CHCl3); 1H NMR (CDCl3) δ 4.92 (br, 4H, CH), 5.58 (br, 2H, NH), 
7.16-7.37 (m, 20H, Ar), 7.55 (t, J = 8.0 Hz, 1H, ArH), 8.10 (dd, J = 1.6, 7.8 Hz, 2H, ArH), 8.48 (s, 
1H, ArH); 13C NMR (CDCl3) δ 126.1, 126.6, 127.5, 128.7, 128.9, 129.9, 130.5, 143.2, 162.3; 
IR(KBr) 3030, 1507, 1490, 1456, 761, 698, 552 cm-1; MS (APCI): 519.35 (M+).  
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1,5-Bis[(4S,5S)-1-(p-toluenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2c). 
To a solution of 
1,5-bis[(4S,5S)-4,5-diphenyl-4,5-dihydro-1H-imidazol

-2-yl]benzene (500 mg, 0.97 mmol), DMAP (353 mg, 
2.89 mmol) in CH2Cl2 (30 mL) was added 
p-toluenesulfonyl chloride (552 mg, 2.89 mmol) at 0 

oC, and the mixture was stirred for 3 h.  Saturated aqueous NH4Cl was added, and the mixture 
was extracted with CH2Cl2.  The combined organic extracts were washed with brine, dried over 
Na2SO4, and concentrated under reduced pressure to leave a residue that was purified by column 
chromatography (hexane/ethyl acetate 70:30) to give 2c (744 mg, 93%) as a white solid. [α] D

21 
149.8 (c 0.75, CHCl3); 1H NMR (CDCl3) δ 2.37 (s, 6H, CH3), 4.97 (d, J = 4.8 Hz, 2H, CH), 5.11 (d, 
J = 4.8Hz, 2H, CH), 6.65 (d, J = 8.0 Hz, 4H, Ar), 7.11–7.47 (m, 24H, Ar), 7.61 (t, J = 7.8 Hz, 1H, 
Ar), 8.12 (d, J = 7.8 Hz, 2H, Ar), 8.53 (s, 1H, Ar); 13C NMR (CDCl3) δ 21.5, 72.7, 77.8, 125.8, 
126.1, 127.2, 127.2, 128.0, 128.2, 128.6, 129.2, 130.0, 130.4, 131.1, 133.1, 133.8, 141.4, 142.3, 
144.8, 159.1; IR (KBr): 3759, 3720, 1363, 1170, 699, 662 cm-1; MS (APCI): 827.8 (M+); Anal. 
Calcd for C50Ｈ42N4O4S2: C, 72.61; H, 5.12; N, 6.77. Found: C, 72.77; H, 5.02; N, 6.52. 
 
1,5-Bis[(4S,5S)-1-(benzenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2d) 

[α]D
22 +145.9 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 4.97 (d, J 

= 5.0 Hz, 2H, CH), 5.10 (d, J = 5.0 Hz, 2H, CH), 6.64 (d, J = 
6.8 Hz, 4H, ArH), 7.08-7.24 (m, 6H, ArH), 7.34-7.64 (m, 
21H, ArH), 8.10 (d, J = 7.6 Hz, 2H, ArH), 8.50 (s, 1H, ArH); 
13C NMR (CDCl3) δ 72.7, 78.0, 125.8, 126.1, 127.3, 127.5, 

128.0, 128.3, 128.8, 129.2, 129.5, 130.4, 131.0, 133.0, 133.8, 136.9, 141.4, 142.1, 158.9; IR (KBr) 
3061, 3032, 1366, 1173, 698, 606 cm-1; MS (APCI): 799.75 (M+). 
 
1,5-Bis[(4S,5S)-1-(2,4,6-trimethylbenzenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-y
l]benzene (2e) 

[α]D
22 +104.9 (c 0.65, CHCl3); ¹H NMR (CDCl3) δ 2.16 

(s, 18H), 5.11 (d, J = 4.6 Hz, 2H), 5.20 (d, J = 4.6 Hz, 
2H), 6.68 (s, 4H), 7.16–7.21 (m, 4H), 7.25–7.39 (m, 
16H), 7.67–7.73 (m, 3H); 13C NMR (CDCl3) δ 21.0, 
22.4, 71.2, 79.1, 126.5, 126.7, 127.6, 127.9, 128.0, 
128.8, 128.8, 130.0, 130.3, 131.7, 131.9, 131.9, 140.5, 

141.2, 142.1, 143.8, 159.4; IR (KBr): 3903, 3871, 3855, 3735, 3650, 3035, 1339, 1160, 698, 661 
cm-1; MS (APCI): 883.57 (M+); Anal. Calcd for C54Ｈ50N4O4S2: C, 72.36; H, 5.74; N, 6.05. Found: 
C, 72.18; H, 5.79; N, 6.01. 
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1,5-Bis[(4S,5S)-1-(4-methoxybenzenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]be
nzene (2f) 

[α]D
22 +150.0 (c 0.72, CHCl3); ¹H NMR 

(CDCl3) δ 3.80 (s, 6H, CH3), 4.97 (d, J = 4.7 Hz, 
2H, CH), 5.11 (d, J = 4.7 Hz, 2H, CH), 
6.70-6.83 (m, 8H, ArH), 7.10-7.20 (m, 6H, ArH), 
7.36-7.52 (m, 14H, ArH), 7.60 (t, J = 7.7 Hz, 1H, 

ArH), 8.11 (d, J = 7.8 Hz, 2H, ArH), 8.49 (s, 1H, ArH); 13C NMR (CDCl3) δ 55.6, 72.7, 77.7, 
114.6, 125.8, 126.2, 127.3, 127.3, 128.2, 128.4, 128.6, 129.2, 130.2, 130.5, 131.0, 133.0, 141.6, 
142.3, 159.3, 163.8; IR (KBr): 3642, 3851, 3075, 3039, 1594, 1496, 1367, 1264, 1166, 699 cm-1; 
MS (APCI): 861.46 (M+). 
 
1,5-Bis[(4S,5S)-1-(4-nitrobenzenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzen
e (2g) 

[α]D
23 +125.1 (c 0.69, CHCl3); ¹H NMR (CDCl3) 

δ 5.10 (d, J = 3.8 Hz, 2H, CH), 5.27 (d, J = 3.8 
Hz, 2H, CH), 6.81-6.86 (m, 4H, Ar), 7.10-7.19 
(m, 6H, Ar), 7.35-7.48 (m, 10H, Ar), 7.61 (d, J = 
8.8 Hz, 4H, ArH), 7.69 (t, J = 7.9 Hz, 1H, ArH), 

8.01 (d, J = 8.6 Hz, 4H, ArH), 8.17 (d, J = 8.0 Hz, 2H, ArH), 8.46 (s, 1H, ArH); 13C NMR (CDCl3) 
δ 73.0, 76.9, 124.4, 125.2, 126.0, 127.6, 128.0, 128.3, 128.7, 128.8, 128.9, 129.5, 130.0, 133.3, 
141.1, 141.4, 142.1, 150.6, 157.9; IR (KBr): 3641, 3108, 3068, 3038, 1532, 1374, 1349, 1177, 739, 
698, 685, 626 cm-1; MS (APCI): 889.30 (M+). 
 
1,5-Bis[(4S,5S)-1-(4-trifluoromethylbenzenesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2
-yl]benzene (2h) 

[α]D
22 +129.5 (c 0.70, CHCl3); ¹H NMR (CDCl3) 

δ 5.01 (d, J = 4.2 Hz, 2H, CH), 5.21 (d, J = 4.2 
Hz, 2H, CH), 6.71 (d, J = 6.4 Hz, 4H, Ar), 
7.13-7.20 (m, 6H, Ar), 7.41–7.68 (m, 19H, Ar), 
8.17 (dd, J = 1.6, 7.8 Hz, 2H, ArH), 8.57 (s, 1H, 

ArH); 13C NMR (CDCl3) δ 73.0, 77.4, 122.9 (q, J = 273 Hz), 125.3, 126.1, 126.5 (q, J = 3.5 Hz), 
127.7, 127.7, 128.4, 128.6, 128.8, 129.4, 130.2, 131.2, 133.3, 135.4 (q, J = 33.0 Hz), 140.2, 141.3, 
141.5, 158.3; IR (KBr): 3910, 3730, 3562, 3039, 3065, 1646, 1322, 1175, 1063, 714, 698, 626 
cm-1; MS (APCI): 936.32 (M+). 
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1,5-Bis[(4S,5S)-1-[3,5-bis(trifluoromethyl)benzenesulfonyl]-4,5-diphenyl-4,5-dihydro-1H-imi
dazol-2-yl]benzene (2i) 

[α]D
22 +109.8 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 

5.17 (d, J = 4.0 Hz, 2H, CH), 5.28 (d, J = 4.0 Hz, 2H, 
CH), 6.96-7.01 (m, 4H, Ar), 7.21-7.24 (m, 6H, Ar), 
7.38-7.47 (m, 10H, Ar), 7.58 (t, J = 7.8 Hz, 1H, ArH), 
7.81-7.94 (m, 8H, ArH), 8.52 (s, 1H, ArH); 19F NMR 
(CDCl3) δ  −62.9 (s); 13C NMR (CDCl3) δ 72.8, 77.2, 

122.6 (q, J = 274 Hz), 125.2, 126.1, 127.1 (t, J = 3.5 Hz), 127.81, 127.85, 128.0, 128.9, 128.9, 
129.5, 130.4, 131.3, 132.1, 132.9 (q, J = 34.7 Hz), 140.5, 140.8, 141.1, 157.4; IR (KBr): 3078, 
3040, 1281, 1175, 1144, 697, 637 cm-1; MS (APCI): 1071.32 (M+). 
 
1,5-Bis[(4S,5S)-1-(methanesulfonyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2j) 

[α]D
23 +75.3 (c 0.72, CHCl3); ¹H NMR (CDCl3) δ 2.74 (s, 6H, CH3), 

5.26 (d, J = 3.0 Hz, 4H, CH), 7.23–7.43 (m, 20H, Ar), 7.61 (t, J = 
7.8 Hz, 1H, ArH), 8.09 (d, J = 7.8 Hz, 2H, ArH), 8.40 (s, 1H, Ar); 
13C NMR (CDCl3) δ 41.3, 72.6, 77.5, 126.1, 127.9, 128.2, 128.6, 
129.2, 129.3, 129.4, 129.5, 130.1, 130.4, 132.3, 141.2, 141.6, 

158.2; IR (KBr): 3850, 3735, 3651, 3562, 3038, 3005, 2920, 1640, 1357, 1166, 763, 699 cm-1; MS 
(APCI): 674.95 (M+); Anal. Calcd for C38Ｈ34N4O4S2: C, 67.63; H, 5.08; N, 8.30. Found: C, 67.4; 
H, 5.26; N, 8.04. 
 
1,5-Bis[(4S,5S)-1-[trifluoromethanesulfonyl]-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benz
ene (2k) 

[α]D
22 +48.4 (c 0.70, CHCl3); ¹H NMR (CDCl3) δ 5.30 (d, J = 3.8 

Hz, 2H, CH), 5.40 (d, J = 3.8 Hz, 2H, CH), 7.24-7.44 (m, 20H, Ar), 
7.63 (t, J = 7.8 Hz, 1H, ArH), 8.11 (dd, J = 1.4, 7.8 Hz, 2H, ArH), 
8.35 (s, 1H, ArH);  19F NMR (CDCl3) δ  −73.7 (s); 13C NMR 
(CDCl3) δ 73.4, 78.1, 119.3 (q, J = 324 Hz), 125.8, 125.9, 128.1, 

128.5, 129.0, 129.0, 129.2, 129.5, 130.0, 132.7, 139.6, 140.5, 155.7; IR (KBr): 3738, 3643, 3039, 
1654, 1406, 1217, 1202, 1145, 698, 634 cm-1; MS (APCI): 783.32 (M+). 
 
1,5-Bis[(4S,5S)-1-benzoyl-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2l) 

[α]D
23 +35.7 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 5.09 (d, J = 

3.1 Hz, 2H, CH), 5.19 (d, J = 3.1 Hz, 2H, CH), 7.09-7.38 (m, 
31H, Ar), 7.72 (d, J = 7.8 Hz, 2H, ArH), 8.23 (s, 1H, ArH); 
13C NMR (CDCl3) δ 72.3, 78.4, 125.6, 126.3, 127.9, 128.0, 
128.1, 128.5, 128.8, 129.0, 129.2, 130.0, 130.6, 131.2, 131.8, 

134.5, 140.3, 141.9, 160.6, 170.3; IR (KBr): 3641, 3038, 3075, 1671, 1321, 1262, 697 cm-1; MS 
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(APCI): 728.56 (M+). 
 
1,5-Bis[(4S,5S)-1-(4-methoxybenzoyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene 
(2m) 

[α]D
22 +81.6 (c 0.70, CHCl3); ¹H NMR (CDCl3) 

δ 3.74 (s, 6H, CH3), 5.09 (d, J = 2.8 Hz, 2H, 
CH), 5.16 (d, J = 2.8 Hz, 2H, CH), 6.63 (d, J = 
8.6 Hz, 4H, Ar), 7.24-7.39 (m, 25H, Ar), 7.75 (d, 
J = 7.8 Hz, 2H, ArH), 8.32 (s, 1H, ArH); 13C 

NMR (CDCl3) δ 55.3, 72.5, 78.6, 113.3, 125.5, 126.4, 126.6, 127.9, 128.0, 128.8, 129.0, 129.2, 
130.5, 130.8, 131.4, 140.4, 142.2, 161.2, 162.5, 170.1; IR (KBr): 3645, 3075, 3037, 2840, 1665, 
1604, 1310, 1257, 1171, 698 cm-1; MS (APCI): 788.51 (M+). 
 
1,5-Bis [(4S,5S)]-1-(4-nitrobenzoyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2n) 

[α]D
22 +17.6 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 

5.11 (d, J = 3.2 Hz, 2H, CH), 5.25 (d, J = 3.2 Hz, 
2H, CH), 7.23-7.47 (m, 25H, Ar), 7.72 (dd, J = 
1.6, 7.8 Hz, 2H, ArH), 7.98–8.03 (m, 5H, ArH); 
13C NMR (CDCl3) δ 72.2, 78.2, 123.3, 125.6, 

126.1, 128.3, 128.4, 128.6, 128.8, 129.2, 129.3, 129.5, 130.7, 131.1, 139.9, 140.0, 141.0, 149.3, 
159.2, 167.7; IR (KBr): 3730, 3065, 3038, 1676, 1524, 1342, 698 cm-1; MS (APCI): 818.49 (M+); 
Anal. Calcd for C50Ｈ36N6O6: C, 73.52; H, 4.44; N, 10.29. Found: C, 73.23; H, 4.53; N, 10.00. 
 
1,5-Bis[(4S,5S)-1-(4-trifluoromethylbenzoyl)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benz
ene (2o) 

[α]D
22 +58.4 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 

5.07 (d, J = 3.1 Hz, 2H, CH), 5.25 (d, J = 3.1 Hz, 
2H, CH), 7.17-7.42 (m, 29H, Ar), 7.66 (d, J = 7.8 
Hz, 2H, ArH), 8.29 (s, 1H, ArH); 19F NMR 
(CDCl3) δ −63.2 (s); 13C NMR (CDCl3) δ 72.3, 

78.4, 123.4 (q, J = 273 Hz), 125.1 (q, J = 3.8 Hz), 125.6, 126.2, 128.0, 128.2, 128.4, 128.7, 129.0, 
129.1, 129.4, 130.7, 131.0, 133.1 (q, J = 32.7 Hz), 137.8, 140.0, 141.4, 160.0, 168.7; IR (KBr): 
3077, 3035, 1675, 1322, 1130, 1066, 698 cm-1; MS (APCI): 864.52 (M+). 
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1,5-Bis[(4S,5S)-1-acetyl-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl]benzene (2p) 
[α]D

22 −47.5 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 1.95 (s, 6H, CH3), 
5.17 (d, J = 3.3 Hz, 2H, CH), 5.21 (d, J = 3.3 Hz, 2H, CH), 
7.25-7.48 (m, 20H, Ar), 7.59 (t, J = 7.7 Hz, 1H, ArH), 7.88 (d, J = 
7.7 Hz, 2H, ArH), 8.21 (s, 1H, ArH); 13C NMR (CDCl3) δ 25.0, 

70.7, 77.5, 125.5, 126.1, 128.0, 128.1, 128.3, 128.5, 129.1, 129.4, 130.6, 132.4, 140.9, 141.8, 159.4, 
168.6; IR (KBr): 3904, 3759, 3265, 3037, 1698, 1689, 1374, 1315, 699 cm-1; MS (APCI): 604.49 
(M+). 
 
1,5-Bis-([4S,5S]-4,5-diphenyl-4,5-dihydro-oxazol-2-yl)-benzene (2q)1 

[α]D
23 +11.2 (c 0.71, CHCl3); ¹H NMR (CDCl3) δ 5.25 (d, J = 7.6 

Hz, 2H, CH), 5.43 (d, J = 7.6 Hz), 7.24–7.41 (m, 20H, Ar), 7.58 (t, 
J = 7.8 Hz, 1H, Ar), 8.31 (dd, J = 1.6, 7.6 Hz, 2H, ArH), 8.83 (s, 1H, 
ArH); 13C NMR (CDCl3) δ 79.0, 89.2, 125.8, 126.7, 127.8, 128.0, 

128.5, 128.7, 128.7, 128.8, 128.9, 131.7, 140.1, 141.7, 163.3; IR (KBr): 3061, 3030, 2900, 1651, 
1261, 1064, 972, 761, 697 cm-1; MS (APCI): 521.52 (M+). 
 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(indol-3-yl)propionate [(R)-3a] 

 [α]D
22 –16.6 (c 0.73, CHCl3) [lit.2 [α]D

rt +12.3° (c 1.91, CHCl3), 83% ee]; ¹H 
NMR (CDCl3) δ 1.33 (t, J = 7.0 Hz, 3H, CH3), 4.29–4.50 (m, 2H, CH2), 4.38 
(s, 1H, OH), 7.10–7.25 (m, 2H, Ar), 7.35 (dd, J = 1.2, 6.9 Hz, 1H, Ar), 7.45 (d, 
J = 2.8 Hz, 1H), 7.89 (d, J =7.6 Hz, 1H), 8.24 (br, 1H, NH); 19F NMR δ−75.1 

(s); HPLC (Daicel Chiralcel OD-H, hexane/iPrOH (90/10), 0.50 mL/min) tR 28.9 (S) and 33.0 (R) 
min (95% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(indol-3-yl)propionate [(S)-3a] 

[α]D
22 +16.6 (c 0.43, CHCl3), 90% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-indol-3-yl)propionate [(R)-3b] 

[α]D
25 +2.6 (c 1.13, CHCl3); ¹H NMR (CDCl3) δ 1.34 (t, J = 7.2 Hz, 3H, CH3), 

2.52 (s, 3H, CH3), 3.96 (s, 1H, OH), 4.29–4.48 (m, 2H, CH2), 7.04–7.27 (m, 
3H, Ar), 7.79 (d, J = 7.6 Hz, 1H, Ar), 7.98 (br, 1H, NH); 19F NMR (CDCl3) δ 
−76.4 (s); HPLC (Daicel Chiralcel OD-H, hexane/iPrOH (90/10), 0.50 

mL/min) tR 25.1 (S) and 34.1 (R) min (60% ee). 
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(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-indol-3-yl)propionate [(S)-3b] 
[α]D

25 −1.0 (c 0.40, CHCl3), 67% ee. 
 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methyl-indol-3-yl)propionate [(R)-3c] 

[α]D
25 −3.5 (c 0.80, CHCl3); ¹H NMR (CDCl3) δ 1.35 (t, J = 7.2 Hz, 3H, 

CH3), 2.44 (s, 3H, CH3), 4.29–4.50 (m, 2H, CH2), 4.37 (s, 1H, OH), 7.03 
(dd, J = 1.0, 8.2 Hz, 1H, Ar), 7.22–7.26 (m, 1H, Ar), 7.40 (d, J = 2.8 Hz, 
1H, Ar), 7.66 (s, 1H, Ar), 8.17 (br, 1H, NH); 19F NMR (CDCl3) δ -76.5 

(s); HPLC (Daicel Chiralcel OJ-H, hexane/iPrOH (80/20), 1.0 mL/min) tR 20.0 (S) and 23.8 (R) 
min (90% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methyl-indol-3-yl)propionate [(S)-3c] 

[α]D
25 +5.9 (c 0.51, CHCl3), 93% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-fluoro-indol-3-yl)propionate [(R)-3d] 

[α]D
25 −16.0 (c 0.36, CHCl3); ¹H NMR (CDCl3) δ 1.36 (t, J = 7.0 Hz, 3H, 

CH3), 4.32–4.51 (m, 2H, CH2), 4.38 (s, 1H, OH), 6.96 (dt, J = 2.4, 8.8 Hz, 
1H, Ar), 7.24–7.31 (m, 1H, Ar), 7.50 (d, J = 2.8 Hz), 7.57 (dd, J = 2.2, 10.3 
Hz), 8.27 (br, 1H, NH); 19F NMR (CDCl3) δ −76.9 (s, 3F, CF3), −122.6 (dt, 

J = 5.6, 9.2 Hz, 1F, CF); HPLC (Daicel Chiralcel OJ-H, hexane/iPrOH (90/10), 0.50 mL/min) tR 
68.5 (S) and 73.6 (R) min (86% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-fluoro-indol-3-yl)propionate [(S)-3d] 

[α]D
25 +18.3 (c 0.78, CHCl3), 91% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-chloro-indol-3-yl)propionate [(R)-3e] 

[α]D
25 −14.4 (c 1.37, CHCl3); ¹H NMR (CDCl3) δ 1.38 (t, J = 7.2 Hz, 3H, 

CH3), 4.33–4.51 (m, 2H, CH2), 4.39 (s, 1H, OH), 7.14–7.31 (m, 2H, Ar), 
7.50 (d, J = 2.8 Hz, 1H, Ar), 7.91 (s, 1H, Ar), 8.30 (br, 1H, NH); 19F NMR 
(CDCl3) δ −77.0 (s); HPLC (Daicel Chiralcel OD-H, hexane/iPrOH (95/5), 
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0.50 mL/min) tR 51.2 (S) and 59.7 (R) min (93% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-chloro-indol-3-yl)propionate [(S)-3e] 

[α]D
25 +17.2 (c 1.17, CHCl3), 97% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-bromo-indol-3-yl)propionate [(R)-3f] 

[α]D
25 −13.0 (c 1.57, CHCl3); ¹H NMR (CDCl3) δ 1.38 (t, J = 7.0 Hz, 3H, 

CH3), 4.35–4.50 (m, 2H, CH2), 4.40 (s, 1H, OH), 7.21–7.33 (m, 2H, Ar), 
7.49 (d, J = 2.4 Hz, 1H, Ar), 8.08 (s, 1H, Ar), 8.31 (br, 1H, NH); 19F NMR 
(CDCl3) δ −77.0 (s); HPLC (Daicel Chiralcel AD-H, hexane/iPrOH 
(90/10), 0.25 mL/min) tR 57.1 (R) and 68.0 (S) min (87% ee). 

 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-bromo-indol-3-yl)propionate [(S)-3f] 

[α]D
25 +14.5 (c 0.60, CHCl3), 93% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-iodo-indol-3-yl)propionate [(R)-3g] 

[α]D
25 −9.9 (c 0.39, CHCl3); ¹H NMR (CDCl3) δ 1.37 (t, J = 7.2 Hz, 3H, 

CH3), 4.32–4.50 (m, 2H, CH2), 4.41 (s, 1H, OH), 7.10 (d, J = 8.4 Hz, 1H, 
Ar), 7.40–7.48 (m, 2H, Ar), 8.27 (s, 1H, Ar), 8.31 (br, 1H, NH); 19F NMR 
(CDCl3) δ −76.9 (s); HPLC (Daicel Chiralcel AD-H, hexane/iPrOH (90/10), 

0.25 mL/min) tR 58.7 (R) and 69.9 (S) min (87% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-iodo-indol-3-yl)propionate [(S)-3g] 

[α]D
25 +14.8 (c 0.63, CHCl3), 96% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methyl-indol-carboxylate-3-yl)propionate [(R)-3h] 

[α]D
25 −12.7 (c 0.69, CHCl3); ¹H NMR (CDCl3) δ 1.39 (t, J = 7.2, 3H, 

CH3), 3.93 (s, 3H, CH3), 4.33–4.52 (m, 2H, CH2), 4.47 (s, 1H, OH), 
7.38 (d, J = 8.6 Hz, 1H, Ar), 7.56 (d, J = 2.4 Hz, 1H, Ar), 7.93 (dd, J 
= 1.4, 8.7 Hz, 1H, Ar), 8.54 (br, 1H, NH), 8.70 (s, 1H, Ar); 19F NMR 
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(CDCl3) δ −76.9 (s); HPLC (Daicel Chiralcel OJ-H, hexane/iPrOH (85/15), 1.0 mL/min) tR 30.9 
(S) and 36.0 (R) min (51% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methyl-indol-carboxylate-3-yl)propionate [(S)-3h] 

[α]D
25 +17.1 (c 0.82, CHCl3), 80% ee. 

 
 
 

 
(2R)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methoxy-indol-3-yl)propionate [(R)-3i] 

[α]D
25 +3.5 (c 0.35, CHCl3); ¹H NMR (CDCl3) δ 1.35 (t, J = 7.0 Hz, 3H, 

CH3), 3.84 (s, 3H, OCH3), 4.27–4.51 (m, 2H, CH2), 4.37 (s, 1H, OH), 
6.84–6.90 (m, 1H, Ar), 7.25 (dd, J = 0.6, 8.8 Hz, 1H, Ar), 7.38 (dd, J = 
2.6, 11.4 Hz, 2H, Ar), 8.18 (br, 1H, NH); 19F NMR (CDCl3) δ -76.6 (s); 

HPLC (Daicel Chiralcel OD-H, hexane/iPrOH (90/10), 1.0 mL/min) tR 17.6 (S) and 23.8 (R) min 
(57% ee). 
 
(2S)-Ethyl 3,3,3-trifluoro-2-hydroxy-2-(5-methoxy-indol-3-yl)propionate [(S)-3i] 

[α]D
25 −1.7 (c 0.99, CHCl3), 80% ee. 

 
 
 

 
Ethyl 3,3,3-trifluoro-2-hydroxy-2-(N-methyl-indol-3-yl)propionate (3j) 

[α]D
25 +0.39 (c 1.12, CHCl3); ¹H NMR (CDCl3) δ 1.35 (t, J = 7.0 Hz, 3H, CH3), 

3.79 (s, 3H, CH3), 4.34–4.45 (m, 2H, CH2), 4.35 (s, 1H, OH), 7.12–7.32 (m, 
4H, Ar), 7.86 (d, J = 8.2 Hz, 1H, Ar); 19F NMR (CDCl3) δ -76.6 (s, 3F); HPLC 
(Daicel Chiralcel OD-H, hexane/iPrOH (90/10), 0.50 mL/min) tR 18.7 (S) and 

28.9 (R) min (1% ee). 
                                                           
1 Y. Kanazawa, Y. Tsuchiya, K. Kobayashi, T. Shiomi, J. Itoh, M. Kikuchi, Y. Yamamoto, H. Nishiyama, Chem. Eur. J. 
2006, 12, 63. 
2 W. Zhuang, N. Gathergood, R. G. Hazell, K. A. Jørgensen, J. Org. Chem. 2001, 66, 1009. 
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