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1. General information 

1H and 13C NMR spectra were measured respectively at 400 and 100 MHz, 

respectively. The solvent used for NMR spectroscopy was CDCl3, using 

tetramethylsilane as the internal reference. HRMS (ESI) was determined by a 

HRMS/MS instrument. Enantiomeric excesses (ee) were determined by chiral high-

performance liquid chromatography (chiral HPLC). The chiral columns used for the 

determination of enantiomeric excesses by chiral HPLC were Chiralpak columns. 

Optical rotation values were measured with instruments operating at λ = 589 nm, 

corresponding to the sodium D line at the temperatures indicated. The X-ray sources 

used for the single crystal X-ray diffraction analysis of product 3ai was GaKα (λ = 

1.34139), and the thermal ellipsoid was drawn at the 30% probability level. Analytical 

grade solvents for the column chromatography were distilled before use. All starting 

materials commercially available were used directly. 

 

2. General procedure for the synthesis of products 3 

 

To the mixture of C3-alkenyl-substituted 2-indolylmethanols 1 (0.11 mmol), cyclic 

enaminones 2 (0.1 mmol), catalyst 6a (0.01 mmol) was added chloroform (2 mL). Then, 

the reaction mixture was stirred at 45 oC for 36 h. After the completion of the reaction 

indicated by TLC, the reaction mixture was directly purified through preparative thin 

layer chromatography to afford pure products 3. 

 

3. Characteristic data of products 3 

3-((4-methoxyphenyl)amino)-5,5-dimethyl-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3aa): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 70% yield (44.1 mg); yellow 
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solid; m.p. 79-80 oC; [D
20 = +150.0 (c 0.20, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.79 (s, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.33 – 7.29 

(m, 3H), 7.25 – 7.07 (m, 5H), 7.05 – 6.95 (m, 5H), 6.93 – 6.91 (m, 2H), 6.70 – 6.68 (m, 

2H), 6.48 – 6.46 (m, 2H), 6.30 – 6.28 (m, 2H), 5.56 (d, J = 9.2 Hz, 1H), 5.37 (d, J = 9.2 

Hz, 1H), 3.73 (s, 3H), 2.28 (d, J = 16.8 Hz, 1H), 2.19 – 2.08 (m, 2H), 2.05 (d, J = 16.0 

Hz, 1H), 1.03 (s, 3H), 0.83 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.3, 159.4, 157.5, 

146.3, 144.8, 141.7, 140.4, 138.0, 131.6, 130.6, 129.6, 128.7, 127.8, 127.3, 127.1, 126.9, 

126.7, 126.5, 126.4, 124.3, 122.0, 120.3, 119.0, 118.4, 114.2, 112.2, 107.5, 63.2, 61.8, 

55.4, 50.2, 40.8, 36.1, 32.2, 28.1; IR (KBr): 3366, 2923, 1730, 1690, 1595, 1348, 1268, 

1032, 989 cm-1; ESI FTMS exact mass calcd for (C44H40N2O2-H)- requires m/z 

627.3012, found m/z 627.3029; Enantiomeric excess: 73%, determined by HPLC 

(Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 

254 nm): tR = 15.527 min (minor), tR = 18.253 min (major). 

 

2-((1R,2S)-3,3-bis(4-fluorophenyl)-2-phenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)-3-((4-methoxyphenyl)amino)-5,5-

dimethylcyclohex-2-enone (3ba): thin layer chromatography (dichloromethane / ethyl 

acetate = 10/1); 57% yield (37.8 mg); yellow solid; m.p. 127-128 oC; [D
20 = +56.8 (c 

0.40, acetone); >95:5 dr; 1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 7.57 – 7.48 (m, 

3H), 7.33 (d, J = 7.8 Hz, 1H), 7.22 – 7.13 (m, 3H), 7.07 – 7.02 (m, 1H), 7.01 – 6.97 (m, 

4H), 6.91 (d, J = 7.6 Hz, 2H), 6.71 – 6.49 (m, 4H), 6.46 (d, J = 8.4 Hz, 2H), 6.22 – 6.18 

(m, 2H), 5.53 (d, J = 9.6 Hz, 1H), 5.28 (d, J = 9.6 Hz, 1H), 3.74 (s, 3H), 2.28 (d, J = 

16.8 Hz, 1H), 2.15 – 2.10 (m, 2H), 2.00 (d, J = 16.4 Hz, 1H), 1.01 (s, 3H), 0.81 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 194.4, 161.6 (J = 245 Hz), 161.5 (J = 245 Hz), 159.6, 

157.6, 146.0, 140.5, 140.3, 137.6, 137.1, 131.3 (J = 8.0 Hz), 130.4, 129.3 (J = 8.9 Hz), 

127.1, 127.0, 126.8, 124.1, 122.2, 120.5, 119.0, 118.4, 115.6, 115.4, 114.3, 114.2 (J = 

21 Hz), 112.3, 107.4, 63.9, 60.8, 55.4, 50.1, 40.7, 35.8, 32.2, 28.1, 28.0; IR (KBr): 3443, 

3059, 2928, 1916, 1660, 1395, 1322, 1168, 1032 cm-1; ESI FTMS exact mass calcd for 

(C44H38F2N2O2-H)- requires m/z 663.2823, found m/z 663.2849; Enantiomeric excess: 
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80%, determined by HPLC (Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow 

rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 13.967 min (minor), tR = 15.637 min (major). 

 

3-((4-methoxyphenyl)amino)-5,5-dimethyl-2-((1R,2S)-2-phenyl-3,3-di-p-tolyl-

1,2,3,4-tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ca): preparative thin 

layer chromatography (dichloromethane / ethyl acetate = 10/1); 69% yield (45.0 mg); 

yellow solid; m.p. 133-134 oC; [D
20 = +89.0 (c 0.24, acetone); >95:5 dr; 1H NMR 

(400 MHz, CDCl3) δ 7.83 (s, 1H), 7.53 – 7.47 (m, 3H), 7.30 (d, J = 8.0 Hz, 1H), 7.24 

(s, 1H), 7.20 – 7.13 (m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.05 – 6.91 (m, 5H), 6.79 (d, J = 

8.0 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 6.46 (d, J = 8.8 Hz, 2H), 6.17 (d, J = 8.0 Hz, 2H), 

5.54 (d, J = 9.6 Hz, 1H), 5.32 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 2.31 (s, 3H), 2.29 – 2.25 

(d, J = 16.4 Hz, 1H), 2.24 (s, 3H), 2.15 (d, J = 16.4 Hz, 1H), 2.12 – 2.01 (m, 2H), 1.02 

(s, 3H), 0.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.3, 159.4, 157.5, 146.9, 142.0, 

140.4, 138.6, 138.1, 136.2, 135.9, 131.6, 130.7, 129.5, 129.3, 127.9, 127.8, 127.1, 126.8, 

126.4, 124.3, 121.8, 120.2, 119.0, 118.1, 114.2, 112.2, 107.5, 63.3, 61.1, 55.4, 50.1, 

40.8, 36.0, 32.2, 28.2, 28.1, 20.9, 20.8; IR (KBr): 3865, 3389, 1810, 1715, 1690, 1522, 

1348, 1261, 1031 cm-1; ESI FTMS exact mass calcd for (C46H44N2O2-H)- requires m/z 

655.3325, found m/z 655.3342; Enantiomeric excess: 52%, determined by HPLC 

(Daicel Chiralpak IC, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 

254 nm): tR = 14.230 min (major), tR = 15.973 min (minor). 

 

2-((1R,2S)-3,3-bis(4-methoxyphenyl)-2-phenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)-3-((4-methoxyphenyl)amino)-5,5-

dimethylcyclohex-2-enone (3da): preparative thin layer chromatography 

(dichloromethane / ethyl acetate = 10/1); 62% yield (42.7 mg); yellow solid; m.p. 91-

92 oC; [D
20 = +42.6 (c 0.19, acetone); >95:5 dr; 1H NMR (400 MHz, CDCl3) δ 7.84 

(s, 1H), 7.55 – 7.46 (m, 3H), 7.31 (d, J = 8.0 Hz, 1H), 7.24 (s, 1H), 7.20 – 7.11 (m, 2H), 

7.07 – 6.96 (m, 3H), 6.93 (d, J = 7.2 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 8.8 

Hz, 2H), 6.52 (d, J = 8.8 Hz, 2H), 6.46 (d, J = 8.8 Hz, 2H), 6.18 (d, J = 8.8 Hz, 2H), 
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5.53 (d, J = 9.6 Hz, 1H), 5.26 (d, J = 9.6 Hz, 1H), 3.77 (s, 3H), 3.73 (s, 3H), 3.71 (s, 

3H), 2.28 (d, J = 16.4 Hz, 1H), 2.17 – 2.07 (m, 2H), 2.03 (d, J = 16.4 Hz, 1H), 1.03 (s, 

3H), 0.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.3, 159.4, 158.1, 157.4, 147.2, 

140.4, 138.1, 136.9, 133.7, 131.6, 130.6, 128.9, 127.0, 126.9, 126.4, 124.3, 121.8, 120.2, 

118.9, 117.9, 114.2, 113.9, 112.6, 112.2, 107.5, 63.8, 60.4, 55.4, 55.2, 55.1, 50.1, 40.8, 

36.0, 32.2, 28.2, 28.0; IR (KBr): 3633, 3414, 1781, 1719, 1682, 1526, 1348, 1261, 878 

cm-1; ESI FTMS exact mass calcd for (C46H44N2O4-H)- requires m/z 687.3223, found 

m/z 687.3241; Enantiomeric excess: 70%, determined by HPLC (Daicel Chiralpak IC, 

hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 31.233 

min (major), tR = 40.790 min (minor). 

 

2-((1R,2S)-2-(4-fluorophenyl)-3,3-diphenyl-1,2,3,4-tetrahydrocyclopenta[b]indol-

1-yl)-3-((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ea): 

preparative thin layer chromatography (dichloromethane / ethyl acetate = 10/1); 47% 

yield (30.5 mg); yellow solid; m.p. 112-113 oC; [D
20 = +49.1 (c 0.49, acetone); >95:5 

dr; 1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 

7.6 Hz, 1H), 7.32 (t, J = 6.8 Hz, 3H), 7.23 – 7.09 (m, 5H), 7.02 – 6.98 (m, 2H), 6.89 – 

6.86 (m, 2H), 6.75 – 6.62 (m, 4H), 6.46 (d, J = 8.8 Hz, 2H), 6.28 (d, J = 7.2 Hz, 2H), 

5.50 (d, J = 8.8 Hz, 1H), 5.32 (d, J = 9.2 Hz, 1H), 3.73 (s, 3H), 2.28 (d, J = 16.8 Hz, 

1H), 2.19 – 2.09 (m, 2H), 2.06 (d, J = 16.0 Hz, 1H), 1.03 (s, 3H), 0.84 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 194.3, 161.8 (J = 230 Hz), 159.6, 157.5, 146.2, 144.6, 141.5, 140.4, 

132.0 (J = 12 Hz), 131.5, 129.6, 128.8, 127.7, 127.4, 127.2, 126.7 (J = 16 Hz), 124.2, 

122.1, 120.3, 119.0, 118.2, 114.2, 113.6 (J = 21 Hz), 112.2, 107.2, 62.3, 61.7, 55.4, 

50.1, 40.82, 36.2, 32.2, 28.1, 28.0; IR (KBr): 3638, 3366, 2960, 1744, 1691, 1448, 1268, 

1149, 1032 cm-1; ESI FTMS exact mass calcd for (C44H39FN2O2-H)- requires m/z 

645.2918, found m/z 645.2909; Enantiomeric excess: 60%, determined by HPLC 

(Daicel Chiralpak IA, hexane/ isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 oC, 

254 nm): tR = 17.497 min (minor), tR = 19.450 min (major). 
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2-((1R,2S)-2-(4-chlorophenyl)-3,3-diphenyl-1,2,3,4-tetrahydrocyclopenta[b]indol-

1-yl)-3-((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3fa): 

preparative thin layer chromatography (dichloromethane / ethyl acetate = 10/1); 46% 

yield (30.3 mg); yellow solid; m.p. 138-139 oC; [D
20= +23.8 (c 0.61, acetone); >95:5 

dr; 1H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.58 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 

7.2 Hz, 1H), 7.34 – 7.30 (m, 3H), 7.24 (d, J = 8.0 Hz, 2H), 7.20 – 7.09 (m, 3H), 7.04 – 

6.98 (m, 2H), 6.96 – 6.93 (m, 2H), 6.85 (d, J = 8.4 Hz, 2H), 6.73 – 6.65 (m, 2H), 6.46 

(d, J = 8.4 Hz, 2H), 6.29 (d, J = 7.2 Hz, 2H), 5.51 (d, J = 9.6 Hz, 1H), 5.30 (d, J = 9.6 

Hz, 1H), 3.73 (s, 3H), 2.28 (d, J = 15.6 Hz, 1H), 2.18 – 2.09 (m, 2H), 2.05 (d, J = 15.6 

Hz, 1H), 1.03 (s, 3H), 0.84 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.3, 159.6, 157.6, 

146.2, 144.4, 141.4, 140.4, 136.6, 132.3, 131.9, 131.4, 129.5, 128.8, 127.7, 127.5, 127.2, 

127.0, 126.8, 126.7, 124.1, 122.1, 120.4, 119.0, 118.2, 114.2, 112.3, 107.1, 62.5, 61.7, 

55.4, 50.1, 40.8, 36.2, 32.2, 28.1; IR (KBr): 3306, 2917, 1749, 1611, 1548, 1149, 1032, 

987 cm-1; ESI FTMS exact mass calcd for (C44H39ClN2O2-H)- requires m/z 661.2622, 

found m/z 661.2639; Enantiomeric excess: 60%, determined by HPLC (Daicel 

Chiralpak IC, hexane/ isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 oC, 254 nm): 

tR = 5.780 min (minor), tR = 6.423 min (major). 

 

2-((1R,2S)-2-(3-chlorophenyl)-3,3-diphenyl-1,2,3,4-tetrahydrocyclopenta[b]indol-

1-yl)-3-((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ga): 

preparative thin layer chromatography (dichloromethane / ethyl acetate = 10/1); 48% 

yield (31.8 mg); yellow solid; m.p. 122-123 oC; [D
20 = -228.3 (c 0.60, acetone); >95:5 

dr; 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 

7.2 Hz, 1H), 7.35 – 7.31 (m, 3H), 7.23 – 7.10 (m, 5H), 7.04 – 7.00 (m, 3H), 6.97 (s, 

1H), 6.88 – 6.84 (m, 1H), 6.71 – 6.67 (m, 3H), 6.47 – 6.44 (m, 2H), 6.31 (d, J = 7.6 Hz, 

2H), 5.51 (d, J = 9.6 Hz, 1H), 5.28 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 2.29 (d, J = 16.8 

Hz, 1H), 2.19 – 2.03 (m, 3H), 1.03 (s, 3H), 0.87 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 194.2, 159.1, 157.5, 147.0, 145.2, 140.8, 140.5, 137.0, 136.2, 132.2, 131.5, 130.3, 

129.1, 128.3, 127.2, 127.1, 126.5, 126.1, 124.6, 124.1, 122.0, 120.2, 118.9, 118.6, 114.3, 
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112.2, 107.6, 61.9, 55.4, 50.1, 40.7, 38.4, 32.1, 28.1, 27.9, 21.1; ESI FTMS exact mass 

calcd for (C44H39ClN2O2-H)- requires m/z 661.2622, found m/z 661.2631; 

Enantiomeric excess: 63%, determined by HPLC (Daicel Chiralpak IA, hexane/ 

isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 4.290 min (minor), 

tR = 5.003 min (major). 

 

2-((1R,2S)-3,3-diphenyl-2-(m-tolyl)-1,2,3,4-tetrahydrocyclopenta[b]indol-1-yl)-3-

((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ha): preparative thin 

layer chromatography (dichloromethane / ethyl acetate = 10/1); 92% yield (59.2 mg); 

yellow solid; m.p. 109-110 oC; [D
20 = -34.2 (c 0.60, acetone); >95:5 dr; 1H NMR (400 

MHz, CDCl3) δ 7.97 (s, 1H), 7.54 (d, J = 6.0 Hz, 3H), 7.37 (s, 1H), 7.30 (d, J = 7.6 Hz, 

1H), 7.24 – 7.09 (m, 6H), 7.07 – 7.03 (m, 2H), 6.96 – 6.88 (m, 2H), 6.74 – 6.67 (m, 

3H), 6.52 – 6.46 (m, 5H), 5.56 (d, J = 9.2 Hz, 1H), 5.50 (d, J = 9.2 Hz, 1H), 3.75 (s, 

3H), 2.27 (d, J = 16.8 Hz, 1H), 2.17 (s, 3H), 2.11 (d, J = 16.4 Hz, 2H), 1.98 (d, J = 16.4 

Hz, 1H), 1.01 (s, 3H), 0.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.2, 159.1, 157.5, 

147.0, 145.2, 140.8, 140.5, 137.0, 136.2, 132.2, 131.5, 130.3, 129.1, 128.3, 127.2, 127.1, 

126.5, 126.1, 124.6, 124.1, 122.0, 120.2, 118.9, 118.6, 114.3, 112.2, 107.6, 61.9, 55.4, 

50.1, 40.7, 38.4, 32.1, 28.1, 27.9, 21.1; IR (KBr): 3366, 2923, 1730, 1590, 1495, 1448, 

1268, 1032 cm-1; ESI FTMS exact mass calcd for (C45H42N2O2-H)- requires m/z 

641.3168, found m/z 641.3183; Enantiomeric excess: 44%, determined by HPLC 

(Daicel Chiralpak IA, hexane/ isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 oC, 

254 nm): tR = 5.347 min (minor), tR = 6.222 min (major). 

 

2-((1R,2R)-2-(2-fluorophenyl)-3,3-diphenyl-1,2,3,4-tetrahydrocyclopenta[b]indol-

1-yl)-3-((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ia): 

preparative thin layer chromatography (dichloromethane / ethyl acetate = 10/1); 62% 

yield (40.1 mg); yellow solid; m.p. 93-94 oC; [D
20 = +26.3 (c 0.4, acetone); >95:5 dr; 

1H NMR (400 MHz, CDCl3) δ 7.93 (s, 1H), 7.65 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 7.2 

Hz, 1H), 7.34 – 7.27 (m, 3H), 7.25 – 7.11 (m, 5H), 7.06 – 7.00 (m, 2H), 6.99 – 6.94 (m, 



S8 

 

1H), 6.88 – 6.82 (m, 1H), 6.70 (d, J = 8.8 Hz, 2H), 6.62 (t, J = 7.6 Hz, 1H), 6.55 (d, J 

= 8.8 Hz, 2H), 6.41 (d, J = 7.6 Hz, 2H), 6.39 – 6.35 (m, 1H), 5.78 (d, J = 9.6 Hz, 1H), 

5.47 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 2.27 (d, J = 16.0 Hz, 1H), 2.16 – 2.07 (m, 2H), 

2.00 (d, J = 16.0 Hz, 1H), 1.01 (s, 3H), 0.84 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

194.1, 158.5 (J = 230 Hz), 146.1, 144.8, 142.5, 140.5, 133.5, 131.4, 131.1, 129.7, 128.7, 

127.8 (J = 9 Hz), 127.6, 127.5, 126.7 (J = 8 Hz), 124.1, 122.7, 122.0, 120.3, 119.0, 

118.4, 114.2, 113.8 (J = 24 Hz), 112.2, 106.6, 61.6, 58.5, 55.4, 53.0, 50.1, 46.1, 40.7, 

37.4, 37.3, 35.3, 32.0, 28.4, 27.5; IR (KBr): 3366, 2923, 1730, 1590, 1495, 1448, 1268, 

1032 cm-1; ESI FTMS exact mass calcd for (C44H39FN2O2-H)- requires m/z 645.2918, 

found m/z 645.2926; Enantiomeric excess: 60%, determined by HPLC (Daicel 

Chiralpak IA, hexane/ isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 oC, 254 nm): 

tR = 4.550 min (minor), tR = 4.987 min (major). 

 

2-((1R,2S)-3,3-diphenyl-2-(o-tolyl)-1,2,3,4-tetrahydrocyclopenta[b]indol-1-yl)-3-

((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ja): preparative thin 

layer chromatography (dichloromethane/ethyl acetate = 10/1); 52% yield (33.1 mg); 

yellow solid; m.p. 119-120 oC; [D
20 = -20.8 (c 0.66, acetone); >95:5 dr; 1H NMR (400 

MHz, CDCl3) δ 7.94 (s, 1H), 7.53 (d, J = 6.4 Hz, 3H), 7.41 – 7.28 (m, 2H), 7.22 – 7.11 

(m, 6H), 7.07 – 7.03 (m, 2H), 6.92 – 6.90 (m, 2H), 6.74 – 6.67 (m, 3H), 6.52 – 6.46 (m, 

5H), 5.56 (d, J = 9.2 Hz, 1H), 5.49 (d, J = 9.2 Hz, 1H), 3.75 (s, 3H), 2.27 (d, J = 16.8 

Hz, 1H), 2.17 (s, 3H), 2.14 – 2.09 (m, 2H), 1.99 (d, J = 16.4 Hz, 1H), 1.01 (s, 3H), 0.81 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.2, 159.1, 157.5, 147.0, 145.2, 140.8, 140.6, 

137.0, 136.2, 132.2, 131.5, 130.3, 129.1, 128.3, 127.2, 127.1, 126.5, 126.1, 124.6, 124.1, 

122.0, 120.2, 118.9, 118.6, 114.3, 112.2, 107.6, 61.9, 55.4, 50.0, 40.7, 38.4, 32.1, 28.1, 

27.9, 21.1; IR (KBr): 3816, 2910, 1765, 1558, 1448, 1268, 1032, 889 cm-1; ESI FTMS 

exact mass calcd for (C45H42N2O2-H)- requires m/z 641.3168, found m/z 641.3181; 

Enantiomeric excess: 52%, determined by HPLC (Daicel Chiralpak IA, hexane/ 

isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 5.470 min (minor), 

tR = 6.360 min (major). 
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2-((1R,2S)-7-chloro-2,3,3-triphenyl-1,2,3,4-tetrahydrocyclopenta[b]indol-1-yl)-3-

((4-methoxyphenyl)amino)-5,5-dimethylcyclohex-2-enone (3ka): preparative thin 

layer chromatography (dichloromethane / ethyl acetate = 10/1); 60% yield (40.0 mg); 

yellow solid; m.p. 78-79 oC; [D
20 = -13.1 (c 0.80, acetone); >95:5 dr; 1H NMR (400 

MHz, CDCl3) δ 7.92 (s, 1H), 7.58 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 7.2 Hz, 1H), 7.33 – 

7.30 (m, 3H), 7.26 – 7.07 (m, 5H), 7.03 – 7.00 (m, 2H), 6.95 (d, J = 8.4 Hz, 2H), 6.85 

(d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 6.46 (d, J = 8.8 Hz, 2H), 6.30 (d, J = 7.6 

Hz, 2H), 5.51 (d, J = 9.6 Hz, 1H), 5.31 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 2.28 (d, J = 

16.8 Hz, 1H), 2.18 – 2.09 (m, 2H), 2.05 (d, J = 16.4 Hz, 1H), 1.03 (s, 3H), 0.84 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 194.4, 159.8, 157.6, 146.2, 144.5, 141.4, 140.5, 136.6, 

132.3, 131.9, 131.4, 129.5, 128.8, 127.7, 127.5, 127.2, 127.0, 126.8, 126.7, 124.1, 122.1, 

120.4, 119.0, 118.1, 114.2, 112.3, 107.1, 62.5, 61.7, 55.4, 50.1, 40.8, 36.2, 32.2, 28.1; 

IR (KBr): 3883, 3419, 2988, 1786, 1521, 1448, 1268, 1032, 917 cm-1; ESI FTMS exact 

mass calcd for (C44H39ClN2O2-H)- requires m/z 661.2622, found m/z 661.2618; 

Enantiomeric excess: 65%, determined by HPLC (Daicel Chiralpak IA, hexane/ 

isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 6.823 min (minor), 

tR = 7.293 min (major). 

 

3-((4-methoxyphenyl)amino)-5,5-dimethyl-2-((1R,2S)-7-methyl-2,3,3-triphenyl-

1,2,3,4-tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3la): preparative thin 

layer chromatography (dichloromethane / ethyl acetate = 10/1); 78% yield (50.3 mg); 

yellow solid; m.p. 98-99 oC; [D
20 = -375.9 (c 1.0, acetone); >95:5 dr; 1H NMR (400 

MHz, CDCl3) δ 7.66 (s, 1H), 7.60 (d, J = 7.6 Hz, 2H), 7.32 – 7.28 (m, 3H), 7.26 – 7.17 

(m, 3H), 7.11 – 7.07 (m, 1H), 7.03 – 6.95 (m, 6H), 6.91 (d, J = 7.2 Hz, 2H), 6.70 (d, J 

= 8.8 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 6.28 (d, J = 7.6 Hz, 2H), 5.52 (d, J = 9.6 Hz, 

1H), 5.36 (d, J = 9.6 Hz, 1H), 3.74 (s, 3H), 2.44 (s, 3H), 2.30 (d, J = 16.4 Hz, 1H), 2.21 

– 2.08 (m, 2H), 2.06 (d, J = 16.0 Hz, 1H), 1.04 (s, 3H), 0.83 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 194.3, 159.3, 157.4, 146.4, 144.9, 141.8, 138.7, 138.1, 131.7, 130.6, 
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129.6, 128.7, 127.8, 127.2, 126.9, 126.8, 126.6, 126.4, 126.3, 124.5, 123.5, 118.8, 118.0, 

114.2, 111.7, 107.8, 63.1, 61.8, 57.8, 55.4, 54.6, 50.2, 42.1, 40.8, 37.2, 36.0, 32.2, 28.1, 

28.0, 21.5; IR (KBr): 3366, 2923, 1730, 1590, 1495, 1448, 1268, 1032 cm-1; ESI FTMS 

exact mass calcd for (C45H42N2O2-H)- requires m/z 641.3168, found m/z 641.3182; 

Enantiomeric excess: 60%, determined by HPLC (Daicel Chiralpak IC, hexane/ 

isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 16.337 min (minor), 

tR = 19.110 min (major). 

 

3-((4-chlorophenyl)amino)-5,5-dimethyl-2-(2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ab): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 58% yield (36.5 mg); yellow 

solid; m.p. 90-91 oC; [D
20 = +38.6 (c 0.2, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 8.00 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.49 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 

7.6 Hz, 2H), 7.29 (d, J = 6.8 Hz, 2H), 7.25 – 7.22 (m, 1H), 7.21 – 7.17 (m, 1H), 7.16 – 

7.07 (m, 4H), 7.05 – 6.95 (m, 5H), 6.89 (d, J = 7.2 Hz, 2H), 6.36 (d, J = 8.6 Hz, 2H), 

6.28 (d, J = 7.6 Hz, 2H), 5.56 (d, J = 9.6 Hz, 1H), 5.31 (d, J = 9.6 Hz, 1H), 2.43 (d, J = 

16.6 Hz, 1H), 2.18 – 2.05 (m, 3H), 1.06 (s, 3H), 0.89 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 194.7, 157.7, 146.7, 144.6, 141.6, 140.4, 137.9, 137.6, 130.5, 130.3, 129.5, 

129.1, 128.7, 127.8, 12.3, 127.0, 126.7, 126.6, 126.5, 125.4, 124.0, 122.1, 120.4, 118.9, 

117.8, 112.3, 109.6, 63.4, 61.9, 50.2, 40.9, 36.1, 32.6, 28.6, 27.6; IR (KBr): 3438, 2918, 

1730, 1590, 1418, 1268, 1032, 918 cm-1; ESI FTMS exact mass calcd for 

(C43H37ClN2O-H)- requires m/z 631.2516, found m/z 631.2528; Enantiomeric excess: 

76%, determined by HPLC (Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow 

rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 10.977 min (minor), tR = 13.040 min (major). 

 

5,5-dimethyl-3-(p-tolylamino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ac): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 43% yield (26.2 mg); yellow 

solid; m.p. 103-104 oC; [D
20 = +21.2 (c 0.3, acetone); >95:5 dr; 1H NMR (400 MHz, 
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CDCl3) δ 7.84 (s, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.35 – 7.27 

(m, 4H), 7.24 (d, J = 7.2 Hz, 1H), 7.21 – 7.13 (m, 2H), 7.12 – 7.07 (m, 1H), 7.05 – 6.89 

(m, 9H), 6.39 (d, J = 8.41 Hz, 2H), 6.29 (d, J = 7.6 Hz, 2H), 5.57 (d, J = 9.6 Hz, 1H), 

5.37 (d, J = 9.6 Hz, 1H), 2.38 (d, J = 16.8 Hz, 1H), 2.26 (s, 3H), 2.17 (d, J = 16.8 Hz, 

2H), 2.06 (d, J = 16.4 Hz, 1H), 1.04 (s, 3H), 0.85 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 194.4, 158.9, 146.4, 144.7, 141.6, 140.4, 138.0, 136.2, 135.0, 130.6, 129.6, 128.7, 

127.9, 127.3, 126.9, 126.6, 126.5, 126.4, 125.0, 124.2, 122.0, 120.3, 119.1, 118.3, 112.2, 

108.1, 63.2, 61.8, 50.2, 40.9, 36.0, 32.4, 28.3, 27.9, 20.8; IR (KBr): 3441, 3069, 1771, 

1640, 1421, 1268, 1032, 887 cm-1; ESI FTMS exact mass calcd for (C44H40N2O-H)- 

requires m/z 611.3063, found m/z 611.3068; Enantiomeric excess: 62%, determined by 

HPLC (Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 

30 oC, 254 nm): tR = 11.830 min (minor), tR = 14.093 min (major). 

 

3-((3-fluorophenyl)amino)-5,5-dimethyl-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ad): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 49% yield (30.3 mg); yellow 

solid; m.p. 88-89 oC; [D
20 = +29.6 (c 0.32, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.97 (s, 1H), 7.55 (d, J = 7.2 Hz, 2H), 7.49 (d, J = 7.6 Hz, 1H), 7.43 (s, 1H), 

7.35 (d, J = 8.0 Hz, 1H), 7.28 – 7.20 (m, 3H), 7.19 – 7.04 (m, 4H), 7.03 – 6.93 (m, 5H), 

6.89 (d, J = 7.2 Hz, 2H), 6.78 – 6.70 (m, 1H), 6.29 – 6.27 (m, 2H), 6.17 – 6.15 (m, 2H), 

5.56 (d, J = 9.6 Hz, 1H), 5.32 (d, J = 9.6 Hz, 1H), 2.53 (d, J = 16.4 Hz, 1H), 2.25 – 2.10 

(m, 2H), 2.09 (d, J = 16.0 Hz, 1H), 1.08 (s, 3H), 0.92 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 194.9, 162.8 (J = 245 Hz), 146.7, 144.6, 141.5, 140.6 (J = 10 Hz), 140.5, 

137.9, 130.5, 130.2 (J = 10 Hz), 129.6, 128.7, 127.8, 127.3, 127.0, 126.7, 126.6, 126.5, 

124.0, 122.2, 120.5, 119.2, 118.9, 117.6, 112.3, 111.3 (J = 21 Hz), 110.8 (J = 24 Hz), 

110.4, 63.5, 61.9, 50.2, 41.0, 36.0, 32.7, 28.8, 27.4; IR (KBr): 3383, 3016, 1809, 1572, 

1217, 1032, 917 cm-1; ESI FTMS exact mass calcd for (C43H37FN2O-H)- requires m/z 

615.2812, found m/z 615.2823; Enantiomeric excess: 70%, determined by HPLC 

(Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 
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254 nm): tR = 12.640 min (minor), tR = 13.900 min (major). 

 

5,5-dimethyl-3-(m-tolylamino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ae): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 52% yield (32.9 mg); yellow 

solid; m.p. 110-111 oC; [D
20 = +38.6 (c 0.27, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.84 (s, 1H), 7.58 (d, J = 7.2 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.37 – 7.31 

(m, 2H), 7.29 – 7.25 (m, 2H), 7.23 – 7.15 (m, 2H), 7.14 – 7.06 (m, 2H), 7.05 – 6.94 (m, 

6H), 6.92 – 6.86 (m, 3H), 6.37 (d, J = 8.0 Hz, 1H), 6.29 (d, J = 7.6 Hz, 2H), 6.15 (s, 

1H), 5.57 (d, J = 9.6 Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 2.44 (d, J = 16.6 Hz, 1H), 2.21 

(d, J = 9.2 Hz, 1H), 2.17 (s, 3H), 2.15 (s, 1H), 2.07 (d, J = 16.4 Hz, 1H), 1.05 (s, 3H), 

0.87 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.6, 158.6, 146.5, 144.7, 141.6, 140.4, 

139.0, 138.8, 138.0, 130.6, 129.6, 128.7, 128.6, 127.9, 127.3, 126.9, 126.6, 126.5, 126.4, 

125.8, 125.3, 124.2, 122.0, 121.7, 120.3, 119.1, 118.2, 112.2, 108.5, 63.3, 61.8, 50.30, 

40.9, 36.1, 32.4, 28.4, 27.8, 21.2; IR (KBr): 3617, 3381, 1716, 1622, 1287, 1032, 977 

cm-1; ESI FTMS exact mass calcd for (C44H40N2O-H)- requires m/z 611.3063, found 

m/z 611.3081; Enantiomeric excess: 62%, determined by HPLC (Daicel Chiralpak IA, 

hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 11.840 

min (minor), tR = 13.767 min (major). 

 

3-((3-methoxyphenyl)amino)-5,5-dimethyl-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3af): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 61% yield (38.3 mg); yellow 

solid; m.p. 110-111 oC; [D
20 = -41.4 (c 0.76, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.85 (s, 1H), 7.57 (d, J = 7.2 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.38 (s, 1H), 

7.34 (d, J = 7.6 Hz, 1H), 7.29 (d, J = 7.0 Hz, 2H), 7.24 – 7.20 (m, 1H), 7.19 – 7.13 (m, 

2H), 7.12 – 7.06 (m, 2H), 7.05 – 6.95 (m, 5H), 6.90 (d, J = 7.2 Hz, 2H), 6.61 – 6.58 (m, 

1H), 6.28 (d, J = 7.2 Hz, 2H), 6.21 – 6.13 (m, 1H), 5.81 (s, 1H), 5.56 (d, J = 9.6 Hz, 

1H), 5.33 (d, J = 9.2 Hz, 1H), 3.56 (s, 3H), 2.49 (d, J = 16.4 Hz, 1H), 2.25 – 2.12 (m, 
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2H), 2.08 (d, J = 16.4 Hz, 1H), 1.06 (s, 3H), 0.89 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 194.7, 160.0, 158.3, 146.7, 144.6, 141.6, 140.4, 140.1, 137.9, 130.5, 129.6, 129.5, 

128.7, 127.9, 127.3, 126.9, 126.7, 126.5, 126.4, 124.2, 122.0, 120.4, 119.1, 118.0, 116.9, 

112.2, 110.8, 109.7, 108.8, 63.4, 61.8, 55.2, 50.3, 40.9, 36.0, 32.5, 28.7, 27.6; IR (KBr): 

3854, 3341, 2390, 1717, 1329, 1132, 1012 cm-1; ESI FTMS exact mass calcd for 

(C44H40N2O2-H)- requires m/z 627.3012, found m/z 627.3024; Enantiomeric excess: 

70%, determined by HPLC (Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow 

rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 13.387 min (minor), tR = 16.577 min (major). 

 

3-((2-chlorophenyl)amino)-5,5-dimethyl-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ag): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 49% yield (30.8 mg); yellow 

solid; m.p. 87-88 oC; [D
20 = +29.4 (c 0.39, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.79 (s, 1H), 7.57 – 7.53 (m, 3H), 7.33 – 7.28 (m, 2H), 7.25 – 7.19 (m, 4H), 

7.18 – 7.17 (m, 4H), 7.06 – 6.94 (m, 6H), 6.90 – 6.88 (m, 2H), 6.79 (d, J = 8.0, 1H), 

6.29 (d, J = 7.2 Hz, 2H), 5.55 (d, J = 9.6 Hz, 1H), 5.48 (d, J = 9.6 Hz, 1H), 2.39 (d, J = 

16.4 Hz, 1H), 2.22 (d, J = 16.4 Hz, 1H), 2.13 (d, J = 6.8 Hz, 1H), 2.09 (d, J = 6.8 Hz, 

1H), 1.06 (s, 3H), 0.87 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.8, 157.7, 146.5, 

144.5, 141.7, 140.6, 138.0, 136.3, 130.5, 129.9, 129.6, 129.3, 128.5, 127.9, 127.3, 127.2, 

127.0, 126.6, 126.5, 126.4, 125.9, 125.7, 124.3, 122.0, 120.2, 119.1, 118.1, 112.0, 110.9, 

63.1, 61.8, 50.3, 41.0, 36.0, 32.6, 28.1, 28.0; IR (KBr): 3383, 3016, 1809, 1572, 1217, 

1032, 917 cm-1; ESI FTMS exact mass calcd for (C43H37ClN2O-H)- requires m/z 

631.2516, found m/z 631.2533; Enantiomeric excess: 50%, determined by HPLC 

(Daicel Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 

254 nm): tR = 13.853 min (minor), tR = 16.643 min (major). 

 

5,5-dimethyl-3-(o-tolylamino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ah): preparative thin layer 

chromatography (dichloromethane/ethyl acetate = 10/1); 50% yield (30.7 mg); yellow 
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solid; m.p. 87-88 oC; [D
20 = +119.9 (c 0.61, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.84 (s, 1H), 7.61 – 7.51 (m, 3H), 7.30 – 7.28 (m, 1H), 7.26 – 7.16 (m, 4H), 

7.15 – 7.05 (m, 5H), 7.04 – 6.95 (m, 6H), 6.91 (d, J = 7.2 Hz, 2H), 6.81 (d, J = 7.6 Hz, 

1H), 6.35 – 6.23 (m, 2H), 5.58 (d, J = 9.6 Hz, 1H), 5.44 (d, J = 9.6 Hz, 1H), 2.29 (d, J 

= 16.4 Hz, 1H), 2.19 (d, J = 16.4 Hz, 1H), 2.09 – 2.01 (m, 2H), 1.47 (s, 3H), 1.04 (s, 

3H), 0.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.3, 159.2, 146.2, 144.7, 141.7, 

140.5, 138.1, 137.4, 133.6, 130.7, 130.5, 129.6, 128.6, 127.8, 127.3, 127.0, 126.7, 126.6, 

126.5, 126.4, 125.9, 125.8, 124.2, 122.1, 120.3, 119.2, 118.7, 112.1, 108.7, 63.1, 61.8, 

50.2, 41.0, 36.1, 32.5, 28.1, 28.0, 17.0; IR (KBr): 3871, 3381, 1716, 1429, 1217, 1031, 

981 cm-1; ESI FTMS exact mass calcd for (C44H40N2O-H)- requires m/z 611.3063, 

found m/z 611.3079; Enantiomeric excess: 70%, determined by HPLC (Daicel 

Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): 

tR = 11.307 min (minor), tR = 14.353 min (major). 

 

5,5-dimethyl-3-(phenylamino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ai): preparative thin layer 

chromatography (dichloromethane/ethyl acetate = 10/1); 52% yield (30.8 mg); yellow 

solid; m.p. 109-110 oC; [D
20 = -58.4 (c 0.62, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.84 (s, 1H), 7.57 (d, J = 7.2 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.40 (s, 1H), 

7.34 (d, J = 8.0 Hz, 1H), 7.28 – 7.11 (m, 7H), 7.10 – 6.93 (m, 7H), 6.91 (d, J = 7.2 Hz, 

2H), 6.47 (d, J = 7.6 Hz, 2H), 6.29 (d, J = 7.6 Hz, 2H), 5.57 (d, J = 9.6 Hz, 1H), 5.37 

(d, J = 9.6 Hz, 1H), 2.47 (d, J = 16.6 Hz, 1H), 2.27 – 2.16 (m, 2H), 2.08 (d, J = 16.4 

Hz, 1H), 1.06 (s, 3H), 0.88 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.6, 158.3, 146.5, 

144.7, 141.6, 140.4, 138.9, 138.0, 130.5, 129.6, 129.1, 128.7, 127.9, 127.3, 126.9, 126.6, 

126.5, 126.4, 124.9, 124.4, 124.2, 122.1, 120.4, 119.0, 118.1, 112.2, 108.9, 63.3, 61.8, 

50.3, 41.0, 36.0, 32.5, 28.5, 27.7; IR (KBr): 3391, 3088, 1816, 1489, 1417, 1131, 1028 

cm-1; ESI FTMS exact mass calcd for (C43H38N2O-H)- requires m/z 597.2906, found 

m/z 597.2923; Enantiomeric excess: 70%, determined by HPLC (Daicel Chiralpak IA, 

hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 12.623 
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min (minor), tR = 14.103 min (major). 

 

5,5-dimethyl-3-(naphthalen-1-ylamino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3aj): preparative thin layer 

chromatography (dichloromethane/ethyl acetate = 10/1); 48% yield (31.2 mg); yellow 

solid; m.p. 121-122 oC; [D
20 = +53.6 (c 0.48, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.84 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.64 – 7.55 (m, 6H), 7.44 – 7.37 (m, 

3H), 7.25 – 7.15 (m, 5H), 7.12 – 7.09 (m, 1H), 7.05 – 6.96 (m, 5H), 6.93 (d, J = 7.2 Hz, 

2H), 6.81 (s, 1H), 6.57 (d, J = 8.8, 1H), 6.30 (d, J = 7.2 Hz, 2H), 5.61 (d, J = 9.6 Hz, 

1H), 5.42 (d, J = 9.6 Hz, 1H), 2.58 (d, J = 16.4 Hz, 1H), 2.29 – 2.18 (m, 2H), 2.12 (d, 

J = 16.4 Hz, 1H), 1.06 (s, 3H), 0.90 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.7, 

158.3, 146.7, 144.6, 140.5, 137.9, 136.5, 133.5, 130.7, 130.5, 129.6, 128.9, 128.7, 127.8, 

127.6, 127.3, 127.2, 127.0, 126.6, 126.5, 125.4, 124.2, 123.8, 122.2, 121.1, 120.5, 119.2, 

118.1, 112.3, 109.3, 63.5, 61.9, 50.3, 41.1, 36.1, 32.6, 28.7, 27.6; IR (KBr): 3188, 2971, 

1892, 1549, 1437, 1231, 1058 cm-1; ESI FTMS exact mass calcd for (C47H40N2O-H)- 

requires m/z 647.3063, found m/z 647.3079; Enantiomeric excess: 62%, determined by 

HPLC (Daicel Chiralpak IA, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 

30 oC, 254 nm): tR = 13.013 min (minor), tR = 14.823 min (major). 

 

3-((4-methoxyphenyl)amino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclohex-2-enone (3ak): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 60% yield (35.8 mg) as 

yellow solid; m.p. 112-113 oC; [D
20 = +76.2 (c 0.48, acetone); >95:5 dr; 1H NMR (400 

MHz, CDCl3) δ 7.89 (s, 1H), 7.62 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 7.6 Hz, 1H), 7.34 – 

7.30 (m, 3H), 7.25 – 7.11 (m, 4H), 7.01 – 6.94 (m, 8H), 6.67 (d, J = 8.8 Hz, 2H), 6.44 

(d, J = 8.8 Hz, 2H), 6.30 (d, J = 7.8 Hz, 2H), 5.60 (d, J = 9.6 Hz, 1H), 5.38 (d, J = 9.6 

Hz, 1H), 3.74 (d, J = 15.2 Hz, 3H), 2.46 – 2.38 (m, 1H), 2.33 – 2.14 (m, 3H), 1.91 – 

1.84 (m, 1H), 1.82 – 1.75 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 194.9, 161.5, 157.5, 

146.2, 144.8, 141.7, 140.5, 138.1, 131.6, 130.5, 129.5, 128.7, 127.9, 127.3, 127.1, 126.9, 



S16 

 

126.7, 126.5, 126.4, 124.3, 122.0, 120.3, 119.0, 118.5, 114.1, 112.2, 108.4, 63.1, 62.0, 

55.4, 36.8, 36.0, 27.5, 22.0; IR (KBr): 3386, 2963, 1837, 1688, 1591, 1398, 1168, 1032, 

879 cm-1; ESI FTMS exact mass calcd for (C44H36N2O2-H)- requires m/z 599.2699, 

found m/z 599.2707; Enantiomeric excess: 73%, determined by HPLC (Daicel 

Chiralpak IA, hexane/ isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 oC, 254 nm): 

tR = 15.527 min (minor), tR = 18.253 min (major). 

 

4-((4-methoxyphenyl)amino)-3-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)furan-2(5H)-one (3al): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 55% yield (32.4 mg); yellow 

solid; m.p. 96-97 oC; [D
20 = +26.8 (c 0.60, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 7.99 (s, 1H), 7.66 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 7.2 Hz, 1H), 7.41 – 7.37 

(m, 3H), 7.32 – 7.28 (m, 1H), 7.25 – 7.16 (m, 2H), 7.14 – 6.91 (m, 8H), 6.72 (d, J = 8.8 

Hz, 2H), 6.48 (d, J = 8.8 Hz, 2H), 6.38 – 6.23 (m, 3H), 5.20 (d, J = 8.8 Hz, 1H), 4.72 – 

4.66 (m, 2H), 4.45 (d, J = 15.6 Hz, 1H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

174.2, 162.2, 157.6, 147.2, 144.2, 141.2, 140.2, 137.8, 131.1, 130.1, 129.5, 128.8, 128.0, 

127.5, 127.4, 127.0, 126.9, 126.7, 124.5, 124.0, 122.1, 120.6, 118.8, 115.6, 114.6, 114.4, 

112.4, 65.5, 61.9, 55.5, 37.4; IR (KBr): 3146, 2923, 1717, 1608, 1533, 1218, 1168, 1032, 

981, 879 cm-1; ESI FTMS exact mass calcd for (C40H32N2O3-H)- requires m/z 587.2335, 

found m/z 587.2354; Enantiomeric excess: 60%, determined by HPLC (Daicel 

Chiralpak IA, hexane/ isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 oC, 254 nm): 

tR = 5.413 min (minor), tR = 6.383 min (major). 

 

3-((4-methoxyphenyl)amino)-2-((1R,2S)-2,3,3-triphenyl-1,2,3,4-

tetrahydrocyclopenta[b]indol-1-yl)cyclopent-2-enone (3am): preparative thin layer 

chromatography (dichloromethane / ethyl acetate = 10/1); 55% yield (41.5 mg); yellow 

solid; m.p. 114-115 oC; [D
20 = +28.7 (c 0.68, acetone); >95:5 dr; 1H NMR (400 MHz, 

CDCl3) δ 8.04 (s, 1H), 7.65 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 7.39 – 7.33 

(m, 3H), 7.30 (d, J = 7.2 Hz, 1H), 7.22 – 7.14 (m, 2H), 7.11 – 7.05 (m, 2H), 7.04 – 6.96 
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(m, 6H), 6.84 (s, 1H), 6.72 – 6.69 (m, 2H), 6.51 (d, J = 8.4 Hz, 2H), 6.35 – 6.29 (m, 

2H), 5.25 (s, 1H), 4.86 (d, J = 6.6 Hz, 1H), 3.73 (s, 3H), 2.66 – 2.54 (m, 1H), 2.42 – 

2.16 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 201.8, 172.4, 157.5, 147.2, 144.5, 141.2, 

140.2, 131.6, 130.2, 129.6, 128.7, 128.1, 127.3, 127.2, 126.8, 126.7, 126.5, 125.6, 124.2, 

122.0, 120.4, 118.9, 114.2, 112.3, 112.2, 64.7, 62.0, 55.4, 32.6, 25.4; IR (KBr): 3316, 

3083, 2961, 1787, 1598, 1521, 1318, 1133, 991, 868 cm-1; ESI FTMS exact mass calcd 

for (C41H34N2O2-H)- requires m/z 585.2542, found m/z 585.2559; Enantiomeric excess: 

71%, determined by HPLC (Daicel Chiralpak IA, hexane/isopropanol = 70/30, flow 

rate 1.0 mL/min, T = 30 oC, 254 nm): tR = 4.897 min (minor), tR = 5.867 min (major). 
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6. X-ray single crystal data for product 3ai 

N
H

O N
H

Ph

Ph
Ph

PhR S

(1R,2S)-3ai  

 

The thermal ellipsoid was drawn at the 30% probability level. 

 

Empirical formula  C43 H38 N2 O 

Formula weight  598.75 

Temperature  173 K 

Wavelength  1.34139 Å 

Crystal system  Orthorhombic 

Space group  P212121 

Unit cell dimensions a = 8.7773(4) Å = 90°. 

 b = 16.6542(8) Å = 90°. 
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 c = 21.9525(10) Å  = 90°. 

Volume 3209.0(3) Å3 

Z 4 

Density (calculated) 1.239 Mg/m3 

Absorption coefficient 0.364 mm-1 

F(000) 1272 

Crystal size 0.15 x 0.1 x 0.08 mm3 

Theta range for data collection 2.898 to 60.734°. 

Index ranges -11<=h<=11, -21<=k<=21, -26<=l<=28 

Reflections collected 35258 

Independent reflections 7382 [R(int) = 0.0450] 

Completeness to theta = 53.594° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7519 and 0.6558 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7382 / 0 / 417 

Goodness-of-fit on F2 1.030 

Final R indices [I>2sigma(I)] R1 = 0.0366, wR2 = 0.0814 

R indices (all data) R1 = 0.0421, wR2 = 0.0850 

Absolute structure parameter -0.10(14) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.185 and -0.164 e.Å-3 
 


