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General Information. NMR spectra were recorded on AV2 400 or AV2 500 MHz 

Bruker spectrometers. Chemical shifts are given in ppm. The spectra are calibrated to 

the residual 1H and 13C signals of the solvents. Multiplicities are abbreviated as follows: 

singlet (s), doublet (d), triplet (t), quartet (q), doublet‐doublet (dd), quintet (quint), 

sextet (sext), septet (sept), multiplet (m), and broad (b). Infrared spectra were recorded 

on a JASCO FT/IR‐4100 spectrometer. Mass spectra were determined with a Waters 

ACQUITY H‐class UPLC/MS ACQ‐SQD by electron ionization (EI positive and 

negative) or a Finnigan TSQ7000 by electrospray ionization (ESI+). The accurate 

masses were measured by the mass spectrometry service of the EPFL by ESI‐TOF using 

a QTOF Ultima from Waters or APPI‐FT‐ICR using a linear ion trap Fourier transform 

ion cyclotron resonance mass spectrometer from Thermo Scientific. Optical rotations 

αD were obtained with a Jasco P‐2000 polarimeter (589 nm). Enantiomeric excesses 

were determined with a HPLC system using chiral stationary phase columns by 

comparing the samples with the appropriate racemic samples, column and elution 

details specified in each entry. Melting points were measured using a Stuart SMP30.  

Materials and Methods: Unless otherwise stated, starting materials were purchased 

from commercial sources. More sensitive compounds were stored in a desiccator or in 

a glove‐box if required. Solvents were purchased in HPLC quality, degassed by purging 

thoroughly with nitrogen and dried over activated molecular sieves of appropriate size. 

Alternatively, they were purged with argon and passed through alumina columns in a 

solvent purification system (Innovative Technology). Molecular sieves must be 

activated in 200 oC vacuum drying oven. Reactions were monitored by thin layer 

chromatography (TLC) using Merck TLC silica gel 60 F254. Compounds were 

visualized by UV‐light at 254 nm and by dipping the plates in an ethanolic 

vanillin/sulfuric acid solution or an aqueous potassium permanganate solution followed 

by heating. Flash column chromatography was performed over silica gel (230‐400 

mesh). The CDCl3 used in the NMR experiments was stored over anhydrous K2CO3 

before use. 
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More Reaction Condition and Scope 

 

Figure S1. Reaction of the 1a with 1-Me substituted enamide 2ag gave only complex 

mixture of products, and no desired product was obtained. 

 

 

Figure S2. Reaction of the Me-substituted naphthol 1u with 2a gave only complex 

mixture of products, and no desired product was obtained. 
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General procedure for the preparation of enamides 2: 

 

Enamides 2 were prepared according to our previously reported procedure1. Dienes 2ab 

are known compouds and their physical and spectroscopic data were reported in our 

previous publication1.  
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2,2,2-trifluoro-N-(4-phenylbut-1-en-3-yn-2-yl)acetamide (2a) 

 

2a 

70% Yield, White solid. M.p = 60 – 63 oC. 1H NMR (500 MHz, CDCl3) δ 7.57– 7.47 

(m, 2H), 7.45 (s, 1H), 6.30 (s, 1H), 5.47 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 154.9 

(q, J = 37.5 Hz), 131.8, 129.4, 128.5, 122.1, 121.2, 115.3 (q, J = 286.2 Hz), 112.6, 89.0, 

83.9; IR (neat): 3305, 3240, 1707, 1623, 1539, 1488, 1331, 1206, 1180, 1166, 880, 754, 

687; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C12H9F3NO+ 240.0631; Found 

240.0630. 

 

2,2,2-trifluoro-N-(4-(p-tolyl)but-1-en-3-yn-2-yl)acetamide (2b) 

 

2b 

63% Yield, White solid. M.p = 72 – 74 oC. 1H NMR (400 MHz, CDCl3) δ 7.47 (s, 1H), 

7.37 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.27 (s, 1H), 5.44 (s, 1H), 2.36 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 155.0 (q, J = 37.0 Hz), 139.8, 131.6, 129.3, 122.2, 

118.0, 115.3 (q, J = 286.2 Hz), 112.2, 89.2, 83.3, 21.5; IR (neat): 3277, 3227, 1707, 

1627, 1549, 1508, 1336, 1209, 1194, 1179, 1160, 878, 812; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C13H11F3NO+ 254.0787; Found 254.0786. 

 

2,2,2-trifluoro-N-(4-(4-methoxyphenyl)but-1-en-3-yn-2-yl)acetamide (2c) 

 

2c 
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48% Yield, Brown solid. M.p = 52 – 54 oC. 1H NMR (500 MHz, CDCl3) δ 7.48 (s, 1H), 

7.41 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz, 2H), 6.26 (s, 1H), 5.42 (s, 1H), 3.82 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 160.4, 154.9 (q, J = 37.5 Hz), 133.3, 122.2, 115.4 

(q, J= 286.2 Hz), 114.2, 113.1, 111.9, 89.1, 82.8, 55.3; IR (neat): 3289, 2198,1725, 1661, 

1603, 1509, 1252, 1171, 1029, 883, 832; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C13H11F3NO2
+ 270.0736; Found 270.0734. 

 

2,2,2-trifluoro-N-(4-(4-isopropylphenyl)but-1-en-3-yn-2-yl)acetamide (2d) 

 

2d 

62% Yield, Brown solid. M.p = 50 – 52 oC. 1H NMR (500 MHz, CDCl3) δ 7.45 (s, 1H), 

7.41 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 6.28 (s, 1H), 5.44 (s, 1H), 2.91 (p, J 

= 6.5 Hz, 1H), 1.25 (s, 3H), 1.24 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 155.0 (q, J = 

37.5 Hz), 150.6, 131.8, 126.7, 122.2, 118.4, 115.3 (q, J = 287.5 Hz), 112.2, 89.3, 83.3, 

34.1, 23.7; IR (neat): 3438, 3301, 2963, 2928, 1715, 1626, 1534, 1328, 1215, 1180, 

1163, 1054, 883, 833; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C15H15F3NO+ 

280.1100; Found 280.1104. 

 

N-(4-(4-(tert-butyl)phenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2e) 

 

2e 

43% Yield, Yellow solid. M.p = 46 – 49 oC. 1H NMR (500 MHz, CDCl3) δ 7.40 (s, 1H), 

7.33 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 9.0 Hz, 2H), 6.21 (s, 1H), 5.36 (s, 1H), 1.23 (s, 

9H); 13C NMR (125 MHz, CDCl3) δ 155.0 (q, J = 37.5 Hz), 152.9, 131.5, 125.5, 122.2, 

118.1, 115.3 (q, J = 286.2 Hz), 112.3, 89.2, 83.3, 34.9, 31.0; IR (neat): 2963, 2868, 
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1717, 1626, 1538, 1463, 1330, 1216, 1184, 1163, 1017, 883, 834; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C16H17F3NO+ 296.1257; Found 296.1255. 

 

N-(4-([1,1'-biphenyl]-4-yl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2f) 

 

2f 

66% Yield, Yellow solid. M.p = 107 – 108 oC. 1H NMR (500 MHz, CDCl3) δ 7.63 – 

7.48 (m, 7H), 7.46 – 7.39 (m,2H), 7.38 – 7.29 (m, 1H), 6.29 (s, 1H), 5.47 (s, 1H);13C 

NMR (125 MHz, CDCl3) δ 155.0 (q, J = 37.5 Hz), 142.2, 140.0, 132.2, 128.9, 127.9, 

127.1, 127.0, 122.2, 120.0, 115.4 (q, J = 287.5 Hz), 112.7, 89.0, 84.5; IR (neat): 3272, 

3072, 2199, 1714, 1620, 1550, 1485, 1336, 1217, 1190, 1154, 893, 839, 763, 691; 

HRMS (ESI/QTOF) m/z: [M + H]+Calcd for C18H13F3NO+ 316.0944; Found 316.0942. 

 

2,2,2-trifluoro-N-(4-(4-fluorophenyl)but-1-en-3-yn-2-yl)acetamide (2g) 

 

2g 

45% Yield, Yellow solid. M.p = 81 – 83 oC. 1H NMR (500 MHz, CDCl3) δ 7.75 (s, 1H), 

7.47 – 7.43 (m, 2H), 7.08 – 6.97 (m, 2H), 6.24 (s, 1H), 5.45 (s, 1H); 13C NMR (125 

MHz, CDCl3) δ 163.1 (d, J = 250.0 Hz), 154.9 (q, J = 37.5 Hz), 133.8 (d, J = 8.7 Hz), 

121.9, 117.3 (d, J = 3.7 Hz), 116.2 (d, J = 22.5 Hz), 115.3 (q, J = 287.5 Hz), 112.7, 

88.0, 83.6; IR (neat): 3296, 3247, 3085, 2223, 1711, 1629, 1598, 1548, 1505, 1341, 

1220, 1172, 1157, 885, 836, 738; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C12H8F4NO+ 258.0537; Found 258.0534. 

 

N-(4-(4-chlorophenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2h) 
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2h 

54% Yield, Yellow solid. M.p = 74 – 76 oC. 1H NMR (500 MHz, CDCl3) δ 7.44 – 7.38 

(m, 3H), 7.34 (d, J = 8.5 Hz, 2H), 6.29 (s, 1H), 5.47 (s, 1H); 13C NMR (125 MHz, 

CDCl3) δ 155.0 (q, J = 37.5 Hz), 135.7, 133.0, 128.9, 121.9, 119.7, 115.3 (q, J = 287.5 

Hz), 113.0, 88.0, 84.7; IR (neat): 3301, 2205, 1721, 1663, 1625, 1543, 1489, 1213, 1160, 

1090, 1015, 882, 828, 721; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C12H8ClF3NO+ 274.0241; Found 274.0240. 

 

2,2,2-trifluoro-N-(4-(4-(trifluoromethyl)phenyl)but-1-en-3-yn-2-yl)acetamide (2i) 

 

2i 

51% Yield, Brown solid. M.p = 50 – 52 oC. 1H NMR (500 MHz, CDCl3) δ 7.82 (s, 1H), 

7.62 – 7.54 (m, 4H), 6.28 (s, 1H), 5.51 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 155.2 

(q, J = 37.5 Hz), 133.1, 132.0, 131.1 (q, J = 32.5 Hz), 125.4 (q, J = 3.7 Hz), 123.8 (q, J 

= 270.0 Hz), 121.9, 115.4 (q, J = 286.2 Hz), 113.90, 87.61, 85.84; IR (neat): 3438, 3302, 

2210, 1725, 1607, 1626, 1539, 1405, 1325, 1216, 1164, 1103, 1067, 1017, 885, 847; 

HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C13H8F6NO+ 308.0505; Found 308.0502. 

 

methyl 4-(3-(2,2,2-trifluoroacetamido)but-3-en-1-yn-1-yl)benzoate (2j) 
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2j 

54% Yield, Yellow solid. M.p = 82 – 86 oC. 1H NMR (500 MHz, CDCl3) δ 8.02 (s, 1H), 

7.98 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 6.30 (s, 1H), 5.51 (s, 1H), 3.92 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 166.3, 155.0 (q, J = 37.5 Hz), 131.6, 130.4, 129.5, 

125.9, 121.9, 115.2 (q, J = 287.5 Hz), 113.7, 88.0, 86.4, 52.2; IR (neat): 3438, 3294, 

1725, 1623, 1544, 1436, 1309, 1277, 1214, 1159, 1107, 1017, 883, 768; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C14H11F3NO3
+ 298.0686; Found 298.0685. 

 

2,2,2-trifluoro-N-(4-(m-tolyl)but-1-en-3-yn-2-yl)acetamide (2k) 

 

2k 

60% Yield, Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.62 (s, 1H), 7.31 – 7.25 (m, 

2H), 7.25 – 7.20 (m, 1H), 7.20 – 7.16 (m, 1H), 6.26 (s, 1H), 5.44 (s, 1H), 2.33 (s, 3H);  

13C NMR (125 MHz, CDCl3) δ 155.0 (q, J = 37.5 Hz), 138.2, 132.2, 130.2, 128.8, 128.3, 

122.2, 121.0, 115.3 (q, J = 287.5 Hz), 112.5, 89.3, 83.5, 21.0; IR (neat): 3300, 2896, 

1716, 1622, 1565, 1545, 1366, 1016, 864; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd 

for C13H11F3NO+ 254.0787; Found 254.0785. 

 

2,2,2-trifluoro-N-(4-(3-methoxyphenyl)but-1-en-3-yn-2-yl)acetamide (2l) 

 

2l 

50% Yield, Yellow solid. M.p = 58 – 64 oC. 1H NMR (500 MHz, CDCl3) δ 7.86 (s, 1H), 

7.26 – 7.19 (m, 1H), 7.07 – 7.03 (m, 1H), 6.99 – 6.96 (m, 1H), 6.94 – 6.88 (m, 1H), 
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6.25 (s, 1H), 5.45 (s, 1H), 3.77 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.3, 155.0 (q, 

J = 37.5 Hz), 129.5, 124.2, 122.2, 122.1, 116.5, 115.8, 115.3 (q, J = 286.2 Hz), 112.9, 

88.9, 83.5, 55.1; IR (neat): 3302, 2241, 1720, 1623, 1576, 1541, 1332, 1283, 1246, 

1209, 1168, 1042, 906, 878, 684; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C13H11F3NO2
+ 270.0736; Found 270.0733. 

 

N-(4-(3-chlorophenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2m) 

 

2m 

65% Yield, Yellow solid. M.p = 51 – 52 oC. 1H NMR (500 MHz, CDCl3) δ 7.61 (s, 1H), 

7.52 – 7.43 (m, 1H), 7.42 – 7.32 (m, 2H), 7.31 – 7.22 (m, 1H), 6.29 (s, 1H), 5.48 (s, 

1H); 13C NMR (125 MHz, CDCl3) δ 155.0 (q, J = 37.5 Hz), 134.4, 131.6, 129.8, 129.7, 

129.6, 122.9, 121.8, 115.3 (q, J = 287.5 Hz), 113.4, 87.6, 84.8; IR (neat): 3305, 2942, 

1715, 1644, 1523, 1206, 1188, 902, 743; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C12H8ClF3NO+ 274.0241; Found 274.0240. 

 

2,2,2-trifluoro-N-(4-(o-tolyl)but-1-en-3-yn-2-yl)acetamide (2n) 

 

2n 

68% Yield, Yellow solid. M.p = 48 – 51 oC. 1H NMR (500 MHz, CDCl3) δ 7.44 (d, J = 

7.5 Hz, 1H), 7.39 (s, 1H), 7.31 – 7.21 (m, 2H), 7.20 – 7.14 (m, 1H), 6.28 (s, 1H), 5.46 

(s, 1H), 2.45 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 154.9 (q, J = 37.5 Hz), 140.6, 

132.1, 129.7, 129.5, 125.7, 122.2, 121.0, 115.4 (q, J = 287.5 Hz), 112.3, 88.2, 87.6, 

20.5; IR (neat): 3306, 2927, 1717, 1623, 1539, 1214, 1189, 883, 756; HRMS 
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(ESI/QTOF) m/z: [M + H]+ Calcd for C13H11F3NO+ 254.0787; Found 254.0788. 

 

N-(4-(2,4-dimethylphenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2o) 

 

2o 

52% Yield, Yellow solid. M.p = 53 – 55 oC. 1H NMR (500 MHz, CDCl3) δ 7.56 (s, 1H), 

7.32 (d, J = 7.5 Hz, 1H), 7.10 – 6.91 (m, 2H), 6.24 (s, 1H), 5.43 (s, 1H), 2.40 (s, 3H), 

2.32 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 155.0 (q, J = 37.5 Hz), 140.5, 139.7, 132.0, 

130.5, 126.5, 122.4, 117.9, 115.1 (q, J = 286.2 Hz), 112.0, 88.4, 87.0, 21.4, 20.4; IR 

(neat): 3294, 2927, 1718, 1654, 1559, 1541, 1457, 1213, 764, 749; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C14H13F3NO+ 268.0944; Found 268.0945. 

 

N-(4-(3,5-dimethylphenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2p) 

 

2p 

54% Yield, Yellow solid. M.p = 65 – 69 oC. 1H NMR (500 MHz, CDCl3) δ 7.38 (s, 1H), 

7.03 (s, 2H), 6.93 (s, 1H), 6.20 (s, 1H), 5.35 (s, 1H), 2.22 (s, 6H); 13C NMR (125 MHz, 

CDCl3) δ 154.9 (q, J = 37.5 Hz), 138.2, 131.3, 129.4, 122.2, 120.8, 115.4 (q, J = 286.2 

Hz), 112.2, 89.5, 83.3, 21.0; IR (neat): 3204, 2966, 1724, 1615, 1544, 1428, 1152, 1065, 

917; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C14H13F3NO+ 268.0944; Found 

268.0947. 

 

N-(4-(3,5-dichlorophenyl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2q) 
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2q 

73% Yield, Yellow solid. M.p = 68 – 71 oC. 1H NMR (500 MHz, CDCl3) δ 7.59 (s, 1H), 

7.45 – 7.31 (m, 3H), 6.29 (s, 1H), 5.50 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 155.0 

(q, J = 37.5 Hz), 135.2, 129.8, 129.7, 124.1, 121.6, 115.3 (q, J = 287.5 Hz), 114.1, 86.3, 

85.8; IR (neat): 3436, 3302, 1719, 1623, 1556, 1215, 1163, 859, 805, 669; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C12H7Cl2F3NO+ 307.9851; Found 307.9856. 

 

N-(4-(benzo[d][1,3]dioxol-5-yl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2r) 

 

2r 

65% Yield, White solid. M.p = 78 – 79 oC. 1H NMR (500 MHz, CDCl3) δ 7.53 (s, 1H), 

7.01 (dd, J = 8.5, 1.5 Hz, 1H), 6.92 – 6.88 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.25 (s, 

1H), 5.99 (s, 2H), 5.42 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 154.9 (q, J = 37.5 Hz), 

148.8, 147.6, 126.8, 122.2, 115.3 (q, J = 287.5 Hz), 114.4, 112.2, 111.5, 108.6, 101.5, 

89.1, 82.4; IR (neat): 3441, 3314, 2291, 2211, 1724, 1621, 1541, 1489, 1443, 1242, 

1161, 1038, 933, 811; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C13H9F3NO3
+ 

284.0529; Found 284.0527. 

 

2,2,2-trifluoro-N-(4-(naphthalen-2-yl)but-1-en-3-yn-2-yl)acetamide (2s) 

 

2s 
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78% Yield, Brown solid. M.p = 49 – 51 oC. 1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 

7.81 – 7.75 (m, 3H), 7.55 (s, 1H), 7.54 – 7.43 (m, 3H), 6.31 (s, 1H), 5.50 (s, 1H); 13C 

NMR (100 MHz, CDCl3) δ 155.0 (q, J = 38.0 Hz), 133.2, 132.7, 132.2, 128.2, 127.8, 

127.9, 127.3, 126.8, 122.1, 118.4, 115.3 (q, J = 287.0 Hz), 112.7, 89.4, 84.0; IR (neat): 

3060, 2205, 1715, 1621, 1533, 1217, 1176, 1160, 816, 746; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C16H11F3NO+ 290.0787; Found 290.0786. 

 

2,2,2-trifluoro-N-(4-(thiophen-3-yl)but-1-en-3-yn-2-yl)acetamide (2t) 

 

2t 

61% Yield, Yellow solid. M.p = 77 – 79 oC. 1H NMR (500 MHz, CDCl3) δ 7.56 (dd, J 

= 3.0, 1.0 Hz, 1H), 7.41 (s, 1H), 7.31 (dd, J = 5.0, 3.0 Hz, 1H), 7.15 (dd, J = 5.0, 1.0 

Hz, 1H), 6.29 (s, 1H), 5.45 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 154.9 (q, J = 37.5 

Hz), 130.4, 129.6, 125.9, 122.1, 120.3, 115.4 (q, J = 287.5 Hz), 112.5, 84.4, 83.6; IR 

(neat): 3293, 3283, 2214, 1725, 1682, 1626, 1539, 1326, 1171, 1205, 875, 783, 624; 

HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C10H7F3NOS+ 246.0195; Found 246.0199. 

 

N-(4-(benzofuran-3-yl)but-1-en-3-yn-2-yl)-2,2,2-trifluoroacetamide (2u) 

 

2u 

64% Yield, Brown solid. M.p = 68 – 72 oC. 1H NMR (500 MHz, CDCl3) δ 7.58 (d, J = 

7.5 Hz, 1H), 7.51 (s, 1H), 7.47 (d, J = 8.5 Hz, 1H), 7.40 – 7.35 (m, 1H), 7.29 – 7.24 (m, 

1H), 7.06 (s, 1H), 6.39 (s, 1H), 5.58 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 155.2, 

155.0 (q, J= 37.5 Hz), 137.0, 127.2, 126.4, 123.6, 121.6, 121.4, 115.3 (q, J = 287.5 Hz), 

114.4, 113.5, 111.4, 89.2, 79.5; IR (neat): 3477, 2922, 1718, 1626, 1542, 1448, 1384, 
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1207, 1165, 877, 750; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C14H9F3NO2
+ 

280.0580; Found 280.0583. 

 

2,2,2-trifluoro-N-(6-phenylhex-1-en-3-yn-2-yl)acetamide (2v) 

 

2v 

59% Yield, White solid. M.p = 45 – 48 oC. 1H NMR (500 MHz, CDCl3) δ 7.34 – 7.25 

(m, 3H), 7.26 – 7.16 (m, 3H), 6.13 (s, 1H), 5.24 (s, 1H), 2.85 (t, J = 7.5 Hz, 2H), 2.60 

(t, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 155.1 (q, J = 37.5 Hz), 140.0, 128.5, 

128.4, 126.5, 122.1, 115.3 (q, J = 287.5 Hz), 111.1, 89.7, 81.8, 34.3, 21.1; IR (neat): 

3441, 3301, 2235, 1725, 1626, 1533, 1207, 1166, 877, 750; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C20H17F3NO+ 344.1257; Found 344.1255. 

 

2,2,2-trifluoro-N-(5-phenoxypent-1-en-3-yn-2-yl)acetamide (2w) 

 

2w 

62% Yield, White solid. M.p = 62 – 64 oC. 1H NMR (500 MHz, CDCl3) δ 7.35 – 7.30 

(m, 3H), 7.06 – 6.99 (m, 1H), 6.99 – 6.93 (m, 2H), 6.27 (s, 1H), 5.41 (s, 1H), 4.81 (s, 

2H); 13C NMR (125 MHz, CDCl3) δ 157.4, 154.9 (q, J = 37.5 Hz), 129.6, 121.9, 121.2, 

115.2 (q, J = 287.5 Hz), 114.9, 113.6, 84.2, 81.9, 56.0; IR (neat): 3439, 3306, 3241, 

1726, 1626, 1599, 1539, 1495, 1374, 1330, 1212, 1169, 1012, 907, 753, 690; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C13H11F3NO2
+ 270.0736; Found 270.0741. 

 

2,2,2-trifluoro-N-(1-phenylvinyl)acetamide (2x) 

 

2x 
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58% Yield. Pale white oil. M.p = 29 – 33 oC. 1H NMR (500 MHz, CDCl3) δ 7.89 (s, 

1H), 7.37 – 7.32(m, 1H), 5.78 (s, 1H), 5.30 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 

155.6 (q, J = 37.5 Hz), 138.6, 136.2, 129.1, 128.7, 125.7, 115.6 (q, J = 286.2 Hz), 106.4; 

IR (neat): 3460, 1688, 1630, 1340, 1146, 843, 767; HRMS (ESI/QTOF) m/z: [M + H]+ 

Calcd for C10H9F3NO+ 216.0631; Found 216.0630. 

 

2,2,2-trifluoro-N-(1-(p-tolyl)vinyl)acetamide (2y) 

 

2y 

62% Yield, White solid. M.p = 87 – 89 oC. 1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 

7.28 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 5.91 (s, 1H), 5.31 (s, 1H), 2.37 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 155.4 (q, J = 37.5 Hz), 139.5, 138.4, 133.7, 129.6, 

125.6, 115.6 (q, J = 287.5 Hz), 105.3, 77.0, 21.1; IR (neat): 3221, 1732, 1596, 1203, 

1185, 912, 821; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C11H10F3NNaO+ 

252.0607; Found 252.0605. 

 

N-(1-(4-chlorophenyl)vinyl)-2,2,2-trifluoroacetamide (2z) 

 

2z 

73% Yield, White solid. M.p = 94 – 85 oC. 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 

7.37 (d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 5.91 (s, 1H), 5.35 (s, 1H); 13C NMR 

(125 MHz, CDCl3) δ 155.5 (q, J = 37.5 Hz), 137.5, 135.4, 134. 8, 129.2, 127.1, 115.5 

(q, J = 287.5 Hz), 107.0; IR (neat): 3218, 1725, 1601, 1221, 1184, 1106, 908; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C10H7F3NNaO+ 272.0060; Found 272.0056. 

 

N-(1-(4-bromophenyl)vinyl)-2,2,2-trifluoroacetamide (2aa) 
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2aa 

16% Yield, White solid. M.p = 105 – 108 oC. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J 

= 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.94 (s, 1H), 5.36 (s, 1H); 13C NMR (125 MHz, 

CDCl3) δ 155.5 (q, J = 37.5 Hz), 137.6, 135.3, 132.2, 127.4, 123.6, 115.6 (q, J = 286.2 

Hz), 107.0; IR (neat): 3284, 1717, 1548, 1202, 1178, 889, 828; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C10H8BrF3NO+ 293.9736; Found 293.9733. 

 

4-(3-(2,2,2-trifluoroacetamido)but-3-en-1-yn-1-yl)phenyl 2-(11-oxo-6,11-

dihydrodibenzo[b,e]oxepin-2-yl)acetate (2ac) 

 

2ac 

34% Yield, White solid. M.p = 123 – 126 oC. 1H NMR (400 MHz, CDCl3) δ 1H NMR 

(400 MHz, Chloroform-d) δ 8.21 (d, J = 2.0 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.60 – 

7.43 (m, 6H), 7.36 (d, J = 7.6 Hz, 1H), 7.12 – 7.04 (m, 3H), 6.28 (s, 1H), 5.45 (s, 1H), 

5.19 (s, 2H), 3.88 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 190.8, 169.4, 160.7, 154.9 (q, 

J = 37.0 Hz), 151.3, 140.3, 136.2, 133.0, 132.9, 132.6, 129.5, 129.3, 127.8, 126.8, 125.3, 

121.9, 121.8, 121.3, 118.9, 115.3 (q, J = 287.0Hz), 112.8, 88.1, 84.0, 73.6, 40.2; IR 

(neat): 3301, 1754, 1727, 1643, 1503, 1491, 1301, 1205, 1163, 1118, 1016, 908, 883, 

761; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C28H19F3NO5
+ 506.1210; Found 

506.1204. 

 

4-(3-(2,2,2-trifluoroacetamido)but-3-en-1-yn-1-yl)phenyl 6-(3-(adamantan-1-yl)-

4-methoxyphenyl)-2-naphthoate (2ad) 
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2ad 

73% Yield, White solid. M.p = 220 – 223 oC. 1H NMR (400 MHz, CDCl3) δ 8.76 (s, 

1H), 8.17 (d, J = 8.4 Hz, 1H), 8.08 – 7.95 (m, 3H), 7.84 (d, J = 8.4 Hz, 1H), 7.64 – 7.53 

(m, 4H), 7.39 (s, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 1H), 6.32 (s, 1H), 

5.49 (s, 1H), 3.91 (s, 3H), 2.19 (s, 6H), 2.11 (s, 3H), 1.81 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ 165.0, 159.1, 154.9 (q, J = 37.0 Hz), 151.8, 142.0, 139.1, 136.4, 133.1, 132.3, 

131.9, 131.2, 129.8, 128.5, 126.8, 126.0, 125.8, 125.7(2), 125.6(7), 122.2, 121.9, 118.8, 

115.3 (q, J = 288.0 Hz), 112.8, 112.1, 88.3, 84.0, 55.2, 40.6, 37.2, 37.1, 29.1; IR (neat): 

3439, 3289, 2902, 2849, 1732, 1713, 1626, 1546, 1504, 1473, 1283, 1237, 1201, 1165, 

882, 807, 740; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C40H35F3NO4
+ 650.2513; 

Found 650.2510. 

 

4-(3-(2,2,2-trifluoroacetamido)but-3-en-1-yn-1-yl)phenyl 2-(1-(4-chlorobenzoyl)-

5-methoxy-2-methyl-1H-indol-3-yl)acetate (2ae) 

 

2ae 

77% Yield, White solid. M.p = 52 – 53 oC. 1H NMR (500 MHz, CDCl3) δ 7.67 (d, J = 

8.5 Hz, 2H), 7.53 (s, 1H), 7.49 – 7.44 (m, 4H), 7.07 (d, J = 9.0 Hz, 2H), 7.04 (d, J = 2.2 

Hz, 2H), 6.88 (d, J = 9.0 Hz, 1H), 6.70 (dd, J = 9.0, 2.0 Hz, 1H), 6.28 (s, 1H), 5.45 (s, 
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1H), 3.90 (s, 2H), 3.83 (s, 3H), 2.45 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 168.8, 

168.3, 156.2, 154.9 (q, J = 37.5 Hz), 151.3, 139.4, 136.3, 133.8, 131.2, 130.9, 130.4, 

129.1, 121.9, 121.7, 118.9, 115.3 (q, J = 289.3 Hz), 115.0, 112.8, 111.8, 111.6, 101.3, 

88.1, 84.0, 55.7, 30.5, 13.3; IR (neat): 3307, 2928, 1753, 1728, 1879, 1503, 1478, 1458, 

1322, 1203, 1163, 1125, 925, 846, 754; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C31H23ClF3N2O5
+ 595.1242; Found 595.1241. 

 

4-(3-(2,2,2-trifluoroacetamido)but-3-en-1-yn-1-yl)phenyl (4R)-4-

((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)pentanoate (2af) 

 

2af 

81% Yield, White solid. M.p = 138 – 141 oC. 1H NMR (400 MHz, DMSO-d6) δ 11.13 

(s, 1H), 7.57 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 5.95 (s, 1H), 5.49 (s, 3H), 

4.09 – 3.99 (m, 1H), 3.11 – 2.94 (m, 3H), 2.90 – 2.79 (m, 1H), 2.71 – 2.61 (m, 1H), 

2.58 – 2.52 (m, 1H), 2.49 – 2.44 (m, 2H), 2.38 – 2.24 (m, 3H), 2.20 – 2.11 (m, 2H), 

1.98 – 1.81 (m, 8H), 1.79 – 1.68 (m, 2H), 1.55 – 1.45 (m, 1H), 1.29 – 1.22 (m, 1H), 

1.21 – 1.13 (m, 1H), 1.04 (s, 3H), 0.89 – 0.81 (m, 3H); 13C NMR (100 MHz, DMSO-

d6) δ 211.8, 209.5, 209.4, 173.1, 171.8, 155.1, 154.8, 154.4, 154.0, 151.0, 132.7, 122.7, 

122.4, 119.7, 118.6, 116.8, 114.6, 113.9, 111.1, 88.0, 84.6, 59.6, 56.2, 51.2, 47.9, 46.0, 

45.3, 44.5, 44.0, 42.5, 38.3, 36.1, 35.6, 35.0, 34.5, 30.9, 30.0, 27.2, 24.5, 21.1, 18.6, 

11.4; IR (neat): 3285, 3140, 3060, 2961, 2874, 2203, 1755, 1713, 1624, 1544, 1381, 

1273, 1207, 1163, 920, 882, 736, 527; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C36H40F3NNaO6
+ 662.2700; Found 662.2702. 
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Preparation of 8-(hydroxyarylmethyl)naphthalen-2-ols and 2-naphthylamines 1: 

 

8-(hydroxyarylmethyl)naphthalen-2-ols and 2-naphthylamines 1 were prepared 

according to our previously reported procedure2. Dienes 1a–1h are known compouds 

and their physical and spectroscopic data were reported in previous publication2.  

 

N-(8-(hydroxy(4-methoxyphenyl)methyl)naphthalen-2-yl)benzamide (1i) 

 

1i 

68% Yield, Red solid. M.p = 160 – 164 oC. 1H NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 

8.03 (s, 1H), 7.86 – 7.78 (m, 3H), 7.73 (d, J = 8.0 Hz, 1H), 7.68 (dd, J = 8.8, 2.0 Hz, 

1H), 7.62 (d, J = 7.2 Hz, 1H), 7.55 – 7.50 (m, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.43 – 7.37 

(m, 2H), 7.34 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.46 (s, 1H), 3.73 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 166.0, 159.1, 138.8, 135.8, 135.3, 135.0, 131.9, 131.3, 

131.1, 129.7, 128.8, 128.5, 128.0, 127.1, 125.0, 124.6, 120.0, 113.9, 113.4, 73.2, 55.3; 

IR (neat): 3529, 3312, 3059, 1645, 1499, 1429, 1280, 1254, 1173, 1032, 870, 829, 764, 
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714, 570; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C25H22NO3
+ 384.1594; Found 

384.1592. 

 

N-(8-(hydroxy(4-methoxyphenyl)methyl)naphthalen-2-yl)-2-phenylacetamide (1j) 

 

1j 

64% Yield, White solid. M.p = 84 – 88 oC. 1H NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 

7.75 – 7.45 (m, 6H), 7.40 – 7.26 (m, 8H), 6.78 (d, J = 8.0 Hz, 2H), 6.36 (s, 1H), 3.71 

(s, 3H), 3.62 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 169.4, 158.9, 138.8, 135.4, 135.2, 

134.4, 131.0(4), 130.9(8), 129.5, 129.4, 129.1, 128.4, 127.8, 127.5, 124.8, 124.5, 119.5, 

113.8, 112.9, 72.9, 55.2, 44.7; IR (neat): 3300, 3058, 2931, 1661, 1585, 1555, 1507, 

1454, 1252, 1173, 1031, 832, 749, 573; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C26H24NO3
+ 398.751; Found 398.750. 

 

N-(8-((4-fluorophenyl)(hydroxy)methyl)naphthalen-2-yl)-2-phenylacetamide (1k) 

 

1k 

70% Yield, White solid. M.p = 90 – 94 oC. 1H NMR (400 MHz, CDCl3) δ 8.34 (s, 1H), 

7.74 – 7.64 (m, 2H), 7.52 (d, J = 7.2 Hz, 1H), 7.40 – 7.31 (m, 6H), 7.31 – 7.23 (m, 3H), 

7.00 – 6.89 (m, 2H), 6.39 (s, 1H), 3.65 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 169.4, 

162.1 (d, J = 245.7 Hz), 138.8, 138.6, 135.4, 134.3, 131.1, 130.9, 129.5, 129.2, 128.0, 

128.7 (d, J = 8.0 Hz), 127.6, 125.1, 124.5, 119.4, 115.2 (d, J = 22.0 Hz), 112.7, 72.7, 

44.7; IR (neat): 3322, 3022, 1625, 1513, 1429, 1280, 1176, 1054, 997, 829, 686; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C25H21FNO2
+ 386.1551; Found 386.1550. 
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8-(1-hydroxyethyl)naphthalen-2-ol (1u) 

 

1u 

86% Yield, Brown solid. M.p = 129 – 132 oC. 1H NMR (500 MHz, (CD3)2CO)) δ 8.69 

(s, 1H), 7.90 – 7.45 (m, 5H), 7.32 – 7.05 (m, 2H), 5.48 (s, 1H), 4.35 (s, 1H), 1.55 (s, 

3H); 13C NMR (125 MHz, (CD3)2CO)) δ 155.9, 141.7, 132.7, 131.0, 129.6, 127.8, 123.2, 

123.2, 118.4, 106.2, 67.1, 25.1; IR (neat): 3621, 1678, 1640, 1273, 750, 672; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C12H12NaO2
+ 211.0730; Found 211.0728. 

 

(7-methoxynaphthalen-1-yl)(4-methoxyphenyl)methanol (1a’) 

 

1a’ 

1H NMR (400 MHz, CDCl3) δ 7.51 – 7.44 (m, 2H), 7.38 (d, J = 7.2 Hz, 1H), 7.12 – 

7.05 (m, 1H), 7.01 (d, J = 8.8 Hz, 2H), 6.97 (s, 1H), 6.86 (dd, J = 9.2, 2.4 Hz, 1H), 6.55 

(d, J = 8.8 Hz, 2H), 5.96 (s, 1H), 3.47 (s, 3H), 3.44 (s, 3H), 3.13 (s, 1H).13C NMR (100 

MHz, CDCl3) δ 158.6, 157.1, 137.7, 135.2, 131.4, 129.8, 129.1, 128.1, 127.6, 124.5, 

122.8, 117. 7, 113.5, 102.9, 73.2, 54.9. HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C19H18NaO3
+ 317.1148; Found 317.1154. 

 

General procedure for the synthesis of dihydrophenalenes 3: 

 

A 10 mL reaction tube was charged with chiral phosphoric acid A1 (10 mol %, 0.02 
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mmol, 15 mg), 1 (0.2 mmol) and 2 (1.2 equiv, 0.24 mmol), PhF (2 mL) were added 

sequentially. The reaction mixture was then stirred at 0 °C. After completion of the 

reaction (monitored by TLC), the reaction mixture was concentrated under vacuum and 

purified by column chromatography on silica gel, eluting with EtOAc/hexane to afford 

the products 3. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(phenylethynyl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3a) 

 

3a 

Compound 3a was prepared in 92% yield (92.2 mg) according to the general procedure. 

7 h. Orange Solid. M.p = 75 – 79 oC. [α]D
20 +75.2 (c 0.47, DCM). 93% ee (determined 

by HPLC, IE, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.47 

min (major), 10.34 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.25 (s, 1H), 7.85 (d, 

J = 9.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.54 – 7.43 (m, 2H), 7.37 – 7.29 (m, 3H), 

7.26 – 7.17 (m, 4H), 6.96 (d, J = 7.5 Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 6.67 (s, 1H), 

4.22 (dd, J = 13.5, 4.0 Hz, 1H), 3.82 (s, 3H), 3.46 (dd, J = 14.0, 4.0 Hz, 1H), 2.75 (t, J 

= 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.2 (q, J = 37.5 Hz), 153.3, 

135.7, 134. 8, 132.1, 130.0, 129.3, 129.2, 129.0, 128.4, 127.1, 126.8, 123.4, 120.9, 

120.4, 115.4 (q, J = 287.5 Hz), 113.0, 87.3, 86.4, 55.3, 51.3, 42.1, 40.9; IR (neat): 3425, 

3016, 2944, 1719, 1596, 1466, 1437, 1178, 842, 819, 761; HRMS (ESI/QTOF) m/z: [M 

+ H]+ Calcd for C30H23F3NO3
+ 502.1625; Found 502.1620. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(p-tolylethynyl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3b) 
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3b 

Compound 3b was prepared in 86% yield (88.5 mg) according to the general procedure. 

7 h. Pale Orange oil. [α]D
20 +86.1 (c 0.51, DCM). 94% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 10.55 min (major), 

14.27 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.8 Hz, 1H), 7.66 (d, J 

= 8.0 Hz, 1H), 7.37 (d, J = 7.6 Hz, 2H), 7.26 – 7.16 (m, 5H), 7.11 (d, J = 7.2 Hz, 2H), 

6.95 (d, J = 7.2 Hz, 1H), 6.91 (d, J = 7.6 Hz, 2H), 6.75 – 6.66 (m, 1H), 4.21 (d, J = 13.6 

Hz, 1H), 3.82 (s, 3H), 3.46 (dd, J = 13.6, 4.0 Hz, 1H), 2.74 (t, J = 13.6 Hz, 1H), 2.33 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.7, 156.1 (q, J = 37.0 Hz), 153.3, 139.6, 

135.8, 134.8, 132.0, 131.9, 129.9, 129.1, 129.0, 127.0, 126.8, 123.4, 120.4, 117.7, 115.4 

(q, J = 287.0 Hz), 116.0, 114.2, 113.0, 87.5, 85.7, 55.3, 51.3, 42.0, 40.9, 21.5; IR (neat): 

3423, 3302, 2933, 1720, 1619, 1512, 1460, 1441, 1375, 1256, 1211, 1177, 1035, 831, 

817, 764 ; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO3
+ 516.1781; 

Found 516.1791. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-((4-

methoxyphenyl)ethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3c) 

 

3c 

Compound 3c was prepared in 92% yield (97.6 mg) according to the general procedure. 

7 h. Pale Yellow oil. [α]D
20 -40.9 (c 0.53, DCM). 94% ee (determined by HPLC, IE, n-
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hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 12.98 min (major), 

19.50 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.8 Hz, 1H), 7.67 (d, J 

= 8.0 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.26 – 7.16 (m, 4H), 6.98 – 6.89 (m, 3H), 6.82 

(d, J = 8.4 Hz, 2H), 6.65 (s, 1H), 4.20 (d, J = 11.2 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 

3.47 (dd, J = 13.6, 3.6 Hz, 1H), 2.73 (t, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 160.4, 158.7, 156.1 (q, J = 37.5 Hz), 153.3, 135.8, 134.8, 133.6, 132.0, 130.0, 129.1, 

128.9, 127.1, 126.8, 123.4, 120.4, 115.4 (q, J = 289.9 Hz), 114.2, 114.0, 113.1, 112.8, 

87.5, 85.0, 55.3, 51.3, 42.0, 40.9, 25.5; IR (neat): 3346, 2863, 1735, 1602, 1515, 1444, 

1206, 1187, 832, 698; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO4
+ 

532.1730; Found 516.1733. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-1-((4-isopropylphenyl)ethynyl)-3-(4-

methoxyphenyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3d) 

 

3d 

Compound 3d was prepared in 93% yield (100.9 mg) according to the general 

procedure. 8 h. Pale Yellow oil. [α]D
20 -68.1 (c 0.49, DCM). 92% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.58 min 

(major), 12.36 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 7.85 (d, J = 

8.5 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.27 – 7.15 (m, 6H), 

6.95 (d, J = 7.0 Hz, 1H), 6.91 (d, J = 9.0 Hz, 2H), 6.64 (s, 1H), 4.21 (dd, J = 13.5, 3.5 

Hz, 1H), 3.82 (s, 3H), 3.47 (dd, J = 14.0, 4.0 Hz, 1H), 2.88 (p, J = 7.0 Hz, 1H), 2.73 (t, 

J = 13.5 Hz, 1H), 1.23 (s, 3H), 1.21 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 158.7, 

156.1 (q, J = 37.5 Hz), 153.3, 150.1, 135.8, 134.8, 132.1, 132.0, 130.0, 129.1, 129.0, 

127.1, 126.8, 126.5, 123.4, 120.4, 118.1, 115.7 (q, J = 287.5 Hz), 114.2, 113.1, 87.7, 

85.7, 55.3, 51.3, 42.0, 40.9, 34.1, 23.7; IR (neat): 3424, 2960, 2929, 1720, 1619, 1512, 
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1461, 1441, 1256, 1211, 1177, 1035, 831, 765; HRMS (ESI/QTOF) m/z: [M + H]+ 

Calcd for C33H29F3NO3
+ 544.2094; Found 544.2092. 

 

N-((1R,3S)-1-((4-(tert-butyl)phenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3e) 

 

3e 

Compound 3e was prepared in 67% yield (74.6 mg) according to the general procedure. 

9 h. Brown oil. [α]D
20 -111.2 (c 0.31, DCM). 90% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.40 min (major), 6.61 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.36 (s, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.65 

(d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.24 – 7.16 (m, 

4H), 6.95 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 6.73 (s, 1H), 4.22 (dd, J = 13.2, 

4.0 Hz, 1H), 3.80 (s, 3H), 3.47 (dd, J = 15.0, 4.0 Hz, 1H), 2.74 (t, J = 13.6 Hz, 1H), 

1.29 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 158.6, 155.5 (q, J = 37.0Hz), 153.3, 152.8, 

135.8, 134.8, 132.0, 131.8, 129.9, 129.1, 129.0, 127.0, 126.8, 125.4, 123.4, 120.4, 117.8, 

115.4 (q, J = 288.0 Hz), 114.2, 113.0, 87.5, 85.7, 55.2, 51.3, 42.0, 40.9, 34.8, 31.0; IR 

(neat): 3289, 2926, 1720, 1611, 1513, 1465, 1241, 1215, 1176, 1106, 971, 823; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C34H31F3NO3
+ 558.2251; Found 558.2250. 

 

N-((1R,3S)-1-([1,1'-biphenyl]-4-ylethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3f) 
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3f 

Compound 3f was prepared in 83% yield (95.8 mg) according to the general procedure. 

5 h. Red Solid. M.p = 85 – 89 oC. [α]D
20 -88.5 (c 0.2, DCM). 94% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm; TR = 20.89 min 

(major), 28.94 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 9.2 Hz, 1H), 

7.82 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.61 (d, J = 7.6 Hz, 4H), 7.46 – 7.30 

(m, 4H), 7.27 – 7.18 (m, 1H), 7.18– 7.03 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 (d, J 

= 8.0 Hz, 2H), 6.53 (s, 1H), 6.46 (s, 1H), 4.51 (d, J = 10.4 Hz, 1H), 3.80 (s, 3H), 3.62 

(dd, J = 12.8, 3.2 Hz, 1H), 2.33 (t, J = 12.8 Hz, 1H).13C NMR (100 MHz, CDCl3) δ 

158.6, 157.0, 155.5 (q, J = 37.0 Hz), 154.3, 140.6, 139.9, 135.5, 134.5, 132.8, 131.3, 

130.0, 129.7, 128.7, 127.3, 127.0, 126.9, 126.5, 125.8, 125.0, 117.7, 115.8 (q, J = 288.0 

Hz), 114.1, 111.8, 109.0, 60.5, 55.2, 42.7, 37.6; IR (neat): 3418, 2928, 1714, 1619, 1511, 

1486, 1259, 1211, 1177, 1034, 881, 764; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C36H27F3NO3
+ 578.1938; Found 578.1933. 

 

2,2,2-trifluoro-N-((1R,3S)-1-((4-fluorophenyl)ethynyl)-9-hydroxy-3-(4-

methoxyphenyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3g) 

 

3g 

Compound 3g was prepared in 92% yield (95.5 mg) according to the general procedure. 

7 h. Pale Yellow oil. [α]D
20 -54.1 (c 0.74, DCM). 96% ee (determined by HPLC, IE, n-
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hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm; TR = 11.00 min (major), 

13.60 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.19 (s, 1H), 7.85 (d, J = 8.9 Hz, 

1H), 7.67 (d, J = 8.0 Hz, 1H), 7.46 (dd, J = 9.0, 5.5 Hz, 2H), 7.26 – 7.16 (m, 4H), 7.02 

– 6.98 (m, 2H), 6.96 (d, J = 7.5 Hz, 1H), 6.92 (d, J = 8.5 Hz, 2H), 6.70 (s, 1H), 4.22 

(dd, J = 13.0, 3.0 Hz, 1H), 3.82 (s, 3H), 3.41 (dd, J = 14.0, 4.0 Hz, 1H), 2.75 (t, J = 13.5 

Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 163.1 (d, J = 251.2 Hz), 158.8, 156.3 (q, J = 

37.5 Hz), 153.2, 135.6, 134.7, 134.1 (d, J = 8.6 Hz), 132.1, 129.9, 129.2, 129.0, 127.1, 

126.8, 117.1 (d, J = 3.5 Hz), 115.8 (d, J = 22.5 Hz), 115.4 (q, J = 286.2 Hz), 112.9, 86.2, 

86.1, 55.3, 51.2, 42.2, 40.9; IR (neat): 3425, 2932, 1714, 1600, 1507, 1255, 1217, 1177, 

1092, 1034, 833; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C30H22F4NO3
+ 520.1530; 

Found 520.1534. 

 

N-((1R,3S)-1-((4-chlorophenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3h) 

 

3h 

Compound 3h was prepared in 94% yield (100.6 mg) according to the general 

procedure. 7 h. Yellow Solid. M.p = 80 – 82 oC. [α]D
20 -69.8 (c 0.2, DCM). 91% ee 

(determined by HPLC, IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm; 

TR = 12.23 min (major), 15.00 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.24 (s, 

1H), 7.83 (d, J = 9.2 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.28 – 

7.24 (m, 2H), 7.19 (m, 3H), 6.95 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H), 6.80 (s, 

1H), 4.23 (dd, J = 14.4, 4.0 Hz, 1H), 3.81 (s, 3H), 3.39 (dd, J = 14.0, 4.0 Hz, 1H), 2.76 

(t, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.7, 156.3 (q, J = 37.0 Hz), 153.2, 

135.6, 135.4, 134.7, 133.2, 132.1, 129.9, 129.1, 128.9, 128.7, 127.1, 126.8, 123.4, 120.3, 

119.5, 115.4 (q, J = 287.0 Hz), 114.2, 112.9, 87.5, 85.7, 55.3, 51.21, 42.2, 40.8;  IR 
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(neat): 3424, 2928, 1714, 1620, 1512, 1489, 1440, 1375, 1254, 1211, 1177, 1088, 944, 

828; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C30H22F3NO3
+ 536.1235; Found 

536.1238. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-((4-

(trifluoromethyl)phenyl)ethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3i) 

 

3i 

Compound 3i was prepared in 96% yield (109.2 mg) according to the general procedure. 

6 h. Pale Orange oil. [α]D
20 -75.8 (c 0.44, DCM). 96% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.75 min (major), 8.22 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.20 (s, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.69 

(d, J = 8.0 Hz, 1H), 7.62 – 7.52 (m, 4H), 7.27 – 7.16 (m, 4H), 6.97 (d, J = 7.2 Hz, 1H), 

6.92 (d, J = 8.0 Hz, 2H), 6.82 (s, 1H), 4.25 (d, J = 12.8 Hz, 1H), 3.82 (s, 3H), 3.38 (d, 

J = 13.6 Hz, 1H), 2.81 (t, J = 13.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.8, 156.5 

(q, J = 37.0 Hz), 153.2, 135.5, 134.6, 132.3, 132.2, 130.9 (q, J = 32.3 Hz), 129.9, 129.1, 

128.9, 127.2, 126.9, 125.3 (q, J = 3.0 Hz), 123.5, 120.4, 116.0, 115.4 (q, J = 287.0 Hz), 

114.7, 114.3, 112.8, 88.9, 85.2, 55.3, 51.1, 42.3, 40.8; IR (neat): 3420, 2922, 1712, 1622, 

1520, 1452, 1223, 1175, 1033, 830, 766; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C31H22F6NO3
+ 570.1498; Found 570.1490. 

 

Methyl 4-(((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(2,2,2-trifluoroacetamido)-

2,3-dihydro-1H-phenalen-1-yl)ethynyl)benzoate (3j) 
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3j 

Compound 3j was prepared in 96% yield (107.3 mg) according to the general procedure. 

5 h. Pale Orange oil. [α]D
20 -61.9 (c 0.45, DCM). 98% ee (determined by HPLC, IB, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 15.12 min (major), 21.3 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 9.2 

Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.26 – 7.15 (m, 4H), 7.01 – 

6.93 (m, 2H), 6.90 (d, J = 8.4 Hz, 2H), 4.26 (dd, J = 13.2, 4.0 Hz, 1H), 3.87 (s, 3H), 

3.80 (s, 3H), 3.40 (dd, J = 13.6, 3.6 Hz, 1H), 2.81 (t, J = 13.6 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ 166.3, 158.7, 156.4 (q, J = 37.0 Hz), 153.1, 135.5, 134.6, 132.1, 131.9, 

130.2, 129.9, 129.4, 129.0, 129.0, 127.1, 126.8, 125.8, 123.4, 120.3, 115.4 (q, J = 288.0 

Hz), 114.2, 112.8, 89.5, 85.5, 55.2, 52.3, 51.2, 42.1, 40.8; IR (neat): 3424, 3300, 2953, 

1720, 1605, 1511, 1438, 1277 ,1211, 1177, 1035, 830, 769; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C32H25F3NO5
+ 560.1679; Found 560.1682. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(m-tolylethynyl)-

2,3-dihydro-1H-phenalen-1-yl)acetamide (3k) 

 

3k 

Compound 3k was prepared in 95% yield (97.8 mg) according to the general procedure. 

6 h. Pale Yellow oil. [α]D
20 -47.2 (c 0.2, DCM). 85% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.62 min (major), 11.5 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.65 
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(d, J = 8.0 Hz, 1H), 7.29 – 7.12 (m, 8H), 6.95 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 8.8 Hz, 

2H), 6.74 (s, 1H), 4.22 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.46 (dd, J = 13.6, 4.0 Hz, 

1H), 2.75 (t, J = 13.6 Hz, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.7, 156.1 

(q, J = 37.0 Hz), 153.2, 138.2, 135.7, 134.8, 132.5, 132.0, 130.2, 129.9, 129.1, 129.1(1), 

129.0(8), 128.2, 127.1, 126.8, 123.4, 120.6, 120.4, 114.2, 113.0, 115.4 (q, J = 289.9 Hz), 

87.4, 86.0, 55.2, 51.3, 42.0, 40.9, 21.1; IR (neat): 3423, 2928, 1714, 1620, 1614, 1512, 

1441, 1259, 1211, 1177, 1034, 830, 764; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C31H25F3NO3
+ 516.1781; Found 516.1771. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-((3-

methoxyphenyl)ethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3l) 

 

3l 

Compound 3l was prepared in 99% yield (105.1 mg) according to the general procedure. 

7 h. Red Solid. M.p = 86 – 92 oC. [α]D
20 -66.4 (c 0.2, DCM). 97% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 17.56 min 

(major), 20.50 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.32 (s, 1H), 7.82 (d, J = 

8.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.24 – 7.15 (m, 5H), 7.06 (d, J = 7.6 Hz, 1H), 

6.98 – 6.85 (m, 5H), 6.81 (s, 1H), 4.23 (dd, J = 13.2, 2.8 Hz, 1H), 3.80 (s, 3H), 3.74 (s, 

3H), 3.45 (dd, J = 13.6, 3.6 Hz, 1H), 2.76 (t, J = 13.6 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 159.2, 158.6, 156.2 (q, J = 37.0 Hz), 153.2, 135.7, 134.7, 132.0, 129.9, 129.4, 

129.1, 128.9, 127.1, 126.7, 124.6, 123.4, 121.8, 120.3, 116.6, 116.0, 115.4 (q, J = 289.9 

Hz), 114.2, 112.9, 86.9, 86.2, 55.2, 55.2, 51.2, 42.0, 40.9; IR (neat): 3424, 2934, 1714, 

1603, 1512, 1463, 1259, 1206, 1177, 1038, 830, 764; HRMS (ESI/QTOF) m/z: [M + 

H]+ Calcd for C31H25F3NO4
+ 532.1730; Found 532.1720. 

 

N-((1R,3S)-1-((3-chlorophenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-
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dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3m) 

 

3m 

Compound 3m was prepared in 99% yield (105.8 mg) according to the general 

procedure. 7 h. Pale Yellow oil. [α]D
20 -71.6 (c 0.27, DCM). 95% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 9.18 min 

(major), 11.60 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 9.0 Hz, 1H), 

7.67 (d, J = 8.0 Hz, 1H), 7.44 (s, 1H), 7.36 – 7.29 (m, 2H), 7.25 – 7.13 (m, 6H), 6.96 

(d, J = 7.5 Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 6.80 (s, 1H), 4.24 (dd, J = 13.0, 3.0 Hz, 

1H), 3.81 (s, 3H), 3.39 (dd, J = 14.0, 4.0 Hz, 1H), 2.79 (t, J = 13.5 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 158.7, 156.3 (q, J = 37.0 Hz), 153.1, 135.5, 134.6, 134.2, 132.1, 

131.8, 130.2, 129.9, 129.6, 129.5, 129.1, 128.9, 127.1, 126.8, 123.5, 122.7, 120.4, 115.4 

(q, J = 288.0 Hz), 114.2, 112.8, 87.7, 85.3, 55.3, 51.1, 42.2, 40.8; IR (neat): 3425, 2933, 

1414, 1588, 1470, 1210, 1177, 1034, 830, 765; HRMS (ESI/QTOF) m/z: [M + H]+ 

Calcd for C30H22ClF3NO3
+ 536.1235; Found 536.1245. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(o-tolylethynyl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3n) 

 

3n 

Compound 3n was prepared in 99% yield (101.9 mg) according to the general 

procedure. 6 h. Yellow Oil. [α]D
20 -49.4 (c 0.23, DCM). 90% ee (determined by HPLC, 

IE, n-hexane/2-propanol = 99/1, v = 1.0 mL·min-1, λ = 220 nm; TR = 9.43 min (major), 

11.1 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 7.84 (d, J = 8.9 Hz, 1H), 
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7.66 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.25 – 7.15 (m, 6H), 7.15 – 7.08 (m, 

1H), 6.95 (d, J = 7.5 Hz, 1H), 6.91 (d, J = 9.0 Hz, 2H), 6.75 (d, J = 12.0 Hz, 1H), 4.24 

(d, J = 13.0 Hz, 1H), 3.80 (s, 3H), 3.50 (dd, J = 13.5, 3.5 Hz, 1H), 2.76 (t, J = 13.5 Hz, 

1H), 2.45 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.2 (q, J = 37.5 Hz), 153.3, 

140.9, 135.8, 134.9, 132.4, 132.0, 130.0, 129.6, 129.3, 129.2, 129.0, 127.1, 126.8, 125.6, 

123.4, 120.8, 120.3, 115.4 (q, J = 297.4 Hz), 114.3, 113.1, 90.3, 86.4, 55.3, 51.6, 42.3, 

41.0, 20.5; IR (neat): 3415, 2927, 1725, 1609, 1513, 1508, 1464, 1458, 1258, 1211, 

1176, 1035, 831, 758; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO3
+ 

516.1781; Found 516.1771. 

 

N-((1R,3S)-1-((2,4-dimethylphenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3o) 

 

3o 

Compound 3o was prepared in 86% yield (91.1 mg) according to the general procedure. 

6 h. Yellow Oil. [α]D
20 -48.3 (c 0.37, DCM). 78% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.14 min (major), 10.48 

min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.31 (s, 1H), 7.86 (d, J = 9.0 Hz, 1H), 7.67 

(d, J = 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.28 – 7.20 (m, 4H), 7.02 (s, 1H), 6.97 – 

6.88 (m, 4H), 6.61 (s, 1H), 4.22 (d, J = 13.0 Hz, 1H), 3.82 (s, 3H), 3.51 (dd, J = 13.5, 

3.0 Hz, 1H), 2.73 (t, J = 13.5 Hz, 1H), 2.41 (s, 3H), 2.30 (s, 3H); 13C NMR (125 MHz, 

CDCl3) δ 158.8, 156.0 (q, J = 37.5 Hz), 153.3, 140.8, 139.7, 135.9, 134.9, 132.3, 132.1, 

130.5, 130.0, 129.2, 129.0, 127.1, 126.8, 126.4, 123.4, 120.4, 117.6, 115.4 (q, J = 287.5 

Hz), 114.3, 113.1, 89.3, 87.0, 55.3, 51.5, 42.1, 41.0, 21.4, 20.5; IR (neat): 3414, 2927, 

1720, 1611, 1512, 1460, 1441, 1256, 1210, 1177, 1035, 830, 764; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C32H27F3NO3
+ 530.1938; Found 530.1937. 
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N-((1R,3S)-1-((3,5-dimethylphenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3p) 

 

3p 

Compound 3p was prepared in 95% yield (100.5 mg) according to the general 

procedure. 8 h. Pale Yellow oil. [α]D
20 -46.5 (c 0.41, DCM). 84% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.91 min 

(major), 11.74 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 7.84 (d, J = 

9.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.31 – 7.15 (m, 4H), 7.12 (s, 2H), 7.03 – 6.83 (m, 

4H), 6.62 (s, 1H), 4.21 (d, J = 16.0 Hz, 1H), 3.81 (s, 3H), 3.47 (dd, J = 13.5, 3.5 Hz, 

1H), 2.73 (t, J = 13.5 Hz, 1H), 2.27 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.1 

(q, J = 37.5 Hz), 153.3, 138.1, 135.8, 134.9, 132.0, 131.3, 130.0, 129.7, 129.2, 129.0, 

127.1, 126.8, 123.4, 120.5, 120.4, 115.4 (q, J = 287.5 Hz), 114.3, 113.1, 87.9, 85.6, 55.3, 

51.4, 42.1, 41.0, 21.0; IR (neat): 3410, 2926, 1723, 1622, 1508, 1452, 1258, 1110, 1021, 

800, 710; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C32H27F3NO3
+ 530.1938; Found 

530.1936. 

 

N-((1R,3S)-1-((3,5-dichlorophenyl)ethynyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-

dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3q) 
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3q 

Compound 3q was prepared in 82% yield (93.3 mg) according to the general procedure. 

7 h. Pale Yellow oil. [α]D
20 -60.7 (c 0.77, DCM). 94% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.78 min (major), 9.59 

min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.01 (s, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.69 

(d, J = 8.5 Hz, 1H), 7.33 (s, 3H), 7.26 – 7.23 (m, 2H), 7.18 (d, J = 8.5 Hz, 2H), 6.97 (d, 

J = 7.5 Hz, 1H), 6.92 (d, J = 9.0 Hz, 2H), 6.76 (s, 1H), 4.23 (dd, J = 13.0, 3.5 Hz, 1H), 

3.83 (s, 3H), 3.32 (dd, J = 14.0, 4.0 Hz, 1H), 2.80 (d, J = 13.0 Hz, 1H); 13C NMR (125 

MHz, CDCl3) δ 158.9, 156.8 (q, J = 37.5 Hz), 153.1, 135.4, 135.0, 134.5, 132.2, 130.2, 

129.9, 129.6, 129.2, 128.9, 127.2, 126.9, 124.0, 123.6, 120.4, 115.4 (q, J = 287.5 Hz), 

114.3, 112.7, 88.9, 83.8, 55.3, 51.1, 42.4, 40.8; IR (neat): 3401, 2930, 1713, 1610, 1583, 

1555, 1511, 1438, 1258, 1211, 1177, 830, 764; HRMS (ESI/QTOF) m/z: [M + H]+ 

Calcd for C30H21Cl2F3NO3
+ 570.0845; Found 570.0843. 

 

N-((1R,3S)-1-(benzo[d][1,3]dioxol-5-ylethynyl)-9-hydroxy-3-(4-methoxyphenyl)-

2,3-dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3r) 

 

3r 

Compound 3r was prepared in 95% yield (103.5 mg) according to the general procedure. 

5 h. Pale Pink oil. [α]D
20 -55.3 (c 0.35, DCM). 89% ee (determined by HPLC, IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 24.88 min (major), 

28.65 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.25 (s, 1H), 7.86 (d, J = 9.0 Hz, 

1H), 7.67 (d, J = 8.0 Hz, 1H), 7.26 – 7.15 (m, 4H), 7.02 (dd, J = 8.5, 1.5 Hz, 1H), 6.95 

(d, J = 7.5 Hz, 1H), 6.94 – 6.90 (m, 3H), 6.75 (d, J = 8.0 Hz, 1H), 6.64 (s, 1H), 5.96 (s, 

2H), 4.20 (d, J = 13.5 Hz, 1H), 3.83 (s, 3H), 3.43 (dd, J = 14.0, 4.0 Hz, 1H), 2.72 (t, J 

= 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.1 (q, J = 36.5 Hz), 153.3, 

148.8, 147.5, 135.8, 134.8, 132.1, 130.0, 129.2, 129.0, 127.1, 126.8, 123.4, 120.4, 115.4 
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(q, J = 297.4 Hz), 114.3, 114.0, 113.1, 111.9, 108.5, 101.5, 87.4, 84.8, 55.3, 51.3, 42.2, 

41.0; IR (neat): 3413, 2924, 1722, 1612, 1511, 1491, 1441, 1377, 1251, 1213, 1178, 

1038, 831, 784; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H23F3NO5
+ 546.1523; 

Found 546.1521. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(naphthalen-2-

ylethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3s) 

 

3s 

Compound 3s was prepared in 99% yield (109.1 mg) according to the general procedure. 

7 h. Brown Solid. M.p = 92 – 96 oC. [α]D
20 -37.1 (c 0.2, DCM). 92% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm; TR = 19.96 min 

(major), 27.16 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.33 (s, 1H), 8.01 (s, 1H), 

7.86 (d, J = 9.0 Hz, 1H), 7.79 – 7.74 (m, 3H), 7.67 (d, J = 8.0 Hz, 1H), 7.52 – 7.43 (m, 

3H), 7.28 (d, J = 9.0 Hz, 1H), 7.23 – 7.17 (m, 3H), 6.97 (d, J = 7.5 Hz, 1H), 6.91 (d, J 

= 8.5 Hz, 2H), 6.76 (s, 1H), 4.24 (d, J = 12.5 Hz, 1H), 3.80 (s, 3H), 3.49 (dd, J = 14.0, 

4.0 Hz, 1H), 2.80 (t, J = 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.7, 156.2 (q, 

J = 37.5 Hz), 153.3, 135.7, 134.8, 133.2, 132.7, 132.4, 132.1, 130.0, 129.2, 129.0, 128.1, 

127.8, 127.7, 127.2, 127.1, 126.8, 126.7, 123.5, 120.4, 118.1, 115.5 (q, J = 287.5 Hz), 

114.3, 113.0, 87.6, 86.6, 55.3, 51.4, 42.2, 41.0; IR (neat): 3417, 3055, 1714, 1620, 1509, 

1442, 1275, 1260, 1210, 1174, 832, 750, 690; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd 

for C34H25F3NO3
+ 552.1781; Found 552.1780. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(thiophen-3-

ylethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3t) 



S36 

 

 

3t 

Compound 3t was prepared in 99% yield (100.3 mg) according to the general procedure. 

3 h. Pale Orange oil. [α]D
20 -59.4 (c 0.38, DCM). 94% ee (determined by HPLC, IE, n-

hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm. 1H NMR (500 MHz, CDCl3) 

δ 8.20 (s, 1H), 7.85 (d, J = 9.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.54 (s, 1H), 7.29 – 

7.16 (m, 5H), 7.14 (d, J = 5.0 Hz, 1H), 6.95 (d, J = 7.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 

2H), 6.65 (d, J = 6.5 Hz, 1H), 4.21 (d, J = 13.0 Hz, 1H), 3.82 (s, 3H), 3.44 (dd, J = 13.5, 

3.0 Hz, 1H), 2.74 (t, J = 14.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.2 (q, 

J = 37.5 Hz), 153.2, 135.7, 134.8, 132.1, 130.6, 129.9, 129.8, 129.2, 129.0, 127.1, 126.8, 

125.7, 123.5, 120.4, 119.8, 115.4 (q, J = 297.4 Hz), 114.3, 113.0, 86.1, 82.6, 55.3, 51.3, 

42.1, 40.9; IR (neat): 3420, 2928, 1714, 1619, 1511, 1461, 1441, 1259, 1210, 1177, 

1034, 831, 764; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C28H21F3NO3S
+ 508.1189; 

Found 508.1188. 

 

N-((1R,3S)-1-((3a,7a-dihydrobenzofuran-3-yl)ethynyl)-9-hydroxy-3-(4-

methoxyphenyl)-2,3-dihydro-1H-phenalen-1-yl)-2,2,2-trifluoroacetamide (3u) 

 

3u 

Compound 3u was prepared in 99% yield (107.1 mg) according to the general 

procedure. 8 h. Pale Yellow oil. [α]D
20 -64.6 (c 0.65, DCM). 98% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm; TR = 25.15 min 

(major), 34.85 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.02 (s, 1H), 7.83 (d, J = 

9.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 
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7.33 – 7.28 (m, 1H), 7.25 – 7.20 (m, 3H), 7.17 (d, J = 8.5 Hz, 2H), 6.98 (s, 1H), 6.96 

(d, J = 7.0 Hz, 1H), 6.93 – 6.87 (m, 3H), 4.25 (dd, J = 13.0, 3.5 Hz, 1H), 3.79 (s, 3H), 

3.39 (dd, J = 14.0, 4.0 Hz, 1H), 2.84 (t, J = 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

δ 158.8, 156.5 (q, J = 37.5 Hz), 154.9, 153.0, 136.9, 135.4, 134.5, 132.2, 129.9, 129.2, 

129.0, 127.2, 126.8, 126.0, 123.5, 123.4, 121.4, 120.4, 115.4 (q, J = 287.5 Hz), 114.2, 

113.3, 113.3, 112.7, 111.3, 92.8, 76.6, 55.2, 51.3, 42.2, 40.8; IR (neat): 3311, 2931, 

1713, 1611, 1511, 1448, 1374, 1259, 1176, 1036, 830, 750; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C32H23F3NO4
+ 542.1574; Found 542.1573. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(4-phenylbut-1-yn-

1-yl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3v) 

 

3v 

Compound 3v was prepared in 77% yield (81.4 mg) according to the general procedure. 

11 h. Pale Yellow oil. [α]D
20 -15.0 (c 0.22, DCM). 92% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.10 min (major), 

9.92 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.99 (s, 1H), 7.82 (d, J = 9.0 Hz, 1H), 

7.64 (d, J = 8.0 Hz, 1H), 7.28 – 7.22 (m, 2H), 7.22 – 7.12 (m, 7H), 6.95 – 6.86 (m, 3H), 

6.43 (s, 1H), 4.11 (dd, J = 13.5, 3.5 Hz, 1H), 3.83 (s, 3H), 3.37 (dd, J = 14.0, 4.0 Hz, 

1H), 2.86 (t, J = 7.5 Hz, 2H), 2.61 (t, J = 7.5 Hz, 2H), 2.52 (t, J = 13.5 Hz, 1H).13C 

NMR (125 MHz, CDCl3) δ 158.7, 155.8 (q, J = 37.5 Hz), 153.1, 139.8, 135.9, 134.8, 

131.9, 129.9, 129.1, 128.9, 128.4(4), 128.4(3), 127.0, 126.7, 126.5, 123.4, 120.3, 115.4 

(q, J = 287.5 Hz), 114.2, 113.2, 88.0, 79.1, 55.3, 50.9, 41.8, 40.8, 34.3, 20.9; IR (neat): 

3423, 3302, 2933, 1720, 1619, 1512, 1460, 1441, 1375, 1256, 1211, 1177, 1035, 831, 

817, 764; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C32H27F3NO3
+ 530.1938; Found 

530.1936. 
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2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(3-phenoxyprop-1-

yn-1-yl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3w) 

 

3w 

Compound 3w was prepared in 98% yield (104.0 mg) according to the general 

procedure. 10 h. Pale Yellow oil. [α]D
20 -12.0 (c 0.51, DCM). 94% ee (determined by 

HPLC, IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.61 min 

(major), 9.19 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.81 (s, 1H), 

7.64 (d, J = 8.0 Hz, 1H), 7.26 – 7.17 (m, 4H), 7.14 (d, J = 8.4 Hz, 2H), 7.02 – 6.86 (m, 

6H), 6.60 (s, 1H), 4.78 (s, 2H), 4.14 (t, J = 13.2, 2.8 Hz, 1H), 3.82 (s, 3H), 3.28 (dd, J 

= 14.0, 4.0 Hz, 1H), 2.63 (t, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.7, 

157.3, 156.3 (q, J = 37.0 Hz), 153.0, 135.6, 134.5, 132.1, 129.9, 129.5, 129.1, 128.8, 

127.1, 126.7, 123.4, 121.7, 120.5, 115.3 (q, J = 288.0 Hz), 115.0, 114.2, 112.7, 85.1, 

82.0, 55.9, 55.3, 50.7, 41.8, 40.7; IR (neat): 3426, 3298, 2932, 1722, 1623, 1511, 1466, 

1262, 1206, 1102, 826, 780; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C31H25F3NO4
+ 532.1730; Found 532.1738. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-phenyl-2,3-dihydro-

1H-phenalen-1-yl)acetamide (3x) 

 

3x 

Compound 3x was prepared in 69% yield (65.8 mg) according to the general procedure. 

43 h. Pale white oil. [α]D
20 -48.6 (c 0.55, DCM). 92% ee (determined by HPLC, IE, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 11.91 min (major), 

20.24 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.5 Hz, 1H), 7.71 (d, J 
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= 8.0 Hz, 1H), 7.38 – 7.23 (m, 7H), 7.19 – 7.11 (m, 3H), 7.09 (d, J = 9.0 Hz, 1H), 6.97 

(d, J = 7.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H), 4.31 (d, J = 13.0 Hz, 1H), 3.79 (s, 3H), 

2.90 (d, J = 13.5 Hz, 1H), 2.55 (t, J = 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 

158.7, 157.4 (q, J = 37.5 Hz), 152.7, 142.0, 136.3, 134.7, 131.8, 130.8, 129.8, 129.5, 

129.0, 127.7, 127.2, 126.3, 125.1, 123.1, 121.1, 116.3, 115.9 (q, J = 287.5 Hz), 114.2, 

62.3, 55.3, 47.8, 42.0; IR (neat): 3406, 3066, 2952, 2243, 1728, 1606, 1203, 1169, 714, 

696; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H22F3NNaO3
+ 500.1444; Found 

500.1442. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(p-tolyl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3y) 

 

3y 

Compound 3y was prepared in 69% yield (67.8 mg) according to the general procedure. 

48 h. Pale white oil. [α]D
20 -49.3 (c 0.49, DCM). 80% ee (determined by HPLC, IE, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.33 min (major), 

16.32 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 9.0 Hz, 1H), 7.70 (d, J 

= 8.0 Hz, 1H), 7.26 – 7.13 (m, 8H), 7.11 (d, J = 8.5 Hz, 1H), 7.07 (s, 1H), 6.96 (d, J = 

7.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H), 4.30 (d, J = 13.0 Hz, 1H), 3.79 (s, 3H), 2.88 (d, 

J = 16.8 Hz, 1H), 2.54 (t, J = 13.5 Hz, 1H), 2.32 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ 158.7, 157.4 (q, J = 37.5 Hz), 152.8, 138.7, 137.6, 136.4, 134.8, 131.7, 130.8, 129.8, 

129.5, 127.2, 126.3, 125.0, 123.1, 121.2, 115.9 (q, J = 287.5 Hz), 116.3, 114.2, 62.1, 

55.3, 47.8, 42.0, 20.9; IR (neat): 3318, 3053, 2835, 1708, 1610, 1539, 1437, 1258, 1211, 

1178, 1034, 908, 831, 734; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C29H22F3NNaO3
+ 514.1600; Found 514.1599. 

 

N-((1R,3S)-1-(4-chlorophenyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-dihydro-1H-
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phenalen-1-yl)-2,2,2-trifluoroacetamide (3z) 

 

3z 

Compound 3z was prepared in 66% yield (67.4 mg) according to the general procedure. 

48 h. Pale white oil. [α]D
20 -52.4 (c 0.33, DCM). 80% ee (determined by HPLC, IE, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.1 min (major), 13.32 

min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 9.0 Hz, 1H), 7.72 (d, J = 8.0 

Hz, 1H), 7.30 – 7.18 (m, 5H), 7.16 – 7.10 (m, 4H), 7.07 (d, J = 9.0 Hz, 1H), 6.97 (d, J 

= 7.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 2H), 4.32 (d, J = 13.0 Hz, 1H), 3.79 (s, 3H), 2.87 (d, 

J = 14.0 Hz, 1H), 2.51 (t, J = 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.7, 157.5 

(q, J = 37.0 Hz), 152.4, 141.2, 136.2, 134.6, 133.3, 131.9, 130.7, 129.8, 129.5, 128.9, 

127.2, 126.6, 126.4, 123.3, 120.8, 116.0, 115.8 (q, J = 286.9 Hz), 114.2, 62.1, 55.3, 47.6, 

42.0; IR (neat): 3321, 3025, 2865, 2537, 1712, 1609, 1539, 1510, 1436, 1258, 1178, 

1034, 908, 830, 748; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H21ClF3NNaO3
+ 

534.1054; Found 534.1053. 

 

N-((1R,3S)-1-(4-bromophenyl)-9-hydroxy-3-(4-methoxyphenyl)-2,3-dihydro-1H-

phenalen-1-yl)-2,2,2-trifluoroacetamide (3aa) 

 

3aa 

Compound 3aa was prepared in 69% yield (76.5 mg) according to the general 

procedure. 48 h. Pale White oil. [α]D
20 -55.8 (c 0.36, DCM). 92% ee (determined by 

HPLC, IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 12.93 

min (major), 20.28 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.5 Hz, 
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1H), 7.72 (d, J = 8.0 Hz, 1H), 7.58 (s, 1H), 7.35 (d, J = 8.5 Hz, 2H), 7.29 – 7.24 (m, 

2H), 7.12 (d, J = 8.0 Hz, 2H), 7.08 – 7.02 (m, 3H), 6.97 (d, J = 7.5 Hz, 1H), 6.85 (d, J 

= 8.5 Hz, 2H), 4.32 (dd, J = 13.0, 3.5 Hz, 1H), 3.79 (s, 3H), 2.86 (dd, J = 14.0, 3.5 Hz, 

1H), 2.51 (d, J = 13.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.7, 157.5 (q, J = 37.5 

Hz), 152.4, 141.7, 136.1, 134.5, 131.9, 131.8, 130.7, 129.8, 129.5, 127.2, 126.9, 126.4, 

123.3, 121.3, 120.9, 115.9, 115.8 (q, J = 287.5 Hz), 114.2, 62.1, 55.3, 47.5, 41.9; IR 

(neat): 3425, 3050, 2216, 1688, 1610, 1542, 1505, 1256, 755, 650; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C28H22BrF3NO3
+ 556.0730; Found 556.0729. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-((E)-styryl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3ab) 

 

3ab 

Compound 3ab was prepared in 76% yield (76.4 mg) according to the general 

procedure. 7 h. Pale Yellow oil. [α]D
20 -11.6 (c 0.66, DCM). 76% ee (determined by 

HPLC, IB, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm; TR = 13.67 min 

(major), 16.35 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.02 (s, 1H), 7.85 (d, J = 

9.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.37 – 7.33 (m, 2H), 7.32 – 7.27 (m, 2H), 7.26 – 

7.22 (m, 3H), 7.16 (d, J = 8.0 Hz, 2H), 6.99 – 6.94 (m, 2H), 6.89 (d, J = 8.5 Hz, 2H), 

6.66 (d, J = 16.5 Hz, 1H), 6.53 (d, J = 16.5 Hz, 1H), 4.30 (dd, J = 13.0, 4.0 Hz, 1H), 

3.80 (s, 3H), 2.70 (dd, J = 14.0, 3.5 Hz, 1H), 2.58 (t, J = 13.0 Hz, 1H); 13C NMR (125 

MHz, CDCl3) δ 158.8, 157.3 (q, J = 36.5 Hz), 153.2, 135.8(4), 135.8(1), 134.9, 131.7, 

130.7, 130.1, 129.8, 129.7, 129.5, 128.6, 128.1, 127.3, 126.7, 126.6, 123.2, 121.3, 115.8 

(q, J = 286.2 Hz), 115.6, 114.3, 59.1, 55.3, 44.6, 41.5; IR (neat): 3308, 2928, 1708, 

1610, 1511, 1440, 1259, 1210, 1178, 1034, 829, 764, 750; HRMS (ESI/QTOF) m/z: [M 

+ H]+ Calcd for C30H25F3NO3
+ 504.1781; Found 504.1780. 
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2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-1-(phenylethynyl)-3-(m-tolyl)-2,3-dihydro-

1H-phenalen-1-yl)acetamide (3ac) 

 

3ac 

Compound 3ac was prepared in 91% yield (88.2 mg) according to the general procedure. 

12 h. Pale Yellow oil. [α]D
20 -29.8 (c 0.43, DCM). 92% ee (determined by HPLC, IB, 

n-hexane/2-propanol = 97/3, v = 1.0 mL·min-1, λ = 220 nm, 5°C; TR = 13.55 min 

(minor), 15.65 min (major)). 1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 7.86 (d, J = 

9.0 Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.52 – 7.47 (m, 2H), 7.37 – 7.28 (m, 4H), 7.26 

(s, 1H), 7.24 – 7.20 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.11 – 7.05 (m, 2H); 6.95 (d, J = 

7.5 Hz, 1H), 6.66 (s, 1H), 4.22 (dd, J = 13.5, 4.0 Hz, 1H), 3.47 (dd, J = 14.0, 4.0 Hz, 

1H), 2.78 (t, J = 14.0 Hz, 1H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 156.2 (q, J 

= 37.5 Hz), 153.3, 142.7, 138.5, 135.5, 132.1(3), 132.0(7), 129.7, 129.4, 129.2, 129.0, 

128.7, 128.4, 128.0, 127.1, 126.9, 126.1, 123.5, 120.9, 120.5, 115.4 (q, J = 287.5 Hz), 

113.0, 87.4, 86.4, 51.3, 42.0, 41.7, 21.4; IR (neat): 3428, 2923, 1720, 1619, 1513, 1490, 

1443, 1375, 1261, 1211, 1175, 832, 756, 690; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd 

for C30H23F3NO2
+ 486.1675; Found 486.1670. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-phenyl-1-(phenylethynyl)-2,3-dihydro-

1H-phenalen-1-yl)acetamide (3ad) 

 

3ad 

Compound 3ad was prepared in 98% yield (92.3 mg) according to the general 

procedure. 16 h. Pale Yellow oil. [α]D
20 -41.6 (c 1.2, DCM). 70% ee (determined by 

HPLC, IG, n-hexane/2-propanol = 98/2, v = 1.0 mL·min-1, λ = 220 nm; TR = 18.34 min 
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(major), 23.67 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.26 (s, 1H), 7.86 (d, J = 

9.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.51 – 7.47 (m, 2H), 7.41 – 7.37 (m, 2H), 7.36 – 

7.26 (m, 7H), 7.24 – 7.19 (m, 1H), 6.93 (d, J = 7.0 Hz, 1H), 6.64 (s, 1H), 4.26 (dd, J = 

13.5, 4.0 Hz, 1H), 3.49 (dd, J = 13.5, 3.5 Hz, 1H), 2.78 (t, J = 14.0 Hz, 1H); 13C NMR 

(125 MHz, CDCl3) δ 156.2 (q, J = 39.1 Hz), 153.3, 142.8, 135.4, 132.2, 132.1, 129.4, 

129.2, 129.1, 129.0, 128.9, 128.4, 127.3, 127.2, 126.9, 123.5, 120.9, 120.5, 115.4 (q, J 

= 287.5 Hz), 113.0, 87.4, 86.3, 51.3, 42.0, 41.8; IR (neat): 3424, 3060, 1719, 1619, 

1600, 1509, 1442, 1374, 1262, 1211, 1175, 831, 757, 691; HRMS (ESI/QTOF) m/z: [M 

+ H]+ Calcd for C29H21F3NO2
+ 472.1519; Found 472.1519. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-3-(naphthalen-2-yl)-1-(phenylethynyl)-2,3-

dihydro-1H-phenalen-1-yl)acetamide (3ae) 

 

3ae 

Compound 3ae was prepared in 98% yield (102.1 mg) according to the general 

procedure. 8 h. Orange Solid. M.p = 95 – 99 oC. [α]D
20 +78.5 (c 0.77, DCM). 81% ee 

(determined by HPLC, IG, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; 

TR = 9.45 min (major), 13.70 min (minor)). 1H NMR (500 MHz, CDCl3) δ 8.24 (s, 1H), 

7.90 – 7.79 (m, 5H), 7.69 (d, J = 8.0 Hz, 1H), 7.53 – 7.44 (m, 4H), 7.36 – 7.26 (m, 5H), 

7.21 – 7.17 (m, 1H), 6.94 (d, J = 7.0 Hz, 1H), 6.67 (s, 1H), 4.45 (dd, J = 13.5, 4.0 Hz, 

1H), 3.55 (dd, J = 14.0, 4.0 Hz, 1H), 2.90 (t, J = 13.5 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 156.2 (q, J = 37.5 Hz), 153.3, 140.1, 135.1, 133.6, 132.7, 132.2, 132.0, 129.4, 

129.2, 129.0, 128.7, 128.4, 128.2, 127.7(2), 127.7(0), 127.3, 127.2, 126.55 126.3, 125.9, 

123.5, 120.8, 120.5, 115.4 (q, J = 286.2 Hz), 112.9, 87.5, 86.3, 51.3, 41.9, 41.9; IR 

(neat): 3424, 3055, 1714, 1620, 1509, 1442, 1209, 1169, 832, 755; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C33H23F3NO2
+ 522.1675; Found 522.1674. 
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2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-1,3-bis(phenylethynyl)-2,3-dihydro-1H-

phenalen-1-yl)acetamide (3af) 

 

3af 

Compound 3af was prepared in 97% yield (96.0 mg) according to the general procedure. 

10 h. Red Solid. M.p = 70 – 72 oC. [α]D
20 -14.2 (c 0.2, DCM). 74% ee (determined by 

HPLC, IG, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.69 min 

(minor), 8.65 min (major)). 1H NMR (500 MHz, CDCl3) δ 8.11 (s, 1H), 7.98 (d, J = 7.0 

Hz, 1H), 7.87 (d, J = 9.0 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.55 – 7.50 (m, 4H), 7.46 – 

7.42 (m, 1H), 7.40 – 7.30 (m, 6H), 7.25 (d, J = 5.0 Hz, 1H), 6.55 (s, 1H), 4.32 (dd, J = 

13.5, 3.5 Hz, 1H), 3.78 (dd, J = 13.5, 3.5 Hz, 1H), 2.68 (d, J = 13.5 Hz, 1H); 13C NMR 

(125 MHz, CDCl3) δ 156.2 (q, J = 37.5 Hz), 153.4, 132.2, 132.1, 131.7, 130.9, 129.5, 

129.1, 128.4, 128.3, 128.2, 128.0 127.8, 126.0, 123.8, 123.0, 120.7, 115.3 (q, J = 287.5 

Hz), 112.4, 88.8, 87.8, 85.7, 84.2, 51.0, 39.8, 28.9; IR (neat): 3418, 3055, 2928, 1714, 

1621, 1512, 1490, 1443, 1260, 1221, 1170, 831, 755, 690; HRMS (ESI/QTOF) m/z: 

[M + H]+ Calcd for C31H21F3NO2
+ 496.1519; Found 496.1518. 

 

2,2,2-trifluoro-N-((1R,3S)-9-hydroxy-4-methoxy-3-(4-methoxyphenyl)-1-

(phenylethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3ag) 

 

3ag 

Compound 3ag was prepared in 96% yield (101.8 mg) according to the general 

procedure. 7 h. Brown oil. [α]D
20 +79.2 (c 0.52, DCM). 94% ee (determined by HPLC, 

IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 9.76 min (minor), 

10.91 min (major)). 1H NMR (500 MHz, CDCl3) δ 9.30 (s, 1H), 7.84 – 7.77 (m, 2H), 
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7.47 (dd, J = 7.5, 1.5 Hz, 2H), 7.34 – 7.25 (m, 3H), 7.18 (d, J = 9.0 Hz, 1H), 7.12 (d, J 

= 9.0 Hz, 1H), 6.96 (s, 2H), 6.82 (d, J = 8.5 Hz, 2H), 6.70 (s, 1H), 4.96 (dd, J = 6.0, 2.0 

Hz, 1H), 3.81 (s, 3H), 3.75 (s, 3H), 3.35 (dd, J = 14.5, 2.0 Hz, 1H), 2.90 (dd, J = 14.5, 

6.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 158.9, 156.7 (q, J = 37.5 Hz), 155.0, 154.6, 

134.1, 132.0, 131.7, 130.2, 129.1, 128.8, 128.5, 128.3, 124.2, 121.9, 119.3, 117.0, 115.1 

(q, J = 286.2 Hz), 114.8, 112.6, 109.8, 86.8, 85.7, 56.2, 55.4, 50.6, 42.8, 34.5; IR (neat): 

3341, 2934, 2839, 1713, 1617, 1509, 1463, 1443, 1260, 1211, 1175, 1079, 1033, 839, 

757; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO4
+ 532.1730; Found 

532.1729. 

 

2,2,2-trifluoro-N-((1R,3S)-3-(4-methoxyphenyl)-9-(2-phenylacetamido)-1-

(phenylethynyl)-2,3-dihydro-1H-phenalen-1-yl)acetamide (3ah) 

 

3ah 

Compound 3ah was prepared in 81% yield (100.1 mg) according to the general 

procedure. Pale yellow oil. [α]D
20 +75.5 (c 0.26, DCM). 92% ee (determined by HPLC, 

IE, n-hexane/2-propanol = 85/15, v = 1.0 mL·min-1, λ = 220 nm; TR = 9.20 min (major), 

12.51 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.56 (s, 1H), 7.90 (d, J = 8.8 Hz, 

1H), 7.71 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.38 – 7.28 (m, 6H), 7.23 – 7.10 

(m, 8H), 6.95 (d, J = 7.2 Hz, 1H), 6.89 (d, J = 8.4 Hz, 2H), 4.17 (d, J = 12.0 Hz, 1H), 

3.79 (s, 3H), 3.69 (dd, J = 15.6, 8.8 Hz, 2H), 3.59 (dd, J = 14.0, 3.2 Hz, 1H), 2.71 (t, J 

= 13.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 171.2, 158.7, 155.8 (q, J = 37.0 Hz), 

137.9, 134.3, 133.7(3), 133.6(6), 132.4, 131.8, 130.8, 129.9, 129.3, 129.0, 128.9, 128.7, 

128.3, 127.4, 126.8, 126.2, 125.9, 125.7, 125.1, 121.8, 115.4 (q, J = 289.9 Hz), 114.2, 

88.2, 85.4, 55.2, 52.4, 44.5, 42.5, 40.8; IR (neat): 3344, 3017, 2946, 2211, 1706, 1690, 

1600, 1154, 714, 658; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C38H30F3N2O3
+ 

619.2203; Found 619.2202. 
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N-((1R,3S)-1-(4-methoxyphenyl)-3-(phenylethynyl)-3-(2,2,2-trifluoroacetamido)-

2,3-dihydro-1H-phenalen-4-yl)benzamide (3ai) 

 

3ai 

Compound 3ai was prepared in 81% yield (97.8 mg) according to the general procedure. 

48 h. Pale yellow oil. [α]D
20 +71.2 (c 0.65, DCM). 92% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 13.92 min (major), 

29.73 min (minor)). 1H NMR (400 MHz, CDCl3) δ 9.77 (s, 1H), 7.98 – 7.84 (m, 4H), 

7.74 (d, J = 8.4 Hz, 1H), 7.52 – 7.43 (m, 1H), 7.39 – 7.28 (m, 4H), 7.26 – 7.22 (m, 1H), 

7.20 – 7.09 (m, 6H), 7.00 (d, J = 7.2 Hz, 1H), 6.91 (d, J = 8.8 Hz, 2H), 4.26 (dd, J = 

13.2, 3.2 Hz, 1H), 3.81 (s, 3H), 3.54 (d, J = 14.0 Hz, 1H), 2.83 (t, J = 13.6 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 166.8, 158.7, 156.1 (q, J = 37.7 Hz), 137.5, 134.5, 134.2, 

133.9, 132.3, 132.0, 131.7, 130.9, 129.9, 128.8, 128.6, 128.2, 127.3, 127.0, 126.5, 125.8, 

125.6, 124.1, 121.3, 115.4 (q, J = 288.0 Hz), 114.2, 88.1, 86.1, 55.3, 52.3, 42.9, 40.8. 

IR (neat): 3346, 3026, 2953, 2198, 1724, 1645, 1614, 1466, 1262, 1076, 722; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C37H28F3N2O3
+ 605.2047; Found 605.2045. 

 

(((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(2,2,2-trifluoroacetamido)-2,3-

dihydro-1H-phenalen-1-yl)ethynyl)phenyl 6-(3-((3r,5r,7r)-adamantan-1-yl)-4-

methoxyphenyl)-2-naphthoate (3aj) 

 

3aj 

Compound 3aj was prepared in 98% yield (178.6 mg) according to the general 
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procedure. 8 h. Orange Oil. [α]D
20 -74.6 (c 0.76, DCM). 94% ee (determined by HPLC, 

IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220 nm, 40°C; TR = 8.60 min 

(minor), 10.10 min (major)). 1H NMR (500 MHz, CDCl3) δ 8.74 (s, 1H), 8.30 (s, 1H), 

8.14 (dd, J = 8.5, 2.0 Hz, 1H), 8.03 (s, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 9.0 

Hz, 1H), 7.87 – 7.80 (m, 2H), 7.66 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 2.5 Hz, 1H), 7.59 – 

7.51 (m, 3H), 7.26 (d, J = 9.0 Hz, 1H), 7.24 – 7.16 (m, 5H), 6.98 (d, J = 8.5 Hz, 1H), 

6.95 (d, J = 7.0 Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 6.83 (s, 1H), 4.24 (dd, J = 13.0, 3.5 

Hz, 1H), 3.89 (s, 3H), 3.81 (s, 3H), 3.40 (dd, J = 14.0, 4.0 Hz, 1H), 2.77 (t, J = 13.5 Hz, 

1H), 2.19 (s, 6H), 2.10 (s, 3H), 1.80 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 164.9, 

159.0, 158.8, 156.3 (q, J = 36.5 Hz), 153.3, 151.7, 141.9, 139.1, 136.3, 135.7, 134.8, 

133.3, 132.4, 132.1, 131.8, 131.2, 130.0, 129.8, 129.2, 129.0, 128.5, 127.1, 126.8, 126.7, 

125.9, 125.8, 125.7(4), 125.6(6), 124.7, 123.4, 122.0, 120.4, 118.9, 115.5 (q, J = 287.5 

Hz), 114.3, 112.2, 112.0, 86.8, 86.3, 55.3, 55.1, 51.3, 42.2, 40.9, 40.6, 37.2, 37.1, 29.1; 

IR (neat): 3424, 2903, 2848, 1731, 1626, 1511, 1473, 1256, 1201, 1176, 1062, 1031, 

831, 809, 739; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C58H49F3NO3
+ 912.3506; 

Found 912.3505. 

 

4-(((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(2,2,2-trifluoroacetamido)-2,3-

dihydro-1H-phenalen-1-yl)ethynyl)phenyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-

methyl-1H-indol-3-yl)acetate (3ak) 

 

3ak 

Compound 3ak was prepared in 87% yield (148.9 mg) according to the general 

procedure. 8 h. Pale White oil. [α]D
20 -64.2 (c 0.87, DCM). 92% ee (determined by 

HPLC, IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220 nm, 40°C; TR = 

16.18 min (minor), 29.78 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 1H), 

7.84 (d, J = 8.8 Hz, 1H), 7.71 – 7.59 (m, 3H), 7.46 (dd, J = 8.8, 4.4 Hz, 4H), 7.27 – 7.16 
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(m, 4H), 7.04 (d, J = 8.4 Hz, 3H), 6.97 – 6.84 (m, 4H), 6.69 (dd, J = 8.4, 2.4 Hz, 2H), 

4.20 (dd, J = 13.2, 2.8 Hz, 1H), 3.89 (s, 2H), 3.82 (s, 6H), 3.38 (dd, J = 14.0, 4.0 Hz, 

1H), 2.74 (t, J = 13.6 Hz, 1H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 168.8, 168.2, 

158.8, 156.2 (q, J = 37.0 Hz), 156.1, 153.2, 151.3, 139.4, 136.3, 135.6, 134.7, 133.7, 

133.3, 132.1, 131.2, 130.8, 130.4, 129.9, 129.4, 129.1, 128.9, 127.1, 126.8, 123.4, 121.7, 

120.4, 118.7, 115.3 (q, J = 301.0 Hz), 115.0, 114.3, 112.9, 111.8, 111.7, 101.2, 86.7, 

86.2, 55.7, 55.3, 51.2, 42.1, 40.9, 30.5, 13.4; IR (neat): 3305, 3280, 2933, 1731, 1690, 

1682, 1523, 1206, 1021, 750; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C49H37ClF3N2O7
+ 857.2236 Found 857.2235. 

 

5-(((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(2,2,2-trifluoroacetamido)-2,3-

dihydro-1H-phenalen-1-yl)ethynyl)phenyl 2-(11-oxo-6,11-

dihydrodibenzo[b,e]oxepin-2-yl)acetate (3al) 

 

3al 

Compound 3al was prepared in 88% yield (135.0 mg) according to the general 

procedure. 8 h. Orange Solid. M.p = 119 – 124 oC. [α]D
20 -49.5 (c 0.36, DCM). 92% ee 

(determined by HPLC, IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220 

nm, 40°C; TR = 24.80 min (minor), 31.15 min (major)). 1H NMR (400 MHz, CDCl3) 

δ 8.23 – 8.15 (m, 2H), 7.87 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 9.2 Hz, 1H), 7.66 (d, J = 

8.4 Hz, 1H), 7.58– 7.52 (m, 1H), 7.50 – 7.44 (m, 5H), 7.35 (d, J = 7.2 Hz, 1H), 7.26 – 

7.15 (m, 3H), 7.08 – 7.02 (m, 3H), 6.94 (d, J = 7.2 Hz, 1H), 6.91 (d, J = 8.0 Hz, 2H), 

6.74 (s, 1H), 5.18 (s, 2H), 4.21 (dd, J = 13.6, 4.0 Hz, 1H), 3.86 (s, 2H), 3.81 (s, 3H), 

3.40 (dd, J = 14.0, 4.0 Hz, 1H), 2.74 (t, J = 13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 190.7, 169.4, 160.7, 158.7, 156.2 (q, J = 37.0 Hz), 153.2, 151.2, 140.3, 136.2, 135.7, 

135.5, 134.7, 133.3, 132.8, 132.6, 132.1, 129.9, 129.5, 129.3, 129.1, 128.9, 127.8, 127.1, 

126.8, 126.8, 125.2, 123.4, 121.7, 121.3, 120.4, 118.7, 115.4 (q, J = 288.0 Hz), 114.2, 
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112.9, 86.6, 86.2, 73.6, 55.3, 51.2, 42.1, 40.9, 40.2; IR (neat): 3425, 3319, 2927, 2855, 

1724, 1644, 1610, 1511, 1301, 1255, 1203, 1178, 1164, 1119, 1017, 831, 762; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C46H33F3N2O7
+ 768.2204; Found 768.2203. 

 

4-(((1R,3S)-9-hydroxy-3-(4-methoxyphenyl)-1-(2,2,2-trifluoroacetamido)-2,3-

dihydro-1H-phenalen-1-yl)ethynyl)phenyl (4R)-4-((9S,10S,13R,14S,17R)-10,13-

dimethyl-3,7,12-trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-

yl)pentanoate (3am) 

 

3am 

Compound 3am was prepared in 67% yield (120.7 mg) according to the general 

procedure. 9 h. Pale yellow oil. [α]D
20 -84.5 (c 0.62, DCM). 1H NMR (400 MHz, CDCl3) 

δ 7.83 (d, J = 9.2 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.46 (d, J = 8.8 Hz, 2H), 7.26 – 

7.14 (m, 6H), 7.03 (d, J = 8.4 Hz, 2H), 6.95 – 6.88 (m, 3H), 4.25 (t, J = 12.8, 2.8 Hz, 

1H), 3.81 (s, 3H), 3.40 (t, J = 14.0, 4.0 Hz, 1H), 2.91 – 2.73 (m, 4H), 2.69 – 2.44 (m, 

2H), 2.32 – 2.23 (m, 2H), 2.20 – 1.89 (m, 13H), 1.84 – 1.73 (m, 1H), 1.60 – 1.46 (m, 

1H), 1.36 (s, 2H), 1.06 (s, 3H), 0.89 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 212.0, 209.2, 208.7, 172.0, 158.6, 153.2, 151.2, 135.8, 134.7, 133.1, 131.8, 129.9, 

129.0, 128.9, 126.9, 126.5, 123.3, 121.7, 120.2, 118.6, 114.1, 113.0, 86.9, 85.7, 56.8, 

55.2, 51.6, 51.2, 48.8, 46.6, 45.5, 45.4, 44.8, 42.6, 42.0, 40.7, 38.5, 36.3, 35.8, 35.3, 

35.0, 31.4, 30.2, 29.6, 27.5, 25.0, 21.7, 18.6, 11.7; IR (neat): 3501, 3385, 3060, 2962, 

2875, 2216, 1755, 1714, 1620, 1505, 1378, 1162, 991, 882, 770, 520; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C54H54F3NNaO8
+ 924.3694; Found 924.3693. 

 

8,8'-(oxybis((4-methoxyphenyl)methylene))bis(2-methoxynaphthalene) (3a') 
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3a' 

1H NMR (400 MHz, CDCl3) δ 7.77 – 7.67 (m, 4H), 7.61 (d, J = 7.2 Hz, 2H), 7.34 (d, J 

= 8.0 Hz, 2H), 7.29 (d, J = 8.4 Hz, 4H), 7.23 (s, 2H), 7.08 (d, J = 10.0 Hz, 2H), 6.82 (d, 

J = 8.0 Hz, 4H), 6.33 (s, 2H), 3.74 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 159.0, 

157.4, 137.78, 135.4, 131.6, 130.1, 129.4, 128.2, 128.0, 124.8, 122.9, 117.9, 113.8, 

103.1, 73.7, 55.2, 55.1. HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C38H34NaO5
+ 

593.2298; Found 593.2292. 

 

General procedure for the synthesis of chiral 1,2-dihydronaphtho[2,1-b]furans 4.: 

 

A 10 mL reaction tube was charged with chiral phosphoric acid A1 (10 mol %, 0.02 

mmol, 15 mg), 1 (1.2 equiv, 0.24 mmol) and 2 (0.2 mmol), PhF (6 mL) were added 

sequentially. The reaction mixture was then stirred at 0 °C. After completion of the 

reaction (monitored by TLC), Ag2O (20 mol %, 0.04 mmol, 9.3 mg) and K2CO3 (2 

equiv, 0.4 mmol, 55.3 mg) were added sequentially, the reaction mixture was then 

stirred at room temperature. After completion of the reaction (monitored by TLC), the 

reaction mixture was concentrated under vacuum and purified by column 

chromatography on silica gel, eluting with EtOAc/hexane to afford the products 4 

 

N-((2aS,4S)-2-((Z)-benzylidene)-4-(4-methoxyphenyl)-3,4-dihydrophenaleno[1,9-

bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4a) 
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4a 

Compound 4a was prepared in 89% yield (89.2 mg) according to the general procedure. 

8 h. Orange Solid. M.p = 112 – 115 oC. [α]D
20 -67.9 (c 0.56, DCM). 94% ee (determined 

by HPLC, IE, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.47 

min (major), 10.34 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.8 Hz, 

1H), 7.74 (d, J = 7.6 Hz, 2H), 7.70 (d, J = 8.4 Hz, 1H), 7.40 – 7.33 (m, 3H), 7.30 – 7.23 

(m, 2H), 7.17 – 7.08 (m, 2H), 6.91 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.50 

(s, 1H), 6.41 (s, 1H), 4.50 (d, J = 10.0 Hz, 1H), 3.79 (s, 3H), 3.61 (dd, J = 13.2, 3.6 Hz, 

1H), 2.32 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.7, 156.8, 155.5 (q, 

J = 37.0 Hz), 154.4, 135.5, 134.5, 133.7, 131.2, 130.0, 129.3, 128.8, 128.4, 127.4, 126.9, 

126.5, 125.8, 125.0, 117.7, 115.3 (q, J = 288.0 Hz), 114.1, 111.8, 109.4, 60.5, 55.2, 42.7, 

37.6; IR (neat): 3281, 3052, 2835, 1719, 1512, 1239, 1177, 1062, 971, 824, 750, 694; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C30H22F3NNaO3
+ 524.1444; Found 

524.1442. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-4-methylbenzylidene)-

3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4b) 

 

4b 

Compound 4b was prepared in 83% yield (85.5 mg) according to the general procedure. 

8 h. Green oil. [α]D
20 -125.8 (c 0.48, DCM). 94% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.23 min (major), 

10.34 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J = 9.0 Hz, 1H), 7.72 (d, J 

= 8.5 Hz, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.5 Hz, 1H), 7.30 – 7.25 (m, 1H), 
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7.18 (d, J = 8.0 Hz, 2H), 7.16 – 7.09 (m, 2H), 6.92 (d, J = 7.5 Hz, 1H), 6.89 (d, J = 8.5 

Hz, 2H), 6.46 (s, 1H), 6.38 (s, 1H), 4.50 (dd, J = 12.7, 4.0 Hz, 1H), 3.81 (s, 3H), 3.61 

(dd, J = 13.5, 4.0 Hz, 1H), 2.40 – 2.26 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 158.7, 

156.2, 155.5 (q, J = 37.5 Hz), 154.5, 137.3, 135.6, 134.6, 131.2, 131.0, 130.0, 129.3, 

129.1, 128.8, 127.0, 126.5, 125.8, 125.0, 115.4 (q, J = 287.5 Hz), 114.2, 111.9, 109.3, 

60.5, 55.3, 42.8, 37.8, 21.3; IR (neat): 3283, 2927, 1719, 1647, 1610, 1512, 1465, 1239, 

1177, 971, 824, 764, 749; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO3
+ 

516.1781; Found 516.1782. 

 

2,2,2-trifluoro-N-((2aS,4S)-2-((Z)-4-methoxybenzylidene)-4-(4-methoxyphenyl)-

3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4c) 

 

4c 

Compound 4c was prepared in 48% yield (50.9 mg) according to the general procedure. 

8 h. Pink oil. [α]D
20 -149.5 (c 0.31, DCM). 96% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 9.67 min (major), 

14.46 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.8 Hz, 1H), 7.75 – 7.65 

(m, 3H), 7.36 (d, J = 8.8 Hz, 1H), 7.28 (d, J = 7.2 Hz, 1H), 7.19 – 7.09 (m, 2H), 6.95 – 

6.85 (m, 5H), 6.50 (s, 1H), 6.36 (s, 1H), 4.49 (dd, J = 12.8, 4.0 Hz, 1H), 3.81 (s, 6H), 

3.60 (dd, J = 13.2, 4.0 Hz, 1H), 2.32 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 158.8, 158.6, 155.5 (q, J = 37.0Hz), 155.3, 154.4, 135.5, 134.6, 131.1, 130.7, 130.0, 

128.7, 126.9, 126.5, 126.4, 125.7, 124.9, 117.7, 115.9, 115.3 (q, J = 288.0 Hz), 114.1, 

111.8, 109.0, 60.4, 55.3, 42.7, 37.7; IR (neat): 3279, 2932, 1722, 1710, 1610, 1528, 

1511, 1466, 1238, 1177, 1033, 971, 824; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C31H25F3NO4
+ 532.1730; Found 532.1729. 

 

2,2,2-trifluoro-N-((2aS,4S)-2-((Z)-4-isopropylbenzylidene)-4-(4-methoxyphenyl)-
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3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4d) 

 

4d 

Compound 4d was prepared in 68% yield (73.8 mg) according to the general procedure. 

9 h. Red oil. [α]D
20 -113.1 (c 0.35, DCM). 94% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.63 min (major), 7.09 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 8.0 

Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.8 Hz, 1H), 7.30 – 7.25 (m, 3H), 7.18 – 

7.09 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.46 (s, 1H), 6.40 (s, 

1H), 4.50 (dd, J = 12.8, 4.0 Hz, 1H), 3.81 (s, 3H), 3.61 (dd, J = 13.2, 4.0 Hz, 1H), 2.91 

(p, J = 6.9 Hz, 1H), 2.32 (t, J = 12.8 Hz, 1H), 1.26 (s, 3H), 1.25 (s, 3H). 

 13C NMR (100 MHz, CDCl3) δ 158.6, 156.3, 155.4 (q, J = 37.0Hz), 154.4, 148.3, 

135.5, 134.6, 131.3, 131.2, 130.0, 129.3, 128.7, 126.9, 126.5, 126.4, 125.7, 124.9, 117.7, 

115.3 (q, J = 288.0 Hz), 114.1, 111.9, 109.3, 60.5, 55.3, 42.7, 37.7, 33.9, 23.9; IR (neat): 

3268, 2957, 2867, 1718, 1647, 1610, 1512, 1465, 1239, 1176, 971, 823; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C33H29F3NO3
+ 544.2094; Found 544.2091. 

 

N-((2aS,4S)-2-((Z)-4-(tert-butyl)benzylidene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4e) 

 

4e 

Compound 4e was prepared in 82% yield (91.2 mg) according to the general procedure. 

8 h. Pale Orange oil. [α]D
20 -73.2 (c 0.42, DCM). 90% ee (determined by HPLC , IE, n-

hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.17 min (major), 12.65 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.8 Hz, 1H), 7.73 – 7.67 (m, 
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3H), 7.41 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.8 Hz, 1H), 7.31 – 7.24 (m, 1H), 7.13 (d, J 

= 6.8 Hz, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.47 (s, 1H), 6.40 (s, 

1H), 4.50 (dd, J = 12.4, 3.2 Hz, 1H), 3.80 (s, 3H), 3.61 (dd, J = 13.2, 4.0 Hz, 1H), 2.32 

(t, J = 13.2 Hz, 1H), 1.33 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 158.6, 156.4, 155.4 

(q, J = 37.0 Hz), 154.4, 150.5, 131.2, 130.9, 130.0, 129.1, 128.7, 126.9, 126.4, 125.8, 

125.4, 124.9, 117.7, 115.3 (q, J = 288.0 Hz), 114.1, 111.9, 109.2, 60.5, 55.3, 42.8, 37.7, 

34.6, 31.2; IR (neat): 3421, 3006, 2977, 1732, 1606, 1379, 1169, 1022, 826, 773; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C34H31F3NO3
+ 558.2251; Found 558.2250. 

 

N-((2aS,4S,Z)-2-([1,1'-biphenyl]-4-ylmethylene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4f) 

 

4f 

Compound 4f was prepared in 84% yield (96.9 mg) according to the general procedure. 

6 h. Pale White oil. [α]D
20 -223.4 (c 0.24, DCM). 94% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 10.61 min (major), 

15.78 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 9.2 Hz, 1H), 7.82 (d, J 

= 8.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.61 (d, J = 7.6 Hz, 4H), 7.47 – 7.24 (m, 5H), 

7.18 – 7.08 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.53 (s, 1H), 

6.46 (s, 1H), 4.51 (dd, J = 12.8, 4.0 Hz, 1H), 3.80 (s, 3H), 3.62 (dd, J = 13.2, 4.0 Hz, 

1H), 2.33 (t, J = 13.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.6, 157.0, 155.5 (q, 

J = 37.0 Hz), 154.3, 140.6, 139.9, 135.5, 134.5, 132.8, 131.3, 130.0, 129.7, 128.7, 127.3, 

127.0, 126.9, 126.5, 125.8, 125.0, 117.7, 115.3 (q, J = 288.0 Hz), 114.1, 118.8, 109.0, 

60.5, 55.2, 42.7, 37.6; IR (neat): 3280, 2933, 1733, 1710, 1625, 1598, 1466, 1160, 971, 

824; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C36H27F3NO3
+ 578.1938; Found 

578.1936. 
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2,2,2-trifluoro-N-((2aS,4S)-2-((Z)-4-fluorobenzylidene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4g) 

 

 

4g 

Compound 4g was prepared in 94% yield (97.5 mg) according to the general procedure. 

8 h. Pale Yellow oil. [α]D
20 -194.8 (c 0.39, DCM). 94% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.47 min (major), 

9.54 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 1H), 7.76 – 7.67 

(m, 3H), 7.36 (d, J = 8.8 Hz, 1H), 7.31– 7.25 (m, 1H), 7.18– 7.08 (m, 2H), 7.09 – 7.01 

(m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.48 (s, 1H), 6.38 (s, 1H), 

4.50 (dd, J = 12.4, 3.2 Hz, 1H), 3.81 (s, 3H), 3.59 (dd, J = 13.2, 4.4 Hz, 1H), 2.32 (t, J 

= 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 161.88 (d, J = 247.7 Hz), 158.7, 156.5, 

156.4, 155.6 (q, J = 37.0 Hz), 154.3, 135.5, 134.5, 131.3, 131.0 (d, J = 8.1 Hz), 129.9 

(d, J = 3.0 Hz), 128.8, 126.9, 126.5, 125.8, 125.1, 117.7, 115.3 (q, J = 288.0 Hz), 115.3 

(d, J = 21.2 Hz), 114.2, 111.8, 108.3, 60.5, 55.3, 42.7, 37.7; IR (neat): 3281, 2931, 1721, 

1698, 1629, 1522, 1221, 1156, 966, 830; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C30H22F4NO3
+ 520.1530; Found 520.1529. 

 

N-((2aS,4S)-2-((Z)-4-chlorobenzylidene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4h) 

 

 

4h 

Compound 4h was prepared in 73% yield (78.1 mg) according to the general procedure. 
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8 h. Pale Yellow oil. [α]D
20 -191.6 (c 0.65, DCM). 92% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.25 min (major), 

10.39 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.8 Hz, 1H), 7.72 (d, J 

= 8.0 Hz, 1H), 7.67 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.8 Hz, 1H), 7.35 – 7.26 (m, 3H), 

7.18 – 7.08 (m, 2H), 6.92 (d, J = 7.6 Hz, 1H), 6.88 (d, J = 8.8 Hz, 2H), 6.49 (s, 1H), 

6.37 (s, 1H), 4.50 (dd, J = 12.4, 4.0 Hz, 1H), 3.81 (s, 3H), 3.59 (dd, J = 13.2, 4.0 Hz, 

1H), 2.32 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.7, 157.2, 155.6 (q, 

J = 37.0Hz), 154.2, 135.5, 134.4, 132.9, 132.2, 131.4, 130.5, 130.0, 128.8, 128.5, 126.9, 

126.6, 125.8, 125.1, 117.6, 115.3 (q, J = 289.9 Hz), 114.1, 111.8, 108.2, 60.5, 55.3, 42.7, 

37.6; IR (neat): 3288, 2988, 1716, 1662, 1633, 1525, 1232, 1166, 830, 760; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C30H22ClF3NO3
+ 536.1235; Found 536.1233. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-4-

(trifluoromethyl)benzylidene)-3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-

yl)acetamide (4i) 

 

4i 

Compound 4i was prepared in 79% yield (89.9 mg) according to the general procedure. 

7 h. Pale White oil. [α]D
20 -103.8 (c 0.38, DCM). 97% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.64 min (major), 8.11 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 8.0 

Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.8 Hz, 1H), 

7.32 – 7.26 (m, 1H), 7.18 – 7.08 (m, 2H), 6.93 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.8 Hz, 

2H), 6.56 (s, 1H), 6.46 (s, 1H), 4.51 (dd, J = 12.4, 3.6 Hz, 1H), 3.80 (s, 3H), 3.60 (dd, 

J = 13.2, 4.0 Hz, 1H), 2.33 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.7, 

158.6, 155.7 (q, J = 37.0 Hz), 154.1, 137.3, 135.5, 134.3, 131.5, 130.0, 128.9(4), 128.9 

(q, J = 32.3 Hz), 126.9, 126.6, 125.8, 125.3, 125.2, 124.2 (q, J = 272.7 Hz), 117.6, 115.3 
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(q, J = 289.9 Hz), 114.2, 111.7, 108.0, 60.6, 55.2, 42.7, 37.5; IR (neat): 3277, 2929, 

2358, 1714, 1614, 1512, 1324, 1237, 1165, 1123, 1037, 971, 824; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C31H22F6NO3
+ 570.1498; Found 570.1496. 

 

4-((Z)-((2aS,4S)-4-(4-methoxyphenyl)-2a-(2,2,2-trifluoroacetamido)-3,4-

dihydrophenaleno[1,9-bc]furan-2(2aH)-ylidene)methyl)benzoate (4j) 

 

4j 

Compound 4j was prepared in 86% yield (96.1 mg) according to the general procedure. 

6 h. Red oil. [α]D
20 +119.5 (c 0.2, DCM). 96% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 18.14 min (major), 

25.19 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.4 Hz, 2H), 7.88 (d, J 

= 8.8 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 1H), 7.36 (d, J = 8.8 Hz, 

1H), 7.31 – 7.25 (m, 1H), 7.18 – 7.08 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 8.8 

Hz, 2H), 6.73 (d, J = 7.6 Hz, 1H), 6.46 (s, 1H), 4.52 (dd, J = 12.4, 4.0 Hz, 1H), 3.85 (s, 

3H), 3.80 (s, 3H), 3.61 (dd, J = 13.2, 4.0 Hz, 1H), 2.33 (t, J = 12.8 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 166.8, 158.7, 155.7 (q, J = 36.6 Hz), 154.2, 138.4, 135.5, 134.4, 

131.4, 130.0, 129.6, 129.1, 128.9, 128.4, 126.9, 126.5, 125.8, 125.1, 117.6, 115.3 (q, J 

= 289.9Hz), 115.9, 114.2, 111.7, 108.4, 60.7, 55.2, 52.0, 42.7, 37.6; IR (neat): 3265, 

2953, 1722, 1643, 1512, 1322, 1237, 1165, 1103, 1052, 971, 823; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C32H25F3NO5
+ 560.1679; Found 560.1677. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-3-methylbenzylidene)-

3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4k) 

 



S58 

 

 

4k 

Compound 4k was prepared in 70% yield (72.1 mg) according to the general procedure. 

7 h. Pale Yellow oil. [α]D
20 -103.5 (c 0.59, DCM). 92% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.49 min (major), 

9.51 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 9.0 Hz, 1H), 7.73 (d, J = 

8.0 Hz, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.52 (s, 1H), 7.39 (d, J = 8.5 Hz, 1H), 7.30 – 7.25 

(m, 2H), 7.18 – 7.08 (m, 2H), 7.07 (d, J = 7.5 Hz, 1H), 6.92 (d, J = 7.0 Hz, 1H), 6.89 

(d, J = 8.5 Hz, 2H), 6.46 (s, 1H), 6.39 (s, 1H), 4.50 (dd, J = 12.7, 4.0 Hz, 1H), 3.82 (s, 

3H), 3.61 (dd, J = 13.5, 4.0 Hz, 1H), 2.38 (s, 3H), 2.33 (t, J = 13.0 Hz, 1H); 13C NMR 

(125 MHz, CDCl3) δ 158.8, 156.7, 155.5 (q, J = 37.5 Hz), 154.5, 137.9, 135.6, 134.6, 

133.7, 131.2, 130.1, 130.0, 128.8, 128.3, 128.2, 127.0, 126.5, 126.5, 125.8, 125.0, 117.8, 

115.4 (q, J = 287.5 Hz), 114.2, 111.9, 109.5, 60.6, 55.3, 42.8, 37.8, 21.4; IR (neat): 3286, 

2933, 1722, 1611, 1581, 1528, 1511, 1467, 1235, 1177, 971, 824, 763; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO3
+ 516.1781; Found 516.1780. 

 

N-((2aS,4S)-2-((Z)-3-chlorobenzylidene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4l) 

 

4l 

Compound 4l was prepared in 64% yield (68.4 mg) according to the general procedure. 

8 h. Pale Yellow oil. [α]D
20 -112.4 (c 0.35, DCM). 94% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.00 min (major), 

10.59 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.8 Hz, 1H), 7.81 (s, 

1H), 7.72 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H), 7.31 – 
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7.25 (m, 2H), 7.24 – 7.19 (m, 1H), 7.18 – 7.08 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.88 

(d, J = 8.4 Hz, 2H), 6.52 (s, 1H), 6.36 (s, 1H), 4.50 (dd, J = 12.4, 4.0 Hz, 1H), 3.81 (s, 

3H), 3.59 (dd, J = 13.2, 4.0 Hz, 1H), 2.31 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 158.7, 157.7, 155.6 (q, J = 37.0 Hz), 154.2, 135.5, 134.4, 134.2, 131.4, 129.9, 

129.5, 129.0, 128.8, 127.5, 127.3, 126.8, 126.6, 125.8, 125.1, 117.5, 115.3 (q, J = 288.0 

Hz), 114.1, 111.8, 108.0, 60.5, 55.3, 42.7, 37.5; IR (neat): 3298, 2946, 1707, 1633, 1599, 

1476, 1241, 1109, 823, 714; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for 

C30H22ClF3NO3
+ 536.1235; Found 536.1233. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-2-methylbenzylidene)-

3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4m) 

 

4m 

Compound 4m was prepared in 34% yield (35.0 mg) according to the general procedure. 

7 h. Pale Yellow oil. [α]D
20 -114.2 (c 0.72, DCM). 90% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 4.24 min (major), 

6.07 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 

8.5 Hz, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.31 – 7.25 (m, 2H), 

7.21 – 7.13 (m, 4H), 6.94 (d, J = 7.5 Hz, 1H), 6.90 (d, J = 8.5 Hz, 2H), 6.59 (s, 1H), 

6.47 (s, 1H), 4.52 (dd, J = 12.5, 3.0 Hz, 1H), 3.83 (s, 3H), 3.63 (dd, J = 13.0, 4.0 Hz, 

1H), 2.43 – 2.29 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 158.8, 156.9, 155.5 (q, J = 

37.5 Hz), 154.5, 136.4, 135.5, 134.6, 132.3, 131.3, 130.1, 129.4, 128.8, 127.5, 127.0, 

126.5, 125.81, 125.01, 117.9, 115.4 (q, J = 287.5 Hz), 114.3, 112.0, 106.7, 60.5, 55.3, 

42.8, 37.9, 20.1; IR (neat): 3346, 3060, 2944, 1724, 1633, 1466, 1382, 744, 712; HRMS 

(ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO3
+ 516.1781; Found 516.1780. 

 

N-((2aS,4S)-2-((Z)-3,5-dimethylbenzylidene)-4-(4-methoxyphenyl)-3,4-
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dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4n) 

 

4n 

Compound 4n was prepared in 66% yield (69.8 mg) according to the general procedure. 

9 h. Pale Yellow oil. [α]D
20 -112.6 (c 0.22, DCM). 84% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.00 min (major), 

10.23 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 1H), 7.71 (d, J 

= 8.4 Hz, 1H), 7.44 – 7.34 (m, 3H), 7.30 – 7.24 (m, 1H), 7.18 – 7.08 (m, 2H), 6.96 – 

6.83 (m, 4H), 6.44 (s, 1H), 6.35 (s, 1H), 4.50 (dd, J = 12.4, 4.0 Hz, 1H), 3.81 (s, 3H), 

3.60 (dd, J = 13.2, 4.0 Hz, 1H), 2.37 – 2.26 (m, 7H); 13C NMR (100 MHz, CDCl3) δ 

158.8, 156.6, 155.5 (q, J = 37.0 Hz), 154.5, 137.9, 135.7, 134.7, 133.6, 131.3, 130.1, 

129.3, 128.9, 127.3, 127.0, 126.5, 125.8, 125.1, 117.8, 115.4 (q, J = 288.0 Hz), 114.2, 

112.1, 109.6, 60.7, 55.4, 42.9, 37.8, 21.4; IR (neat): 3286, 3053, 2946, 1722, 1623, 1456, 

1244, 1186, 812, 714; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C32H27F3NO3
+ 

530.1938; Found 530.1936. 

 

N-((2aS,4S)-2-((Z)-3,5-dichlorobenzylidene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4o) 

 

4o 

Compound 4o was prepared in 96% yield (109.2 mg) according to the general 

procedure. 8 h. Pale Yellow oil. [α]D
20 -108.6 (c 0.77, DCM). 95% ee (determined by 

HPLC, IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.60 min 

(major), 12.63 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J = 9.0 Hz, 1H), 
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7.74 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 1.5 Hz, 2H), 7.42 (d, J = 9.0 Hz, 1H), 7.30 (d, J = 

7.8 Hz, 1H), 7.24 – 7.21 (m, 1H), 7.18 – 7.08 (m, 2H), 6.93 (d, J = 7.5 Hz, 1H), 6.89 

(d, J = 8.5 Hz, 2H), 6.52 (s, 1H), 6.31 (s, 1H), 4.50 (dd, J = 9.0, 3.5 Hz, 1H), 3.82 (s, 

3H), 3.57 (dd, J = 9.0, 4.0 Hz, 1H), 2.30 (t, J = 12.5 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 158.8, 155.7 (q, J = 37.5 Hz), 154.1, 136.6, 135.5, 134.9, 134.3, 131.5, 130.0, 

129.0, 127.4, 127.1, 126.9, 126.7, 125.9, 125.3, 115.9 (q, J = 287.5 Hz), 116.5, 114.3, 

111.8, 106.9, 60.7, 55.3, 42.7, 37.5; IR (neat): 3405, 2929, 1724, 1687, 1584, 1558, 

1513, 1465, 1237, 1216, 1176, 971, 824, 794, 764; HRMS (ESI/QTOF) m/z: [M + H]+ 

Calcd for C30H21Cl2F3NO3
+ 570.0845; Found 570.0843. 

 

N-((2aS,4S,Z)-2-(benzo[d][1,3]dioxol-5-ylmethylene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4p) 

 

4p 

Compound 4p was prepared in 67% yield (73.0 mg) according to the general procedure. 

6 h. Pale Yellow oil. [α]D
20 -114.5 (c 0.61, DCM). 92% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 11.90 min (major), 

20.02 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.8 Hz, 1H), 7.71 (d, J 

= 8.4 Hz, 1H), 7.46 (d, J = 1.6 Hz, 1H), 7.35 (d, J = 8.8 Hz, 1H), 7.28 – 7.23 (m, 1H), 

7.18 – 7.08 (m, 2H), 7.06 (dd, J = 8.0, 1.6 Hz, 1H), 6.94 – 6.85 (m, 3H), 6.78 (d, J = 

8.0 Hz, 1H), 6.51 (s, 1H), 6.33 (s, 1H), 5.94 (dd, J = 4.8, 1.6 Hz, 2H), 4.49 (dd, J = 12.8, 

4.0 Hz, 1H), 3.81 (s, 3H), 3.58 (dd, J = 13.4, 4.0 Hz, 1H), 2.31 (t, J = 12.8 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 158.6, 155.5 (q, J = 37.0Hz), 155.5, 154.3, 147.6, 146.7, 

135.5, 134.5, 131.2, 130.0, 128.7, 128.0, 126.9, 126.4, 125.7, 125.0, 123.8, 115.8 (q, J 

= 203.0 Hz), 116.8, 114.1, 111.8, 109.3, 109.2, 108.2, 101.0, 60.5, 55.3, 42.7, 37.6; IR 

(neat): 3342, 3023, 2953, 1728, 1632, 1409, 1244, 1186, 812, 714; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C31H23F3NO5
+ 546.1523; Found 546.1522. 
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2,2,2-trifluoro-N-((2aS,4S,Z)-4-(4-methoxyphenyl)-2-(naphthalen-2-

ylmethylene)-3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4q) 

 

4q 

Compound 4q was prepared in 83% yield (91.4 mg) according to the general procedure. 

8 h. Pale Red oil. [α]D
20 -188.4 (c 0.32, DCM). 90% ee (determined by HPLC, IG, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.33 min (major), 

15.32 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.13 (s, 1H), 7.94 (dd, J = 8.4, 1.6 

Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.85 – 7.80 (m, 2H), 7.79 – 7.76 (m, 1H), 7.70 (d, J 

= 8.4 Hz, 1H), 7.47 – 7.39 (m, 3H), 7.30 – 7.24 (m, 1H), 7.18 – 7.08 (m, 2H), 6.92 (d, 

J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.57 (s, 1H), 6.53 (s, 1H), 4.52 (dd, J = 12.4, 

3.6 Hz, 1H), 3.79 (s, 3H), 3.65 (dd, J = 13.2, 4.0 Hz, 1H), 2.35 (t, J = 13.0 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 158.7, 157.1, 155.6 (q, J = 37.7 Hz), 154.4, 135.5, 134.5, 

133.4, 132.5, 131.3, 131.4, 130.0, 128.8, 128.6, 128.2, 127.9, 127.5, 127.1, 127.0, 126.5, 

126.1, 126.0, 125.8, 125.1, 117.7, 115.4 (q, J = 289.9 Hz), 114.2, 111.9, 109.5, 60.6, 

55.2, 42.8, 37.7; IR (neat): 3296, 2987, 1724, 1623, 1466, 1243, 1154, 816, 798, 714; 

HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C34H25F3NO3
+ 552.1781; Found 552.1780. 

 

2,2,2-trifluoro-N-((2aS,4S,Z)-4-(4-methoxyphenyl)-2-(thiophen-3-ylmethylene)-

3,4-dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)acetamide (4r) 

 

4r 

Compound 4r was prepared in 59% yield (59.8 mg) according to the general procedure. 

4 h. Pale Yellow oil. [α]D
20 -175.2 (c 0.63, DCM). 92% ee (determined by HPLC, IG, 
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n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.73 min (major), 

10.64 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.8 Hz, 1H), 7.71 (d, J 

= 8.4 Hz, 1H), 7.60 (d, J = 2.0 Hz, 1H), 7.47 (d, J = 4.8 Hz, 1H), 7.35 (d, J = 8.8 Hz, 

1H), 7.32 – 7.24 (m, 2H), 7.18 – 7.08 (m, 2H), 6.91 (d, J = 7.6 Hz, 1H), 6.88 (d, J = 8.8 

Hz, 2H), 6.50 (s, 2H), 4.49 (dd, J = 12.4, 3.6 Hz, 1H), 3.80 (s, 3H), 3.58 (dd, J = 13.2, 

4.0 Hz, 1H), 2.30 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.6, 155.9, 

155.5 (q, J = 36.4 Hz), 154.2, 135.5, 134.5, 134.5, 131.3, 130.0, 128.7, 128.7, 126.9, 

126.5, 125.7, 125.2, 125.0, 124.6, 115.3 (q, J = 289.9 Hz), 117.8, 114.1, 111.8, 104.0, 

60.1, 55.2, 42.7, 37.6; IR (neat): 3288, 2986, 1712, 1624, 1458, 1244, 1168, 806, 716; 

HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C28H21F3NO3S
+ 508.1189; Found 

508.1188. 

 

N-((2aS,4S,Z)-2-(benzofuran-3-ylmethylene)-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4s) 

 

4s 

Compound 4s was prepared in 65% yield (70.3 mg) according to the general procedure. 

9 h. Pale Yellow oil. [α]D
20 -166.5 (c 0.90, DCM). 97% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 17.44 min (major), 

19.95 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.8 Hz, 1H), 7.73 (d, J 

= 8.4 Hz, 1H), 7.58 (d, J = 7.3 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.8 Hz, 

1H), 7.32 – 7.25 (m, 2H), 7.23 – 7.08 (m, 4H), 6.92 (d, J = 7.2 Hz, 1H), 6.89 (d, J = 8.8 

Hz, 2H), 6.59 (s, 1H), 6.55 (s, 1H), 4.51 (dd, J = 12.4, 3.2 Hz, 1H), 3.81 (s, 3H), 3.58 

(dd, J = 13.2, 4.0 Hz, 1H), 2.32 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

158.7, 157.8, 155.6 (q, J = 37.0Hz), 154.3, 154.1, 151.0, 135.5, 134.3, 131.5, 130.0, 

129.1, 128.9, 126.9, 126.6, 125.8, 125.2, 124.4, 122.8, 120.9, 117.7, 115.3 (q, J = 

289.9Hz), 114.2, 111.8, 111.1, 107.1, 99.3, 60.3, 55.3, 42.6, 37.4; IR (neat): 3302, 2948, 
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1732, 1633, 1466, 1261, 1187, 862, 742, 713; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd 

for C32H23F3NO4
+ 542.1574; Found 542.1573. 

 

N-((2aS,4S)-2-((Z)-benzylidene)-4-(4-(methylthio)phenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4t) 

 

4t 

Compound 4t was prepared in 47% yield (48.6 mg) according to the general procedure. 

8 h. Yellow Solid. M.p = 137 – 142 oC. [α]D
20 -160.6 (c 0.55, DCM). 93% ee 

(determined by HPLC, IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; 

TR = 6.80 min (major), 7.80 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 

9.0 Hz, 1H), 7.77 – 7.71 (m, 3H), 7.41 – 7.35 (m, 3H), 7.30 – 7.22 (m, 4H), 7.18 – 7.08 

(m, 2H), 6.92 (d, J = 7.0 Hz, 1H), 6.46 (s, 1H), 6.41 (s, 1H), 4.51 (d, J = 9.5 Hz, 1H), 

3.63 (dd, J = 13.0, 3.5 Hz, 1H), 2.49 (s, 3H), 2.33 (d, J = 12.5 Hz, 1H); 13C NMR (125 

MHz, CDCl3) δ 156.8, 155.5 (q, J = 37.5 Hz), 154.4, 139.4, 137.2, 135.0, 133.7, 131.3, 

129.5, 129.3, 128.8, 128.4, 127.4, 127.1, 126.9, 126.5, 125.9, 125.0, 117.6, 115.3 (q, J 

= 287.5 Hz), 111.9, 109.4, 60.5, 43.1, 37.5, 15.9; IR (neat): 3463, 3006, 1714, 1582, 

1466, 1274, 1260, 1163, 1092, 971, 764, 750; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd 

for C30H23F3NO2S
+ 518.1396; Found 518.1395. 

 

N-((2aS,4S)-2-((Z)-benzylidene)-4-(4-fluorophenyl)-3,4-dihydrophenaleno[1,9-

bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4u) 

 

4u 
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Compound 4u was prepared in 88% yield (94.8 mg) according to the general procedure. 

24 h. Pale yellow oil. [α]D
20 -136.5 (c 0.76, DCM). 80% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 92/8, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.98 min (major), 

6.91 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.8 Hz, 1H), 7.74 (d, J = 

8.0 Hz, 3H), 7.43 – 7.33 (m, 3H), 7.32 – 7.25 (m, 2H), 7.19 (s, 2H), 7.09 – 7.01 (m, 

2H), 6.89 (d, J = 7.2 Hz, 1H), 6.44 (s, 1H), 6.42 (s, 1H), 4.54 (d, J = 9.6 Hz, 1H), 3.64 

(dd, J = 13.2, 4.0 Hz, 1H), 2.33 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

162.0 (d, J = 244 Hz), 156.7, 155.6 (q, J = 37.0 Hz), 154.5, 135.0, 133.7, 131.4, 130.6, 

129.4, 128.8, 128.4, 128.2 (d, J = 3.0 Hz), 127.5, 126.9, 126.4, 126.0, 125.0, 117.6, 

115.7 (d, J = 22.0 Hz), 115.3 (q, J = 287.0 Hz), 112.0, 109.5, 60.5, 42.9, 37.7; IR (neat): 

3409, 3283, 3042, 1714, 1650, 1509, 1466, 1266, 1238, 1160, 971, 824, 750, 693, 522; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C29H19F4NNaO2
+ 512.1244; Found 

512.1243. 

 

N-((2aS,4S)-2-((Z)-benzylidene)-5-methoxy-4-(4-methoxyphenyl)-3,4-

dihydrophenaleno[1,9-bc]furan-2a(2H)-yl)-2,2,2-trifluoroacetamide (4v) 

 

4v 

Compound 4v was prepared in 66% yield (70.3 mg) according to the general procedure. 

8 h. Pale Yellow oil. [α]D
20 -175.2 (c 0.78, DCM). 94% ee (determined by HPLC, IG, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 15.13 min (major), 

18.25 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.83 (m, 2H), 7.72 (d, J = 

7.2 Hz, 2H), 7.39 – 7.31 (m, 2H), 7.24 – 7.19 (m, 3H), 7.05 (s, 2H), 6.79 (d, J = 8.0 Hz, 

2H), 6.28 (s, 1H), 5.86 (s, 1H), 4.83 (d, J = 5.6 Hz, 1H), 3.83 (s, 3H), 3.79 – 3.73 (m, 

4H), 2.34 (dd, J = 14.0, 6.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 158.2, 157.8, 156.1, 

155.4, 154.6 (q, J = 37.0 Hz), 135.0, 133.9, 131.2, 129.2, 128.8, 128.6, 128.5, 128.2, 

127.1, 124.4, 116.1, 115.3 (q, J = 289.9 Hz), 114.0, 111.8, 109.6, 108.4, 59.8, 56.1, 55.3, 
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37.0, 35.7; IR (neat): 3286, 3048, 2963, 2833, 1724, 1598, 1233, 1177, 1061, 824, 716, 

695; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C31H25F3NO4
+ 532.1730; Found 

532.1725. 

 

General procedure for the synthesis of chiral dihydrobenzo[e]indoles 5.  

A 10 mL reaction tube was charged with chiral phosphoric acid A1 (10 mol %, 0.02 

mmol, 15 mg), 1 (1.2 equiv, 0.24 mmol) and 2 (0.2 mmol), PhF (6 mL) were added 

sequentially. The reaction mixture was then stirred at 0 °C. After completion of the 

reaction (monitored by TLC), Ag2O (20 mol %, 0.04 mmol, 9.3 mg) and K2CO3 (2 

equiv, 0.4 mmol, 55.3 mg) were added sequentially, the reaction mixture was then 

stirred at room temperature. After completion of the reaction (monitored by TLC), the 

reaction mixture was concentrated under vacuum and purified by column 

chromatography on silica gel, eluting with EtOAc/hexane to afford the products 5. 

 

N-((2aS,4S)-2-((Z)-benzylidene)-4-(4-methoxyphenyl)-1-(2-phenylacetyl)-1,2,3,4-

tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-yl)-2,2,2-trifluoroacetamide (5a) 

 

5a 

Compound 5a was prepared in 77% yield (95.2 mg) according to the general procedure. 

68 h. Pale Yellow oil. [α]D
20 -103.2 (c 0.23, DCM). 92% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.28 min (major), 

11.35 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.8 Hz, 1H), 7.95 (d, J 

= 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.50 (d, J = 7.2 Hz, 2H), 7.42 – 7.36 (m, 2H), 
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7.35 – 7.27 (m, 2H), 7.21 – 7.13 (m, 5H), 6.97 – 6.92 (m, 3H), 6.89 (d, J = 8.8 Hz, 2H), 

6.84 (s, 1H), 6.45 (s, 1H), 4.41 (dd, J = 12.8, 4.0 Hz, 1H), 3.80 (s, 3H), 3.71 (d, J = 16.0 

Hz, 1H), 3.55 (dd, J = 13.2, 4.0 Hz, 1H), 3.21 (d, J = 15.6 Hz, 1H), 2.35 (t, J = 13.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 171.2, 158.7, 156.2 (q, J = 37.0 Hz), 142.1, 139.8, 

136.2, 134.7, 134.4, 134.1, 130.4, 130.3, 130.0, 129.3, 129.2, 128.8, 128.6, 128.3, 126.9, 

126.4, 125.9, 125.9, 122.5, 120.2, 115.2 (q, J = 288.0 Hz), 114.2, 59.1, 55.3, 42.4, 41.2, 

36.9; IR (neat): 3288, 3209, 2964, 2928, 1694, 1633, 1604, 1366, 1195, 894, 716; 

HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C38H29F3N2NaO3
+ 641.2023; Found 

641.2020. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-4-methylbenzylidene)-1-

(2-phenylacetyl)-1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-

yl)acetamide (5b) 

 

5b 

Compound 5b was prepared in 79% yield (99.8 mg) according to the general procedure. 

68 h. Red oil. [α]D
20 -126.4 (c 0.63, DCM). 97% ee (determined by HPLC, IE, n-

hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.40 min (major), 

13.50 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 8.8 Hz, 1H), 7.94 (d, J 

= 8.8 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.32 (d, J = 7.6 Hz, 

1H), 7.22 – 7.12 (m, 7H), 6.98 – 6.93 (m, 3H), 6.89 (d, J = 8.8 Hz, 2H), 6.80 (s, 1H), 

6.42 (s, 1H), 4.40 (dd, J = 12.8, 3.6 Hz, 1H), 3.80 (s, 3H), 3.72 (d, J = 15.6 Hz, 1H), 

3.54 (dd, J = 13.6, 4.4 Hz, 1H), 3.26 (d, J = 16.0 Hz, 1H), 2.39 – 2.30 (m, 4H); 13C 

NMR (100 MHz, CDCl3) δ 171.3, 158.7, 156.5 (q, J = 37.0 Hz), 141.4, 139.9, 138.6, 

136.2, 134.7, 134.2, 131.4, 130.3, 130.0, 129.9, 129.3, 128.7, 128.3, 126.9, 126.3, 125.9, 

125.8, 122.6, 120.24, 118.6, 115.2 (q, J = 288.0 Hz), 114.2, 59.1, 55.3, 42.4, 41.2, 36.9, 

21.3; IR (neat): 3304, 3066, 2958, 1614, 1482, 1382, 1196, 916, 854, 721; HRMS 
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(ESI/QTOF) m/z: [M + Na]+ Calcd for C39H31F3N2NaO3
+ 655.2179; Found 655.2182.  

 

2,2,2-trifluoro-N-((2aS,4S)-2-((Z)-4-methoxybenzylidene)-4-(4-methoxyphenyl)-

1-(2-phenylacetyl)-1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-

yl)acetamide (5c) 

 

5c 

Compound 5c was prepared in 56% yield (72.6 mg) according to the general procedure. 

68 h. Pale Yellow oil. [α]D
20 -111.2 (c 0.86, DCM). 94% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 11.31 min (major), 

19.86 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.8 Hz, 1H), 7.95 (d, J 

= 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 7.6 Hz, 

1H), 7.23 – 7.13 (m, 5H), 7.02 – 6.97 (m, 2H), 6.97 – 6.87 (m, 5H), 6.77 (s, 1H), 6.40 

(s, 1H), 4.40 (dd, J = 12.8, 4.0 Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.75 (d, J = 15.6 Hz, 

1H), 3.54 (dd, J = 13.2, 4.0 Hz, 1H), 3.32 (d, J = 15.6 Hz, 1H), 2.35 (d, J = 13.2 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 171.4, 159.6, 158.7, 156.2 (q, J = 38.4 Hz), 140.4, 

139.9, 136.2, 134.7, 134.2, 130.3, 130.0, 129.3, 128.3, 126.9, 126.7, 126.3, 125.9(3), 

125.8(6), 122.7, 120.0, 118.7, 115.2 (q, J = 288.0 Hz), 114.6, 114.2, 59.2, 55.3, 42.5, 

41.2, 37.0; IR (neat): 3318, 2966, 2840, 1483, 1384, 1627, 1264, 1185, 842, 652; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C39H31F3N2NaO4
+ 671.2128; Found 671.2135. 

 

N-((2aS,4S)-2-((Z)-4-chlorobenzylidene)-4-(4-methoxyphenyl)-1-(2-phenylacetyl)-

1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-yl)-2,2,2-trifluoroacetamide 

(5d) 
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5d 

Compound 5d was prepared in 59% yield (76.9 mg) according to the general procedure. 

68 h. Pale Orange oil. [α]D
20 -108.4 (c 0.51, DCM). 97% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.25 min (major), 

11.11 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.8 Hz, 1H), 7.95 (d, J 

= 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.39 – 7.30 (m, 3H), 

7.22 – 7.14 (m, 5H), 6.99 – 6.94 (m, 3H), 6.90 (d, J = 8.8 Hz, 2H), 6.79 (s, 1H), 6.47 

(s, 1H), 4.40 (dd, J = 12.4, 3.2 Hz, 1H), 3.81 (s, 3H), 3.71 (d, J = 15.6 Hz, 1H), 3.53 

(dd, J = 13.2, 4.0 Hz, 1H), 3.24 (d, J = 15.6 Hz, 1H), 2.33 (d, J = 12.8 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 171.0, 158.7,156.3 (q, J = 38.4 Hz), 142.7, 139.7, 136.1, 

134.6, 134.3, 134.2, 133.8, 132.8, 130.5, 130.3, 130.0, 129.4, 129.2, 129.0, 128.4, 127.0, 

126.4, 126.0, 125.8, 122.4, 119.0, 118.5, 115.2 (q, J = 288.0 Hz), 114.2, 59.1, 55.3, 42.4, 

41.1, 36.8; IR (neat): 3318, 2970, 2842, 1695, 1624, 1475, 1382, 1266, 1187, 894, 847; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C38H28ClF3N2NaO3
+ 675.1633; Found 

675.1630. 

 

2,2,2-trifluoro-N-((2aS,4S)-2-((Z)-3-methoxybenzylidene)-4-(4-methoxyphenyl)-

1-(2-phenylacetyl)-1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-

yl)acetamide (5e) 

 

5e 

Compound 5e was prepared in 70% yield (90.7 mg) according to the general procedure. 

68 h. Pale Yellow oil. [α]D
20 -115.4 (c 0.46, DCM). 92% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 8.92 min (major), 

17.11 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.8 Hz, 1H), 7.95 (d, J 

= 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.37 – 7.27 (m, 2H), 7.22 – 7.14 (m, 5H), 7.10 

(d, J = 7.6 Hz, 1H), 7.01 (s, 1H), 6.98 – 6.94 (m, 3H), 6.90 (d, J = 8.0 Hz, 2H), 6.84 (d, 
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J = 8.0 Hz, 1H), 6.81 (s, 1H), 6.46 (s, 1H), 4.41 (dd, J = 13.2, 4.0 Hz, 1H), 3.81 (s, 3H), 

3.77 (s, 3H), 3.71 (d, J = 15.6 Hz, 1H), 3.55 (dd, J = 13.2, 3.6 Hz, 1H), 3.26 (d, J = 15.6 

Hz, 1H), 2.35 (t, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 171.3, 160.1, 158.7, 

156.2 (q, J = 37.0 Hz), 142.3, 139.8, 136.2, 135.7, 134.7, 134.1, 130.4, 130.3(0), 

130.2(6), 130.0, 129.3, 128.3, 126.9, 126.4, 126.0, 125.9, 122.5, 121.0, 120.1, 118.5, 

115.1 (q, J = 289.9 Hz), 114.7, 114.2, 113.8, 59.1, 55.3, 55.2, 42.4, 41.2, 36.8; IR (neat): 

3284, 3009, 2956, 2844, 1728, 1714, 1624, 1240, 1196, 854, 796; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for C39H31F3N2NaO4
+ 671.2128; Found 671.2130. 

 

N-((2aS,4S)-2-((Z)-3-chlorobenzylidene)-4-(4-methoxyphenyl)-1-(2-phenylacetyl)-

1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-yl)-2,2,2-trifluoroacetamide 

(5f) 

 

5f 

Compound 5f was prepared in 50% yield (65.4 mg) according to the general procedure. 

68 h. Pale Yellow oil. [α]D
20 -121.0 (c 0.49, DCM). 98% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 7.04 min (major), 

11.77 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.8 Hz, 1H), 7.96 (d, J 

= 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.48 (s, 1H), 7.40 (d, J = 7.6 Hz, 1H), 7.37 – 

7.26 (m, 3H), 7.22 – 7.14 (m, 5H), 7.00 – 6.94 (m, 3H), 6.90 (d, J = 8.8 Hz, 2H), 6.78 

(s, 1H), 6.47 (s, 1H), 4.41 (dd, J = 12.4, 3.6 Hz, 1H), 3.81 (s, 3H), 3.71 (d, J = 15.6 Hz, 

1H), 3.53 (dd, J = 13.2, 4.0 Hz, 1H), 3.26 (d, J = 15.6 Hz, 1H), 2.33 (t, J = 13.2 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 171.0, 158.7, 156.3 (q, J = 37.0 Hz), 143.3, 139.7, 

136.2, 136.1, 135.2, 134.5, 133.8, 130.5, 130.4, 130.4, 123.0, 129.2, 128.9, 128.6, 128.4, 

127.0, 126.6, 126.4, 126.0, 125.9(8), 125.8, 122.4, 118.8, 118.6, 115.2 (q, J = 289.9 Hz), 

114.2, 59.2, 55.3, 42.4, 41.1, 36.8; IR (neat): 3322, 3050, 2958, 1694, 1483, 1256, 1185, 

1020, 840, 764; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C38H28ClF3N2NaO3
+ 
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675.1633; Found 675.1632. 

 

2,2,2-trifluoro-N-((2aS,4S)-4-(4-methoxyphenyl)-2-((Z)-2-methylbenzylidene)-1-

(2-phenylacetyl)-1,2,3,4-tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-

yl)acetamide (5g) 

 

5g 

Compound 5g was prepared in 89% yield (112.5 mg) according to the general procedure. 

68 h. Pale Orange oil. [α]D
20 -133.5 (c 0.55, DCM). 97% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 6.72 min (major), 

8.72 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 8.8 Hz, 1H), 7.95 (d, J = 

8.8 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.38 – 7.33 (m, 2H), 7.27 – 7.16 (m, 8H), 6.96 

(d, J = 7.2 Hz, 1H), 6.93 – 6.87 (m, 5H), 6.47 (s, 1H), 4.44 (dd, J = 12.8, 4.0 Hz, 1H), 

3.81 (s, 3H), 3.55 (d, J = 15.6 Hz, 2H), 2.89 (d, J = 15.6 Hz, 1H), 2.44 – 2.35 (m, 4H); 

13C NMR (100 MHz, CDCl3) δ 170.8, 158.7, 156.1 (q, J = 37.0 Hz), 142.2, 139.9, 136.9, 

136.2, 134.6, 134.3, 133.6, 131.0, 130.4, 130.3, 130.0, 129.3, 128.6, 128.3, 127.8, 126.9, 

126.5, 126.3, 126.0, 125.9, 125.8, 122.3, 119.0, 118.6, 115.2 (q, J = 288.0 Hz), 114.2, 

59.0, 55.3, 42.4, 40.9, 37.0, 20.0; IR (neat): 3290, 3060, 2959, 1694, 1623, 1241, 1195, 

842, 760, 712; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C39H31F3N2NaO3
+ 

655.2179; Found 655.2177. 

 

N-((2aS,4S)-2-((Z)-benzylidene)-4-(4-fluorophenyl)-1-(2-phenylacetyl)-1,2,3,4-

tetrahydro-2aH-naphtho[2,1,8-cde]indol-2a-yl)-2,2,2-trifluoroacetamide (5h) 
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5h 

Compound 5h was prepared in 79% yield (95.7 mg) according to the general procedure. 

68 h. Pale Yellow oil. [α]D
20 -117.4 (c 0.51, DCM). 70% ee (determined by HPLC, IE, 

n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm; TR = 5.99 (major), 7.49 

(minor)). 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 9.0 Hz, 

1H), 7.77 (d, J = 8.5 Hz, 1H), 7.51 (d, J = 8.0 Hz, 2H), 7.44 – 7.38 (m, 2H), 7.38 – 7.29 

(m, 2H), 7.27 – 7.15 (m, 5H), 7.10 – 7.04 (m, 2H), 6.96 – 6.90 (m, 3H), 6.84 (s, 1H), 

6.36 (s, 1H), 4.46 (d, J = 10.0 Hz, 1H), 3.70 (d, J = 16.0 Hz, 1H), 3.57 (dd, J = 13.0, 

3.5 Hz, 1H), 3.22 (d, J = 16.0 Hz, 1H), 2.36 (d, J = 13.0 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 171.2, 162.0 (d, J = 245.9 Hz), 156.3 (q, J = 37.5 Hz), 142.0, 140.0, 138.4 (d, 

J = 3.3 Hz), 135. 7, 134.4, 134.1, 130.5, 130.4, 129.3 (d, J = 5.0 Hz), 128.8, 128.7, 

128.4, 127.0, 126.4, 126.2, 125.9, 125.8, 122.4, 120.3, 118. 8, 115.8 (d, J = 21.1 Hz), 

115.2 (q, J = 287.5 Hz), 59.1, 42.6, 41.3, 36. 9; IR (neat): 3316, 2970, 2844, 1698, 1606, 

1244, 1185, 854, 712; HRMS (ESI/QTOF) m/z: [M + H]+ Calcd for C37H27F4N2O2
+ 

607.2003; Found 607.2000. 

 

(1S,3R)-1-(4-methoxyphenyl)-3-(phenylethynyl)-3-(2,2,2-trifluoroacetamido)-2,3-

dihydro-1H-phenalen-4-yl trifluoromethanesulfonate (6a) 

 

A 10 ml reaction tube was charged with 3a (0.4 mmol, 200.468 mg) and Tf2O (0.4 

mmol, 66.4 μL), Et3N (1 equiv, 55.68 μL) and DCM (8 ml) were added sequentially. 

The reaction mixture was stirred at room temperture for 50 min. The reaction mixture 

was then diluted with water, extracted with EtOAc. The organic phase was washed with 

brine, dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The residue 

was purified by flash chromatography on silica gel, eluting with EtOAc/hexane to 

afford the product 6a (173.5mg, 68% yield, 92% ee). 
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Pale yellow oil. [α]D
20 +62.1 (c 0.30, DCM). 1H NMR (500 MHz, CDCl3) δ 8.04 (d, J 

= 9.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.53 (d, J = 9.5 Hz, 1H), 7.51 – 7.47 (m, 1H), 

7.35 – 7.22 (m, 5H), 7.19 (d, J = 7.0 Hz, 1H), 7.09 (d, J = 8.5 Hz, 2H), 7.00 (s, 1H), 

6.85 (d, J = 9.0 Hz, 2H), 4.42 (dd, J = 10.5, 3.5 Hz, 1H), 3.75 (s, 3H), 3.66 (dd, J = 

14.0, 4.5 Hz, 1H), 2.77 (dd, J = 13.5, 10.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

158.6, 155.4 (q, J = 37.0 Hz), 143.9, 138.0, 134.6, 132.9, 132.4, 131.9, 129.9, 129.4, 

128.7, 128.0, 127.8, 127.1, 127.1, 125.0, 121.8, 119.9, 115.4 (q, J = 288.0 Hz), 114.1, 

86.6, 85.7, 55.2, 51.7, 42.2, 41.3; 19F NMR (471 MHz, CDCl3) δ -73.68, -75.88; IR 

(neat): 3205, 3052, 2206, 1687, 1505, 1782, 1226, 863, 742, 661; HRMS (ESI/QTOF) 

m/z: [M + H]+ Calcd for C31H22F6NO5S
+ 634.1117; Found 634.1115. 

 

7-(4-methoxyphenyl)-9-(phenylethynyl)-1H-phenalen-1-one (6b) 

 

A 10 ml reaction tube was charged with 3a (0.1 mmol, 50.106 mg) and Cs2CO3 (0.15 

mmol, 48.87 mg) and PhF (2 mL) were added sequentially. The reaction mixture was 

stirred at room temperture for 70 min. The reaction mixture was then diluted with water, 

extracted with EtOAc. The organic phase was washed with brine, dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo. The residue was purified by flash 

chromatography on silica gel, eluting with EtOAc/hexane to afford the product 6b 

(28.6mg, 74% yield). 

Yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.5 Hz, 1H), 7.84 (s, 1H), 7.79 

– 7.69 (m, 4H), 7.55 – 7.49 (m, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.42 – 7.36 (m, 3H), 7.06 

(d, J = 8.5 Hz, 2H), 6.78 (d, J = 9.5 Hz, 1H), 3.90 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ 184.2, 159.8, 146.1, 140.5, 133.7, 132.5, 131.4, 131.3, 130.9, 130.2, 130.1, 129.6, 

129.0, 128.5, 128.4, 128.3, 128.0, 126.5, 125.9, 123.4, 114.0, 98.1, 91.9, 55.4; IR (neat): 

3053, 2928, 2193, 1634, 1540, 1513, 1490, 1384, 1248, 1178, 1030, 836, 757, 690; 
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HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H18O2
+ 409.1199; Found 409.1196. 

 

N-((2aS,4S)-2-benzoyl-4-(4-methoxyphenyl)-3,4-dihydrophenaleno[1,9-bc]furan-

2a(2H)-yl)-2,2,2-trifluoroacetamide (6c) 

 

A 10 ml reaction tube was charged with 4a (0.2 mmol, 100.2 mg) and NaIO4 (0.8 mmol, 

171.1 mg), RuCl3 (0.014 mmol, 3 mg) and THF:MeCN:H2O (4:2:2 mL) were added 

sequentially. The reaction mixture was stirred at room temperature for 15 min. The 

reaction mixture was then diluted with water, extracted with EtOAc. The organic phase 

was washed with brine, dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The residue was purified by flash chromatography on silica gel, eluting with 

EtOAc/hexane to afford the product 6c (37.2 mg, 36% yield, 94% ee, 7:1 dr). 

Yellow oil. [α]D
20 -124.2 (c 0.51, DCM). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.8 

Hz, 1H), 7.74 – 7.63 (m, 4H), 7.43 – 7.34 (m, 5H), 7.32 – 7.25 (m, 2H), 7.15 (d, J = 8.4 

Hz, 2H), 6.94 (d, J = 7.2 Hz, 1H), 6.90 (d, J = 8.4 Hz, 2H), 6.60 (s, 1H), 4.13 (d, J = 

11.2 Hz, 1H), 3.81 (s, 3H), 2.98 (dd, J = 14.4, 3.6 Hz, 1H), 2.51 (t, J = 14.0 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 198.9, 158.7, 155.2 (q, J = 38.0 Hz), 150.2, 136.7, 136.5, 

134.4, 132.8, 130.6, 130.2, 129.9, 129.8, 128.6, 128.4, 127.0, 126.7, 125.8, 125.2, 119.2, 

117.5 (q, J = 287.0 Hz), 114.2, 112.5, 98.4, 57.8, 55.3, 40.2, 32.4; IR (neat): 3203, 3006, 

2965, 1712, 1593, 1458, 1162, 1255, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C30H22F3NNaO4
+ 540.1393; Found 540.1390. 

 

(S)-2-benzyl-4-(4-methoxyphenyl)-3,4-dihydrophenaleno[1,9-bc]furan (6d) 
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A 10 ml reaction tube was charged with 4a (0.2 mmol, 100.2 mg) and Et3SiH (0.4 mmol, 

63.9 μL), BF3Et2O (0.8 equiv, 101.2 μL) and DCM (8 mL) were added sequentially. 

The reaction mixture was stirred at room temperture for 30 min. The reaction mixture 

was then diluted with water, extracted with EtOAc. The organic phase was washed with 

brine, dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The residue 

was purified by flash chromatography on silica gel, eluting with EtOAc/hexane to 

afford the product 6d (77 mg, 99% yield, 95% ee). 

White solid. M.p = 108 – 114 oC. [α]D
20 +56.4 (c 0.55, DCM). 1H NMR (500 MHz, 

CDCl3) δ 7.72 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 9.0 Hz, 1H), 7.53 (d, J = 9.0 Hz, 1H), 

7.31 (d, J = 7.5 Hz, 1H), 7.27 – 7.23 (m, 4H), 7.22 – 7.17 (m, 1H), 7.15 (d, J = 8.5 Hz, 

2H), 6.96 (d, J = 7.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 2H), 4.47 (dd, J = 9.5, 7.0 Hz, 1H), 

4.14 (s, 2H), 3.78 (s, 3H), 3.21 (dd, J = 16.0, 6.5 Hz, 1H), 3.03 (dd, J = 16.0, 9.5 Hz, 

1H); 13C NMR (125 MHz, CDCl3) δ 158.4, 150.2, 149.0, 137.7, 136.9, 135.9, 129.4, 

128.7, 128.6, 128.1, 126.6, 125.2, 125.0, 124.7, 124.1, 122.4, 114.0, 112.1, 112.0, 55.2, 

44.9, 33.9, 29.2; IR (neat): 2922, 1610, 1510, 1456, 1247, 1176, 1086, 1035, 986, 818, 

784, 699; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H22NaO2
+ 413.1512; Found 

413.1510 

 

Non-Liner Effects 

Under the standard conditions, to a mixture of 1a (14 mg, 0.05 mmol), and 2a (0.06 

mmol) in PhF was added (R)-A1 (3.75 mg, 10 mol %) with different enantiopurities 

(1st run: 0% ee; 2nd run: 20% ee; 3rd run: 40% ee; 4th run: 60% ee; 5th run: 80% ee; 

6th run: 100% ee) in PhF (0.05 ml). The reaction mixture was stirred at room 

temperature for 7 h. The ee value of the product 3a was determined by HPLC. 
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ee% of A1 0 20 40 60 80 100 

ee% of 3a 0 27 46 52 72 93 

 

 

 

The reaction of [D]-2b with 1a 

 

The reaction of [D]-2b under the standard reaction conditions resulted in [D]-3b in 97% 

yield with 96% ee. The deuterium atom was completely retained in product [D]-3b 

(Figure S3). 
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Figure S3. 1H NMR of compound [D]-3b 



S78 

 

Crystal data and structure refinement for 4v. CCDC Number = 2528722 
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3a: IE, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm 
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3b: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3c: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3d: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3e: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3f: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 
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3g: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 
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3h: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 
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3i: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3j: IB, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3k: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3l: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3m: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3n: IE, n-hexane/2-propanol = 99/1, v = 1.0 mL·min-1, λ = 220 nm 
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3o: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3p: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 

 



S96 

 

 

3q: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3r: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3s: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 
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3t: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 
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3u: IE, n-hexane/2-propanol = 96/4, v = 1.0 mL·min-1, λ = 220 nm 

 



S101 

 

 

3v: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3w: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3x: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3y: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3z: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3aa: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3ab: IB, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm 
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3ac: IB, n-hexane/2-propanol = 97/3, v = 1.0 mL·min-1, λ = 220 nm, 5°C
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3ad: IG, n-hexane/2-propanol = 98/2, v = 1.0 mL·min-1, λ = 220 nm 
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3ae: IG, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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3af: IG, n-hexane/2-propanol = 93/7, v = 1.0 mL·min-1, λ = 220 nm 

 

 



S112 

 

 

3ag: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3ah: IE, n-hexane/2-propanol = 85/15, v = 1.0 mL·min-1, λ = 220 nm 
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3ai: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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3aj: IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220nm, 40 °C 
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3ak: IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220nm, 40°C 
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3al: IG, n-hexane/2-propanol = 70/30, v = 1.0 mL·min-1, λ = 220 nm, 40°C 
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4a: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4b: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4c: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4d: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4e: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4f: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4g: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4h: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4i: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4j: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4k: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4l: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4m: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4n: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4o: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 

 



S133 

 

 

4p: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4q: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4r: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4s: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4t: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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4u: IG, n-hexane/2-propanol = 92/8, v = 1.0 mL·min-1, λ = 220 nm 
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4v: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 

 

 

 



S140 

 

 

 

5a: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 

 

 



S141 

 

 

5b: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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5c: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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 5d: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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5e: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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5f: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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5g: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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5h: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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6a: IG, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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6c: IE, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 220 nm 
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6d: IE, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 
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