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1．General Information

Chemicals were purchased from commercial suppliers and used without further 

purification unless otherwise stated. Chiral phosphoric acids CPA1-CPA10 and 

racemic phosphoric acidwere purchased from commercial suppliers. Solvents were 

dried and purified according to the standard procedures before use. Reactions were 

monitored by TLC. Racemic products were obtained from corresponding substrates 

catalyzed by racemic phophoric acid at 60 oC. Flash column chromatography was 

performed on silica gels (200-300 mesh). 1HNMR and 13C NMR (300 or 400 and 75 

or 101 MHz, respectively) spectra were recorded on a Bruker 300 or 400 MHz NMR 

spectrometer in DMSO-d6. 1H NMR chemical shifts are reported in ppm (δ) relative 

to tetramethylsilane (TMS) with the solvent resonance employed as the internal 

standard (DMSO-d6, δ 2.50 ppm). Data are reported as follows: chemical shift, 

multiplicity (s = singlet, d = doublet, t = triplet, dd = doublet of doublets, dt = doublet 

of triplets, q = quartet, m = multiplet), coupling constants (Hz) and integration. 13C 

NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) with the 

solvent resonances as the internal standard (DMSO-d6, δ 39.52 ppm). HRMS data 

were obtained on a Bruker Daltonics. Inc mass instrument (ESI). Chiralpak AD-H, IA, 

IC, OD column was purchased from Daicel Chemical Industries (Hong Kong, China). 

Optical rotations were measured on a Perkin-Elmer 241 Polarimeter. Melting points 

were recorded on a Buchi Melting Point B-545.

2. Substrate Preparation
General Procedure A
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The propargylic alcohols were prepared according to a modified literature 
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procedure. The procedure is described using 1a as an example.

Trifluoroacetic anhydride (4.2 g, 20 mmol) was added at 0 °C to a solution of 

indole (1.17 g, 10 mmol) in N,N-dimethylformamide (20 mL). The resulting mixture 

was stirred for 3 h at room temperature. The mixture was treated with ice-cold water 

to obtain a solid. The solid was separated by filtration and washed with water and n-

pentane and dried under high vacuum to afford S1 without further purification[1].

In an ice bath at 0 oC, ethynyl magnesium bromide solution (0.5 M in THF) (30 

mL, 15 mmol) was added to a dried 50 mL round bottom flask placed under argon. A 

solution of the 3-trifluoroacetyl indole S1 (1.065 g, 5 mmol) in THF was added in a 

dropwise to the stirring solution of the Grignard reagent. The reaction was left at 25oC 

and until it was complete by TLC. The reaction was quenched with saturated NH4Cl 

(aq.) solution, extracted with EA and the organic layers were washed with saturated 

NaCl (aq.) solution. The organic layers were combined, dried over Na2SO4 and 

concentrated under vacuum. The crude product was purified by silica gel 

chromatography (petroleum ether/ethyl acetate 5:1) to give 1,1,1-trifluoro-2- (1H-

indol-3-yl)but-3-yn-2-ol S2 as a yellow oil[2].

A mixture of a bis(triphenylphosphine)palladium(II) chloride (0.07g, 0.1 mmol), 

copper iodide (0.04 g, 0.2 mmol), 2-iodo-N-phenylbenzamide(0.76 g, 2.4 mmol), S2 

(0.48 g, 2 mmol), Et3N (2.4 mL) and toluene (10 mL) was stirred at 60 °C under an 

argon atmosphere. After being stirred for 2 h at 60 °C, the reaction was quenched with 

saturated NH4Cl solution and extracted with EA. The combined organic layer was 

washed with saturated NaCl solution, dried over Na2SO4. Removal of the solvent and 

column chromatography (petroleum ether / ethyl acetate= 5/1 to 2/1) gave 1a as a 

white solid[3].

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-

yn-1-yl)benzamide (1a): white solid, m.p.: 144.7-145.8 °C, 442  

mg, 51% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.32 (s, 1H), 

10.49 (s, 1H), 7.77 (d, J = 7.0 Hz, 3H), 7.66 (d, J = 12.6 Hz, 3H), 
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7.59 (s, 3H), 7.41–7.28 (m, 3H), 7.08 (t, J = 7.5 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H). 13C 

NMR (101 MHz, DMSO-d6) δ 166.2, 140.1, 139.2, 136.7, 133.1, 130.1, 129.4, 128.7, 

127.8, 126.3, 124.5 (q, J = 287.8 Hz), 125.0, 123.8, 121.4, 121.0, 119.9, 119.3, 119.0, 

111.7, 111.1, 89.8, 83.1, 70.0 (q, J = 32.3 Hz). HRMS (ESI) Calcd. for 

C25H18F3N2O2
+ [M+H+]: 435.1315, Found: 435.1325.

N-(2-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-

indol-3-yl)but-1-yn-1-yl)benzamide(1b): yellow solid, m.p.: 

98.3- 100.3 oC, 492 mg, 53%yield. 1H NMR (400 MHz, DMSO-

d6) δ 11.30 (s, 1H), 9.46 (s, 1H), 7.98 (d, J = 7.1 Hz, 1H), 7.79 (d, 

J = 8.0 Hz, 1H), 7.65 (d, J = 12.5 Hz, 3H), 7.58 (d, J = 9.8 Hz, 

3H), 7.38 (d, J = 8.1 Hz, 1H), 7.14 (t, J = 7.7 Hz, 1H), 7.07 (dd, J = 17.5, 8.3 Hz, 2H), 

6.95 (d,J = 6.2 Hz, 2H), 3.77 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 165.8, 150.7, 

139.4, 136.7, 133.4, 130.3, 129.4, 128.0, 126.9, 126.2, 125.4, 125.0, 124.5 (q, J = 

288.9 Hz), 123.0, 121.4, 120.9, 120.3, 119.2, 119.0, 111.7, 111.3, 111.1, 90.1, 83.2, 

70.0 (q, J = 33.3 Hz), 55.7. HRMS (ESI) Calcd. for C26H20F3N2O3
+ [M+H+]: 

465.1421, Found: 465.1444.

N-(4-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1c): yellow solid, m.p.: 

130.1-132.5 oC, 399 mg, 43% yield. 1H NMR (300 MHz, 

DMSO-d6) δ 11.34 (s, 1H), 10.36 (s, 1H), 7.77 (d, J = 8.0 Hz, 

1H), 7.72–7.60 (m, 5H), 7.58 (s, 3H), 7.37 (d, J = 8.2 Hz, 1H), 

7.07 (t, J = 7.5 Hz, 1H), 6.91 (t, J = 9.9 Hz, 3H), 3.72 (s, 3H). 13C NMR (101 MHz, 

DMSO-d6) δ 165.7, 155.5, 140.2, 136.7, 133.1, 132.3, 130.0, 129.4, 127.7, 126.3, 

125.0, 121.4, 121.0, 119.2, 119.0, 113.8, 111.7, 111.1, 89.7, 83.1, 70.0 (q, J = 32.3 

Hz), 55.2. HRMS (ESI) Calcd. for C26H20F3N2O3
+ [M+H+]: 465.1421, Found: 

465.1426.
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N-(p-tolyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1d): white solid, m.p.: 158.5- 

159.9 oC , 627 mg, 70% yield. 1H NMR (400 MHz, DMSO-d6) 

δ 11.31 (s, 1H), 10.39 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.71–

7.60 (m, 5H), 7.57 (s, 3H), 7.38 (d, J = 8.1 Hz, 1H), 7.13 (d, J 

= 7.9 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 2.26 (s, 3H). 13C 

NMR (101 MHz, DMSO-d6) δ 166.0, 140.2, 136.7, 136.7, 133.1, 132.7, 130.0, 129.4, 

129.1, 127.7, 126.3, 125.0, 124.5 (q, J = 287.8 Hz), 121.4, 121.0, 119.9, 119.2, 119.0, 

111.7, 111.1, 89.7, 83.1, 70.0 (q, J = 33.3 Hz), 20.6. HRMS (ESI) Calcd. for 

C26H19F3N2NaO2
+ [M+Na+]: 471.1291, Found: 471.1302.

N-(4-chlorophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1e): white solid, m.p.: 

174.3-175.9 oC, 347 mg, 37% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.31 (s, 1H), 10.63 (s, 1H), 7.78 (t, J = 8.0 Hz, 

3H), 7.63 (s, 3H), 7.58 (s, 3H), 7.38 (d, J = 8.6 Hz, 3H), 7.08 

(t, J = 7.5 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 166.3, 

139.9, 138.1, 136.7, 133.1, 130.2, 129.5, 128.6, 127.8, 127.3, 126.1, 124.9, 124.5 (q, J 

= 286.8 Hz), 121.4, 121.3, 121.0, 119.3, 119.0, 111.8, 111.1, 89.8, 82.9, 70.0 (q, J = 

33.3 Hz). HRMS(ESI) Calcd. for C26H16ClF3N2NaO2
+ [M+Na+]: 491.0745 (35Cl), 

493.0715 (37Cl), Found: 491.0755 (35Cl), 493.0738 (35Cl).

N-(4-(tert-butyl)phenyl)-2-(4,4,4-trifluoro-3-hydroxy-3- 

(1H-indol-3-yl)but-1-yn-1-yl)benzamide (1f): white solid, 

m.p.: 113.4-115.2 oC , 334 mg, 34% yield. 1H NMR (400 

MHz, DMSO-d6) δ 11.31 (s, 1H), 10.38 (s, 1H), 7.78 (d, J = 

8.0 Hz, 1H), 7.70 (s, 1H), 7.65 (d, J = 8.6 Hz, 4H), 7.58 (d, J 

= 8.3 Hz, 3H), 7.43–7.26 (m, 3H), 7.07 (t, J = 7.5 Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H), 

1.26 (s, 9H). 13C NMR (101 MHz, DMSO-d6) δ 166.1, 146.2, 140.1, 136.8, 136.6, 

N
H

O

CF3

OH

N
H

Me

N
H

O

CF3

OH

N
H

Cl

N
H

O

CF3

OH

N
H

tBu



5

133.2, 130.1, 129.4, 127.8, 126.3, 125.4, 125.0, 124.6 (q, J = 286.8 Hz), 121.5, 121.1, 

119.8, 119.3, 119.1, 111.8, 111.2, 89.8, 83.2, 70.1 (q, J = 33.3 Hz), 34.2, 31.3. HRMS 

(ESI) Calcd. for C29H26F3N2O2
+ [M+H+]: 491.1941, Found: 491.1948.

N-(4-bromophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide(1g): white solid, m.p.: 

146.7-148.1 oC, 513 mg, 50%yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.35 (s, 1H), 10.67 (s, 1H), 7.77 (t, J = 8.4 Hz, 

3H), 7.66 (s, 3H), 7.62 – 7.55 (m, 3H), 7.53 (d, J = 8.5 Hz, 

2H), 7.39 (d, J = 8.1 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H).13C 

NMR (101 MHz, DMSO-d6) δ 166.3, 139.9, 138.6, 136.7, 133.0, 131.5, 130.2, 129.4, 

127.7, 126.2, 124.9, 124.5 (q, J = 286.8 Hz), 121.6, 121.4, 121.0, 119.2, 119.0, 115.4, 

111.7, 111.0, 89.9, 82.9, 70.0 (q, J = 33.1 Hz). HRMS (ESI) Calcd. for 

C25H16BrF3N2NaO2
+ [M+Na+]: 535.0239 (79Br), 537.0219 (81Br), Found: 535.0255 

(79Br), 537.0238 (81Br).

Ethyl 4-(2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamido)benzoate (1h): white solid, 

m.p.: 108.3-108.9 oC, 598 mg, 59% yield. 1H NMR (400 

MHz, DMSO-d6) δ 11.32 (s, 1H), 10.86 (s, 1H), 7.93 (q, J 

= 8.5 Hz, 4H), 7.76 (d, J = 8.0 Hz, 1H), 7.71–7.62 (m, 3H), 

7.62–7.53 (m, 3H), 7.37 (d, J = 8.1 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.92 (t, J = 7.5 

Hz, 1H), 4.28 (q, J = 7.0 Hz, 2H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

DMSO-d6) δ 166.7, 165.5, 143.5, 139.7, 136.7, 133.0, 130.3, 130.2, 129.5, 127.8, 

126.2, 124.9, 124.7, 124.4 (q, J = 287.8 Hz), 121.4, 120.9, 119.2, 119.1, 119.0, 111.7, 

111.0, 89.9, 82.8, 70.0 (q, J = 32.9 Hz), 60.6, 14.3. HRMS (ESI) Calcd. for 

C28H21F3N2NaO4
+ [M+Na+]: 529.1345, Found: 529.1356.
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N-(2-nitrophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3- 

yl)but-1-yn-1-yl)benzamide (1i): yellow solid, m.p.: 185.3-187.0 
oC, 240 mg, 25% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.30 (s, 

1H), 10.83 (s, 1H), 8.04 (d, J = 8.2 Hz, 1H), 7.83–7.74 (m, 2H), 

7.72 (d, J = 7.3 Hz, 3H), 7.66–7.54 (m, 4H), 7.46 7.32 (m, 2H), 

7.08 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 

165.8, 142.3, 138.2, 136.7, 134.2, 133.6, 131.3, 130.9, 129.6, 127.9, 126.0, 125.7, 

125.6, 125.1, 124.9, 124.5 (q, J = 286.8 Hz), 121.4, 120.9, 119.2, 119.2, 111.7, 110.9, 

90.3, 82.9, 70.0 (q, J = 32.3 Hz). HRMS (ESI) Calcd. for C25H17F3N3O4
+ [M+H+]: 

480.1166, Found: 480.1166.

N-(naphthalen-2-yl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1j): white solid, m.p.: 

221.7-222.4 oC,417 mg, 43% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.36 (s, 1H), 10.73 (s, 1H), 8.50 (s, 1H), 7.86 

(dd, J = 14.5, 7.9 Hz, 3H), 7.79 (dd, J = 13.9, 8.6 Hz, 2H), 

7.74–7.65 (m, 3H), 7.59 (dd, J = 9.3, 5.2 Hz, 3H), 7.48 (t, J = 7.5 Hz, 1H), 7.44–7.33 

(m, 2H), 7.06 (t, J = 7.6 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H). 13C NMR (101 MHz, 

DMSO-d6) δ 166.5, 140.1, 136.8, 136.7, 133.4, 133.1, 130.2, 130.1, 128.3, 127.9, 

127.6, 127.6, 126.5, 126.3, 125.0, 124.9, 124.5(q, J = 287.8 Hz), 121.4, 121.0, 120.6, 

119.3, 119.1, 116.1, 111.7, 111.1, 89.9, 83.1, 70.05 (q, J = 32.7 Hz). HRMS (ESI) 

Calcd. for C29H19F3N2NaO2
+ [M+Na+]: 507.1291, Found: 507.1293.

N-propyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1- 

yn-1-yl)benzamide (1k): yellow solid, m.p.: 90.2-91.5 oC, 264 

mg, 33% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.39 (s, 1H), 

8.38 (s, 1H), 7.82 (d, J = 7.9 Hz, 1H), 7.75 (s, 1H), 7.57 (d, J = 7.6 

Hz, 2H), 7.50 (s, 3H), 7.40 (d, J = 8.1 Hz, 1H), 7.11 (t, J = 7.5 Hz, 

1H), 7.02 (t, J = 7.4 Hz, 1H), 3.28–3.04 (m, 2H), 1.57–1.39 (m, 2H), 0.86 (t, J = 7.4 
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Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 167.4, 140.3, 136.8, 133.0, 129.6, 129.2, 

127.6, 126.6, 125.0, 124.6 (q, J = 287.8 Hz), 121.4, 121.0, 119.2, 118.8, 111.7, 111.2, 

89.5, 83.2, 70.1 (q, J = 33.3 Hz), 41.0, 22.2, 11.5. HRMS (ESI) Calcd. for 

C22H20F3N2O2
+ [M+H+]: 401.1472, Found:401.1483.

N-cyclopropyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide(1l): white solid, m.p.: 99.7-101.1 oC, 

359 mg, 45% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.39 (s, 

1H), 8.48 (s, 1H), 7.82 (d, J = 7.9 Hz, 1H), 7.77 (s, 1H), 7.58 (s, 

2H), 7.48 (s, 3H), 7.40 (d, J = 8.1 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 7.03 (t, J = 7.5 Hz, 

1H), 2.82 (d, J = 3.1 Hz, 1H), 0.66 (d, J = 6.4 Hz, 2H), 0.52 (s, 2H). 13C NMR (101 

MHz, DMSO-d6) δ 168.7, 140.1, 136.8, 133.0, 129.7, 129.3, 127.6, 126.6, 125.0, 

124.6 (q, J = 286.8 Hz), 121.4, 121.1, 119.3, 118.7, 111.8, 111.2, 89.5, 83.2, 70.1 (q, 

J = 33.3 Hz), 23.0, 5.8, 5.6. HRMS (ESI) Calcd. for C22H18F3N2O2
+ [M+H+]: 

399.1315, Found: 399.1306.

N-benzyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1- 

yn-1-yl)benzamide (1m): yellow solid, m.p.: 92.8-93.8 oC, 323 

mg, 36% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.39 (s, 1H), 

8.97 (t, J = 5.3 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.78 (s, 1H), 

7.61 (s, 2H), 7.54 (d, J = 9.9 Hz, 3H), 7.40 (d, J = 8.1 Hz, 1H), 

7.35 (d, J = 7.3 Hz, 2H), 7.28 (t, J = 7.2 Hz, 2H), 7.24–7.17 (m, 1H), 7.12 (t, J = 7.4 

Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 4.51 (dd, J = 15.1, 6.0 Hz, 1H), 4.40 (dd, J = 15.1, 

5.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 167.6, 139.8, 139.2, 136.8, 133.2, 

129.9, 129.3, 128.4, 127.7, 127.3, 126.9, 126.6, 125.1, 124.6 (q, J = 286.8 Hz), 121.4, 

121.1, 119.3, 119.0, 111.8, 111.2, 89.6, 83.3, 70.2 (q, J = 32.8 Hz), 42.7. HRMS (ESI) 

Calcd. for C26H20F3N2O2
+ [M+H+]: 449.1472, Found: 449.1493.
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5-Methoxy-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1n): white solid, m.p.: 

154.9-155.9 oC , 631 mg, 68% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.29 (s, 1H), 10.46 (s, 1H), 7.77 (d, J = 7.7 Hz, 

3H), 7.66 (s, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.50 (s, 1H), 7.34 

(dd, J = 17.0, 8.2 Hz, 3H), 7.20 (s, 1H), 7.16–7.01 (m, 3H), 6.91 (t, J = 7.5 Hz, 1H), 

3.86 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 165.9, 159.6, 141.6, 139.2, 136.7, 

134.8, 128.7, 126.3, 125.0, 124.6 (q, J = 286.8 Hz), 123.8, 121.4, 121.1, 119.9, 119.2, 

115.9, 113.3, 111.7, 111.3, 111.0, 88.2, 83.1, 70.03 (q, J = 32.8 Hz), 55.8. HRMS 

(ESI) Calcd. for C26H20F3N2O3
+ [M+H+]: 465.1421, Found: 465.1413.

5-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1o): white solid, m.p.: 

170.5-171.6 oC, 544 mg, 53% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.33 (s, 1H), 10.57 (s, 1H), 7.89 (s, 1H), 7.76 (t, 

J = 9.3 Hz, 4H), 7.64 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.3 Hz, 

1H), 7.35 (dd, J = 14.8, 7.7 Hz, 3H), 7.08 (dd, J = 17.1, 8.1 Hz, 2H), 6.91 (t, J = 7.5 

Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 164.6, 141.7, 138.9, 136.7, 134.9, 133.0, 

130.5, 128.8, 126.2, 124.9, 124.4 (q, J = 286.8 Hz), 124.0, 122.6, 121.4, 121.0, 119.9, 

119.3, 118.3, 111.8, 110.9, 90.8, 82.2, 70.1 (q, J = 32.4 Hz). HRMS (ESI) Calcd. for 

C25H16BrF3N2NaO2
+ [M+Na+]: 535.0239 (79Br), 537.0219 (81Br), Found: 535.0243 

(79Br), 537.0225 (81Br).

5-Methyl-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1p): white solid, m.p.: 

160.0-161.2 oC, 448 mg, 50% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.30 (s, 1H), 10.45 (s, 1H), 7.83–7.73 (m, 3H), 

7.67 (d, J = 2.3 Hz, 1H), 7.53 (t, J = 3.9 Hz, 2H), 7.48 (s, 1H), 

7.41–7.28 (m, 4H), 7.07 (dd, J = 10.8, 4.7 Hz, 2H), 6.92 (t,J = 7.5 Hz, 1H), 2.41 (s, 
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3H). 13C NMR (101 MHz, DMSO-d6) δ 166.2, 140.0, 139.4, 139.2, 136.7, 133.0, 

130.6, 128.7, 128.2, 126.3, 125.0, 124.5 (q, J = 286.8 Hz), 123.7, 121.4, 121.0, 119.8, 

119.2, 116.1, 111.7, 111.2, 89.1, 83.2, 70.0 (q, J = 32.8 Hz), 21.0. HRMS (ESI) Calcd. 

for C26H19F3N2NaO2
+ [M+Na+]: 471.1291, Found: 471.1299.

5-Fluoro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-

3-yl)but-1-yn-1-yl)benzamide (1q): white solid, m.p.: 160.1- 

162.0 oC, 353 mg, 39% yield. 1H NMR (400 MHz, DMSO-d6) δ 

11.33 (s, 1H), 10.56 (s, 1H), 7.76 (d, J = 7.2 Hz, 3H), 7.73–7.68 

(m, 1H), 7.66 (s, 1H), 7.60 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 8.5 

Hz, 1H), 7.36 (dd, J = 15.1, 7.8 Hz, 3H), 7.09 (dd, J = 15.6, 7.9 Hz, 2H), 6.92 (t, J = 

7.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 164.7, 161.8 (d, J = 250.0 Hz), 

142.3(d, J = 7.4 Hz), 138.9, 136.7, 135.5(d, J = 8.6 Hz), 128.7, 126.2, 124.9, 124.4 (q, 

J = 286.8 Hz), 123.9, 121.4, 121.0, 119.9, 119.2, 117.3 (d, J = 22.2 Hz), 115.5 (d, J = 

3.3 Hz), 115.2 (d, J = 23.7 Hz), 111.7, 111.0, 89.5, 82.0, 70.0 (q, J = 32.3 Hz). HRMS 

(ESI) Calcd. for C25H17F4N2O2
+ [M+H+]: 453.1221, Found: 453.1219.

5-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1r): white solid, m.p.: 

166.3-168.0 oC, 571 mg, 61% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.33 (s, 1H), 10.57 (s, 1H), 7.75 (d, J = 8.2 Hz, 

4H), 7.65 (t, J = 10.5 Hz, 4H), 7.36 (dd, J = 15.3, 7.9 Hz, 3H), 

7.09 (dd, J = 17.2, 7.8 Hz, 2H), 6.91 (t, J = 7.5 Hz, 1H). 13C NMR (101 MHz, 

DMSO-d6) δ 164.6, 141.6, 138.9, 136.7, 134.8, 134.0, 130.1, 128.8, 127.7, 126.2, 

124.9, 124.4 (q, J = 287.8 Hz), 124.0, 121.4, 121.0, 119.9, 119.3, 118.0, 111.7, 110.9, 

90.7, 82.1, 70.0 (q, J = 33.0 Hz). HRMS (ESI) Calcd. for C25H16ClF3N2NaO2
+ 

[M+Na+]: 491.0745 (35Cl), 493.0715 (37Cl), Found: 491.0756 (35Cl), 493.0736 (37Cl).
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4-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1s): white solid, m.p.: 

115.1-116.1 oC, 359 mg, 35% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.33 (s, 1H), 10.53 (s, 1H), 7.86–7.71 (m, 5H), 

7.66 (d, J = 2.3 Hz, 1H), 7.62 (d, J = 8.9 Hz, 2H), 7.35 (dd, J = 

16.7, 8.2 Hz, 3H), 7.08 (dd, J = 14.9, 7.5 Hz, 2H), 6.91 (t, J = 7.5 Hz, 1H). 13C NMR 

(101 MHz, DMSO-d6) δ 165.1, 139.0, 138.9, 136.7, 135.0, 132.3, 129.8, 128.7, 126.2, 

124.8, 124.3 (q, J = 287.8 Hz), 123.9, 122.8, 121.4, 121.2, 120.9, 119.8, 119.2, 111.7, 

110.7, 91.0, 81.6, 70.0 (q, J = 33.3 Hz). HRMS (ESI) Calcd. for C25H16BrF3N2NaO2
+ 

[M+Na+]: 535.0239 (79Br), 537.0219 (81Br), Found: 535.0261 (79Br), 537.0243 (81Br).

4-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H- 

indol-3-yl)but-1-yn-1-yl)benzamide (1t): white solid, m.p.: 

166.9-167.5 oC, 337 mg, 36% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.33 (s, 1H), 10.54 (s, 1H), 7.81–7.73 (m, 3H), 

7.72–7.61 (m, 5H), 7.36 (dd, J = 18.0, 8.2 Hz, 3H), 7.09 (dd, J 

= 14.3, 7.2 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 165.1, 

139.0, 138.7, 136.7, 134.5, 132.3, 129.7, 129.5, 128.8, 126.2, 124.9, 124.4 (q, J = 

286.8 Hz), 123.9, 121.4, 121.1, 120.9, 119.9, 119.3, 111.7, 110.8, 91.0, 81.7, 70.0 (q, 

J = 32.9 Hz). HRMS (ESI) Calcd. for C25H16ClF3N2NaO2
+ [M+Na+]: 491.0745 (35Cl), 

493.0715 (37Cl), Found: 491.0763 (35Cl), 493.0745 (37Cl).

2-(3-(5-Chloro-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1- 

yn-1-yl)-N-phenylbenzamide (1u): white solid, m.p.: 139.0- 

140.3 oC, 281 mg, 30% yield. 1H NMR (400 MHz, DMSO-d6) δ 

11.59 (s, 1H), 10.52 (s, 1H), 7.84 –7.72 (m, 5H), 7.68 (d, J = 4.8 

Hz, 2H), 7.62–7.54 (m, 2H), 7.42 (d, J = 8.7 Hz, 1H), 7.33 (t, J = 

7.7 Hz, 2H), 7.17–7.03 (m, 2H). 13C NMR (101 MHz, DMSO-d6) δ 166.2, 140.1, 

139.2, 135.2, 133.1, 130.2, 129.6, 128.7, 128.2, 127.8, 126.0, 124.4 (q, J = 287.8 Hz), 
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124.0, 123.8, 121.6, 120.1, 119.8, 118.9, 113.5, 111.1, 89.4, 83.3, 70.0 (q, J = 33.0 

Hz). HRMS (ESI) Calcd. for C25H16ClF3N2NaO2
+ [M+Na+]: 491.0745 (35Cl), 

493.0715 (37Cl), Found: 491.0762 (35Cl), 493.0743 (37Cl).

2-(3-(5-Bromo-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1- 

yn-1-yl)-N-phenylbenzamide (1v): white solid, m.p.: 139.1-140.3 
oC , 462 mg, 45% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.61 

(s, 1H), 10.52 (s, 1H), 7.92 (s, 1H), 7.84–7.73 (m, 4H), 7.68 (d, J 

= 4.1 Hz, 2H), 7.63–7.52 (m, 2H), 7.38 (d, J = 8.7 Hz, 1H), 7.33 (t, 

J = 7.7 Hz, 2H), 7.24 (d, J = 8.7 Hz, 1H), 7.08 (t, J = 7.3 Hz, 1H). 13C NMR (101 

MHz, DMSO-d6) δ 166.2, 140.1, 139.2, 135.5, 133.1, 130.2, 129.6, 128.8, 128.1, 

127.8, 126.7, 124.4 (q, J = 286.8 Hz), 124.1, 123.8, 123.1,119.9, 118.9, 114.0, 112.1, 

111.0, 89.4, 83.3, 70.0 (q, J = 33.1 Hz). HRMS (ESI) Calcd. for C25H16BrF3N2NaO2
+ 

[M+Na+]: 535.0239 (79Br), 537.0219 (81Br), Found: 535.0261 (79Br), 537.0243 (81Br).

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(6-methyl-1H-

indol-3-yl)but-1-yn-1-yl)benzamide(1w): white solid, m.p.: 

109.4- 110.5 oC , 538 mg, 60% yield. 1H NMR (400 MHz, 

DMSO-d6) δ 11.15 (s, 1H), 10.49 (s, 1H), 7.77 (d, J = 8.0 Hz, 

2H), 7.65 (d, J = 7.9 Hz, 3H), 7.57 (s, 4H), 7.34 (t, J = 7.6 Hz, 

2H), 7.16 (s, 1H), 7.09 (t, J = 7.3 Hz, 1H), 6.73 (d,J = 8.3 Hz, 1H), 2.34 (s, 3H). 13C 

NMR (101 MHz, DMSO-d6) δ 166.3, 140.1, 139.3, 137.2, 133.2, 130.6, 130.2, 129.5, 

128.8, 127.8,125.6, 124.6 (q, J = 287.8 Hz), 123.9, 123.0, 121.2, 120.8, 120.0, 119.1, 

111.5, 111.0, 89.9, 83.1, 70.1 (q, J = 33.3 Hz), 21.4. HRMS (ESI) Calcd. for 

C26H19F3N2NaO2
+ [M+Na+]: 471.1291, Found: 471.1299.
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(7-methoxy-1H-indol-

3-yl)but-1-yn-1-yl)benzamide (1x): white solid, m.p.:1 55.1- 

156.2 oC, 566 mg, 61%yield. 1H NMR (400 MHz, DMSO-d6) δ 

11.46 (s, 1H), 10.50 (s, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 

6.2 Hz, 2H), 7.61–7.51 (m, 4H), 7.39 (d, J = 8.1 Hz, 1H), 7.33 (t, J 

= 7.7 Hz, 2H), 7.08 (t, J = 7.3 Hz, 1H), 6.84 (t, J = 7.9 Hz, 1H), 6.63 (d,J = 7.7 Hz, 

1H), 3.89 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 166.2, 146.2, 140.1, 139.2, 

133.1, 130.1, 129.4, 128.8, 127.8, 126.9, 126.5, 125.8, 124.5 (q, J = 287.8 Hz), 123.8, 

119.9, 119.8, 119.1, 113.8, 111.7, 101.8, 89.8, 83.1, 70.0 (q, J = 32.9 Hz), 55.3. 

HRMS (ESI) Calcd. for C26H20F3N2O3
+ [M+H+]: 465.1421, Found: 465.1410.

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1-methyl-1H-indol-3-

yl)but-1-yn-1-yl)benzamide (3): yellow solid, m.p.: 90.0-90.9 oC, 

350 mg, 39% yield. 1H NMR (400 MHz, DMSO-d6) δ 10.55 (s, 

1H), 7.79 (d, J = 7.9 Hz, 3H), 7.65 (s, 2H), 7.62 (s, 1H), 7.58 (s, 

3H), 7.42–7.28 (m, 3H), 7.19–7.05 (m, 2H), 6.97 (t,J = 7.5 Hz, 

1H), 3.60 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 166.3, 140.2, 139.2, 137.1, 

133.1, 130.3, 130.1, 129.5, 128.7, 127.7, 125.2, 124.4 (q, J = 286.8 Hz), 123.8, 121.5, 

121.2, 119.9, 119.4, 118.9, 110.2, 110.0, 89.5, 83.0, 69.9 (q, J = 33.3 Hz), 32.4. 

HRMS (ESI) Calcd. for C26H19F3N2NaO2
+ [M+Na+]: 471.1291, Found: 471.1300.

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(2-methyl-1H-indol-3-

yl)but-1-yn-1-yl)benzamide (5): white solid, m.p.: 162.7-163.6 
oC , 421 mg, 47% yield. 1H NMR (400 MHz, DMSO-d6) δ 11.15 (s, 

1H), 10.47 (s, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 7.9 Hz, 

2H), 7.68–7.60 (m, 3H), 7.57 (d, J = 3.3 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.24 (d, J = 

8.0 Hz, 1H), 7.09 (t, J = 7.3 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.83 (t,J = 7.5 Hz, 1H), 

2.50 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 166.1, 140.0, 139.3, 135.3, 134.7, 

133.2, 130.1, 129.4, 128.7, 127.8, 127.1, 124.9 (q, J = 287.8 Hz), 123.8, 120.6, 120.4, 
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119.9, 119.1, 119.0, 110.5, 104.8, 89.9, 84.3, 70.5 (q, J = 33.3 Hz), 13.6. HRMS (ESI) 

Calcd. for C26H19F3N2NaO2
+ [M+Na+]: 471.1291, Found: 471.1298.

3.Catalytic enantioselective synthesis of 2

General Procedure B

(S)-CPA 10 (10 mol)

PhCl, 60 oC

R1

HN

CF3

O

N

2

R1

OH
CF3

O

N
H

N
H

R3

R2

1

R2

R3

Compound 1(0.10 mmol) and (S)-CPA10 (10 mol%) were dissolved in PhCl 

(2.0 mL) and stirred at 60 oC. The reaction progress was monitored by TLC. Upon 

completion, the mixture was subjected to column chromatography on silica gel 

(Petroleum ether/ EtOAc =5:1) to afford the desired product 2.

(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2a): white solid, m.p.: 291.5- 

293.0 oC, 30.3 mg,73% yield, 88% ee, HPLC condition: Chiralpak 

AD-H (isopropyl alcohol/n-hexane: 30/70, 1.0 mL/min., tmajor= 

9.348 min., tminor = 5.190 min.). [α]D
20 = +80.7 (c 1.0, ethyl 

acetate). 1H NMR (300 MHz, DMSO-d6) δ 12.03 (s, 1H), 7.97 (d, J = 7.4 Hz, 1H), 

7.70–7.52 (m, 2H), 7.52–7.43 (m, 1H), 7.43–7.26 (m, 5H), 7.26–7.05 (m, 3H), 6.97 (d, 

J = 7.2 Hz, 1H), 6.91 (d, J = 2.2 Hz, 1H). 13C NMR (75 MHz, DMSO-d6) δ 167.2, 

145.4, 141.0, 140.8, 136.4, 133.7 (q, J = 6.0 Hz), 133.2, 132.1 (q, J = 35.2 Hz), 132.1, 

129.5, 128.9, 127.1, 125.5, 124.3, 122.1, 122.0 (q, J = 267.7 Hz), 121.2, 120.8,120.3, 

119.6, 118.2,113.1, 72.1. HRMS (ESI) Calcd. for C25H26F3N2O+ [M+H+]: 417.1209, 

Found: 417.1204.

(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-spiro 
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[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b): white solid, m.p.: 294.2-295.1 oC, 

32.8 mg, 74% yield, 73% ee, HPLC condition: Chiralpak AD-H (isopropyl alcohol/n-

hexane: 30/70, 1.0 mL/min., tmajor= 5.765 min., tminor = 4.060 min.). [α]D
20 = +129.0 (c 

1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 11.91 (s, 1H), 7.93 (d, J = 7.4 

Hz, 1H), 7.61 (dt, J = 22.4, 7.3 Hz, 2H), 7.47–7.33 (m, 2H), 7.26 (t, J = 7.8 Hz, 1H), 

7.21–7.06 (m, 3H), 7.06– 6.93 (m, 2H), 6.82 (t, J = 7.4 Hz, 1H), 6.63 (s, 1H), 3.70 (s, 

3H). 13C NMR (101 MHz, DMSO-d6) δ 167.3, 156.1, 144.6, 141.7, 140.9, 133.2 (q, J 

= 7.1 Hz), 133.1, 132.1 (q, J = 35.3 Hz), 132.0, 130.4, 130.3, 129.7, 124.3, 123.7, 

122.1 (q, J = 270.7 Hz), 122.0, 121.7, 120.7, 120.3, 119.5, 118.1, 115.9, 113.1, 112.5, 

72.4, 55.6. HRMS (ESI) Calcd. for C26H18F3N2O2
+ [M+H+]: 447.1315, Found: 

447.1318.

(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2c): white 

solid, m.p.: 155.3-157.0 oC, 33.0 mg, 74% yield, 90% ee, 

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 

10/90, 0.8 mL/min., tmajor = 23.617 min., tminor = 12.213 min.). 

[α]D
20 = +43.9 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.03 (s, 1H), 

7.94 (d, J = 7.1 Hz, 1H), 7.68–7.53 (m, 2H), 7.44 (dd, J = 6.0, 2.4 Hz, 1H), 7.39–7.33 

(m, 1H), 7.28–7.20 (m, 2H), 7.17–7.07 (m, 2H), 6.98 (d, J = 7.4 Hz, 1H), 6.91–6.82 

(m, 3H), 3.67 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 167.4, 158.4, 145.3, 141.1, 

140.8, 133.7 (q, J = 5.9 Hz), 133.1, 132.2, 132.2 (q, J = 35.3 Hz), 129.6, 128.5, 128.1, 

124.3, 122.1 (q, J = 270.7Hz), 122.1, 121.3, 120.8, 119.7, 118.2, 115.9, 114.2, 113.2, 

72.4, 55.2. HRMS (ESI) Calcd. for C26H18F3N2O2
+ [M+H+]: 447.1315, Found: 

447.1325.

(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2d): white solid, m.p.: 301.3-
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302.4 oC, 33.6 mg, 78% yield, 89% ee, HPLCcondition: Chiralpak IA (isopropyl 

alcohol/n-hexane: 5/95, 0.8 mL/min., tmajor = 45.114 min., tminor = 21.694 min.). [α]D
20 

= +114.5 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.02 (s, 1H), 7.94 

(d, J = 7.1 Hz, 1H), 7.68–7.53 (m, 2H), 7.50–7.41 (m, 1H), 7.35 (dt, J = 4.5, 2.8 Hz, 

1H), 7.25–7.18 (m, 2H), 7.17–7.06 (m, 4H), 6.97 (d, J = 7.4 Hz, 1H), 6.88 (t, J = 2.4 

Hz, 1H), 2.20 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 167.4, 145.4, 141.1, 140.9, 

137.0, 133.8 (q, J = 5.9 Hz), 133.6, 133.3, 132.2, 132.2 (q, J = 35.3 Hz), 129.7, 129.5, 

126.1, 124.4, 122.2, 122.2 (q, J = 270.7 Hz), 121.3, 120.9, 119.7, 118.3, 115.9, 113.2, 

72.3, 20.6. HRMS (ESI) Calcd. for C26H18F3N2O+ [M+H+]: 431.1366, Found: 

431.1362.

(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2e): white solid, 

m.p.: 256.7-257.9 oC, 32.8 mg, 73% yield, 87% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 5/95, 0.8 

mL/min., tmajor= 45.005 min., tminor = 26.411 min.). [α]D
20 = 

+110.2 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.02 (s, 1H), 7.97 

(dd, J = 6.8, 0.7 Hz, 1H), 7.67–7.54 (m, 2H), 7.51–7.44 (m, 1H), 7.43–7.30 (m, 5H), 

7.19–7.09 (m, 2H), 6.96 (d, J = 7.4 Hz, 1H), 6.90 (q, J = 2.2 Hz, 1H). 13C NMR (101 

MHz, DMSO-d6) δ 167.4, 145.3, 141.1, 140.9, 135.4, 133.6 (q, J = 5.05 Hz), 133.5, 

132.5 (q, J = 35.9 Hz), 131.9, 131.6, 129.8, 129.2, 127.2, 124.5, 122.3, 122.1 (q, J = 

269.7 Hz), 121.3, 121.0,119.7, 118.4, 116.0, 113.3, 72.0. HRMS (ESI) Calcd. for 

C25H15ClF3N2O+ [M+H+]: 451.0820 (35Cl), 453.0790 (37Cl), Found: 451.0825 (35Cl), 

453.0801 (37Cl).

(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2f): white solid, 

m.p.: 270.2-272.1 oC, 26.9 mg, 57% yield, 90% ee, HPLC 
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condition: Chiralpak IA (isopropyl alcohol/n-hexane: 5/95, 0.8 mL/min., tmajor= 

12.502 min., tminor = 8.663 min.). [α]D
20 = +93.5 (c 1.0, ethyl acetate). 1H NMR (400 

MHz, DMSO-d6) δ 12.03 (s, 1H), 7.94 (d, J = 7.4 Hz, 1H), 7.59 (dt, J = 22.5, 7.3 Hz, 

2H), 7.48 (d, J = 5.8 Hz, 1H), 7.41–7.30 (m, 3H), 7.28 (d, J = 8.2 Hz, 2H), 7.13 (d, J 

= 4.3 Hz, 2H), 6.96–6.85 (m, 2H), 1.19 (s, 9H). 13C NMR (101 MHz, DMSO-d6) δ 

167.5, 149.6, 145.6, 141.2, 141.0, 133.9 (q, J = 5.0 Hz), 133.9, 133.3, 132.2, 132.1 (q, 

J = 36.4 Hz), 129.7, 125.9, 125.0, 124.4, 122.3, 122.2 (q, J = 269.7 Hz),121.2, 121.0, 

119.8, 118.4, 115.9, 113.3, 72.2, 34.4, 31.1. HRMS (ESI) Calcd. for C29H24F3N2O+ 

[M+H+]: 473.1835, Found: 473.1845.

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2g): yellow solid, 

m.p.: 266.6-268.0 oC, 33.3 mg, 67% yield, 90% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0 

mL/min., tmajor= 12.565 min., tminor = 9.316 min.). [α]D
20 = 

+109.2 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.02 (s, 1H), 7.97 (d, 

J = 7.1 Hz, 1H), 7.67–7.55 (m, 2H), 7.55–7.47 (m, 3H), 7.41–7.35 (m, 1H), 7.34–7.27 

(m, 2H), 7.19–7.10 (m, 2H), 6.96 (d, J = 7.5 Hz, 1H), 6.91 (t, J = 2.3 Hz, 1H).13C 

NMR (101 MHz, DMSO-d6) δ 167.3, 145.3, 141.0, 140.9, 135.8, 133.5 (q, J = 5.7 

Hz), 133.5, 132.4 (q, J = 36.0 Hz), 132.0, 131.8, 129.7, 127.3, 124.5, 122.3, 122.1 (q, 

J = 270.7 Hz), 121.3, 121.0, 119.9, 119.7, 118.3, 116.0, 113.2, 71.9. HRMS (ESI) 

Calcd. for C25H15BrF3N2O+ [M+H+]: 495.0314 (79Br), 497.0294 (81Br), Found: 

495.0312 (79Br), 497.0296 (81Br).

Ethyl-(R)-4-(3'-oxo-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-2'-yl)benzoate (2h): 

white solid, m.p.: 242.3-243.7 oC, 36.3 mg, 74% yield, 85% 
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ee, HPLC condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 20/80, 1.0 

mL/min., tmajor = 7.584 min., tminor = 5.649 min.). [α]D
20 = +114.2 (c 1.0, ethyl acetate). 

1H NMR (400 MHz, DMSO-d6) δ 11.99 (s, 1H), 7.98 (d, J = 7.3 Hz, 1H), 7.88 (d, J = 

8.3 Hz, 2H), 7.69–7.56 (m, 2H), 7.52 (d, J = 8.1 Hz, 3H), 7.40– 7.30 (m, 1H), 7.19–

7.10 (m, 2H), 6.98–6.85 (m, 2H), 4.22 (q, J = 7.1 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, DMSO-d6) δ 167.5, 165.1, 145.6, 141.3, 141.1, 141.0, 133.9, 

133.8 (q, J = 6.1 Hz), 132.4 (q, J = 36.1 Hz), 131.7, 130.1, 129.9, 127.6, 124.7,123.4, 

122.5, 122.2 (q, J = 270.7 Hz), 121.2, 121.1, 119.8, 118.5, 116.0, 113.3, 71.9, 60.9, 

14.2. HRMS (ESI) Calcd. for C28H20F3N2O3
+ [M+H+]: 489.1421, Found: 489.1428.

(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta 

[b]indole-3,1'-isoindolin]-3'-one (2i): white solid, m.p.: 170.9- 

172.0 oC, 21.8 mg, 47% yield, 69% ee, HPLC condition: Chiralpak 

AS-H (isopropyl alcohol/n-hexane: 10/90, 1.0 mL/min., tmajor = 

13.613 min., tminor = 32.161 min.). [α]D
20 = +28.3 (c 1.0, ethyl 

acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.01 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 

7.97 (d, J = 7.0 Hz, 1H), 7.74–7.60 (m, 3H), 7.56 (t, J = 7.7 Hz, 1H), 7.47 (dd, J = 

14.8, 7.6 Hz, 2H), 7.24–7.08 (m, 3H), 7.04 (d, J = 6.9 Hz, 1H), 6.63 (s, 1H). 13C NMR 

(101 MHz, DMSO-d6) δ 167.3, 146.1, 144.3, 141.5, 141.2, 134.5, 134.1, 133.5 (q, J = 

35.3 Hz), 131.6(q, J = 8.1 Hz), 130.8, 130.0, 129.5, 128.5, 128.0, 125.8, 124.7, 122.5, 

121.8 (q, J = 269.7 Hz), 121.7, 121.1, 119.5, 118.4, 116.4, 113.6, 72.0. HRMS (ESI) 

Calcd. for C25H15F3N3O3
+ [M+H+]: 462.1060, Found: 462.1068.

(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2j): white solid, 

m.p.: 147.0-148.2 oC, 24.3 mg, 52% yield, 93% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0 

mL/min., tmajor = 11.643 min., tminor = 9.290 min.). [α]D
20 = 
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+130.5 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.06 (s, 1H), 7.99 (d, 

J = 7.4 Hz, 1H), 7.85 (d, J = 8.4 Hz, 3H), 7.75– 7.55 (m, 3H), 7.54–7.39 (m, 4H), 

7.36 (d, J = 7.4 Hz, 1H), 7.17–7.04 (m, 2H), 6.99 (d, J = 8.6 Hz, 2H). 13C NMR (101 

MHz, DMSO-d6) δ 167.7, 145.5, 141.2, 141.0, 134.1, 134.0 (q, J = 6.1 Hz), 133.6, 

132.9, 132.5 (q, J = 35.7 Hz), 132.2, 131.8, 129.9, 128.8, 127.8, 127.7, 126.9, 126.6, 

124.6, 124.2, 123.9, 122.4, 122.2 (q, J = 269.7 Hz), 121.4, 121.1, 119.8, 118.4, 116.2, 

113.3, 72.5. HRMS(ESI) Calcd. for C29H18F3N2O+ [M+H+]: 467.1366, Found: 

467.1371.

(R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole- 

3,1'-isoindolin]-3'-one (2k): yellow oil,6.1 mg, 16% yield, 62% ee, 

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 10/90, 

0.8mL/min., tmajor = 3.769 min., tminor = 5.737 min.). [α]D
20 = +163.8 

(c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 11.90 (s, 1H), 

7.87-7.79 (m, 1H), 7.61–7.47 (m, 3H), 7.35 (dt, J = 7.2, 3.3 Hz, 1H), 7.20–7.12 (m, 

2H), 6.94 (d, J = 7.5 Hz, 1H), 6.59 (dd, J = 2.3 Hz, 1H), 3.23–3.02 (m, 2H), 1.40–1.31 

(m, 2H), 0.76 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 167.9, 145.0, 

141.1, 141.0, 133.7 (q, J = 6.0 Hz), 132.7, 132.5, 129.5, 123.8, 122.2, 122.2 (q, J = 

270.7 Hz), 121.3, 121.0, 119.8, 118.3, 116.0, 113.2, 70.9, 42.5, 21.9, 11.4. HRMS 

(ESI) Calcd. for C22H18F3N2O+ [M+H+]: 383.1366, Found: 383.1369.

(R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2l): yellow solid, m.p.: 190.8-192.1 
oC, 11.8 mg, 31% yield, 54% ee, HPLC condition: Chiralpak IA 

(isopropyl alcohol/n-hexane: 10/90, 1.0 mL/min., tmajor = 7.141 min., 

tminor = 13.102 min.). [α]D
20 = +80.3 (c 1.0, ethyl acetate). 1H NMR (400 MHz, 

DMSO-d6) δ 11.86 (s, 1H), 7.82 (d, J = 7.4 Hz, 1H), 7.60–7.44 (m, 3H), 7.36 (d, J = 

5.8 Hz, 1H), 7.20–7.11 (m, 2H), 6.88 (d, J = 7.4 Hz, 1H), 6.68 (s, 1H), 1.22 (s, 1H), 

0.75 (d, J = 4.5 Hz, 1H), 0.63 – 0.35 (m, 3H). 13C NMR (101 MHz, DMSO-d6) δ 
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168.8, 146.0, 141.2, 140.8, 134.3 (q, J = 5.6 Hz), 132.8, 132.6, 132.1 (q, J = 36.0 Hz), 

129.4, 123.8, 122.3 (q, J = 270.7 Hz), 122.0, 121.1, 120.8, 119.9, 118.2, 115.8, 113.1, 

71.7, 23.5, 4.5, 3.8. HRMS (ESI) Calcd. for C22H16F3N2O+ [M+H+]: 381.1209, Found: 

381.1218.

(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole- 

3,1'-isoindolin]-3'-one (2m): yellow oil, 12.9 mg, 30% yield, 73% ee, 

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 10/90, 

0.8 mL/min, tmajor = 7.584 min, tminor = 9.155 min). [α]D
20 = +62.3 (c 

1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 11.72 (s, 1H), 

7.91 (d, J = 7.4 Hz, 1H), 7.63–7.45 (m, 3H), 7.31–7.25 (m, 1H), 7.17–7.10 (m, 5H), 

7.09–7.02 (m, 2H), 6.93 (d, J = 7.5 Hz, 1H), 6.09 (dd, J = 4.0, 2.1 Hz, 1H), 4.65 (d, J 

= 15.3 Hz, 1H), 4.06 (d, J = 15.4 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 167.9, 

144.3, 141.2, 141.1, 137.1, 133.0 (q, J = 5.9 Hz), 132.1 (q, J = 35.3 Hz), 132.9, 132.1, 

129.7, 128.2, 127.9, 127.4, 124.1, 122.2, 122.1 (q, J = 269.7 Hz), 121.5, 120.9, 119.8, 

118.3, 116.4, 113.2, 70.8, 44.1. HRMS (ESI) Calcd. for C26H18F3N2O+ [M+H+]: 

431.1366, Found: 431.1369.

(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2n): yellow 

solid, m.p.: 147.7-148.4 oC, 36.5 mg, 82% yield, 77% ee, 

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 

15/85, 1.0 mL/min., tmajor = 10.174 min., tminor = 8.014 min.). 

[α]D
20 = +68.8 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.01 (s, 1H), 

7.48–7.42 (m, 2H), 7.39–7.28 (m, 5H), 7.24–7.17 (m, 1H), 7.16–7.09 (m, 3H), 6.87 (d, 

J = 8.4 Hz, 1H), 6.86– 6.83 (m, 1H), 3.87 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 

167.2, 160.7, 145.5, 140.9, 136.5, 133.9 (q, J = 5.9 Hz), 133.6, 132.5, 132.0 (q, J = 

35.9 Hz), 129.0, 127.3, 125.6, 122.4, 122.1, 122.1 (q, J = 269.7 Hz), 120.9, 120.9, 

119.7, 118.2, 115.7, 113.2, 107.7, 71.8, 56.0. HRMS (ESI) Calcd. for C26H18F3N2O2
+ 

Bn
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[M+H+]: 447.1315, Found: 447.1311.

(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2o): yellow solid, 

m.p.: 162.4-163.3 oC, 38.9 mg, 79% yield, 82% ee, HPLC 

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90, 

1.0 mL/min., tmajor = 24.761 min., tminor = 6.990 min.). [α]D
20 = 

+74.6 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.03 (s, 1H), 8.11 (s, 

1H), 7.75 (d, J = 8.2 Hz, 1H), 7.45 (d, J = 7.2 Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.32 

(d, J = 4.0 Hz, 4H), 7.27–7.19 (m, 1H), 7.18–7.09 (m, 2H), 6.97–6.86 (m, 2H). 13C 

NMR (101 MHz, DMSO-d6) δ 165.9, 144.8, 140.9, 140.3, 136.1, 136.0, 134.4, 133.1 

(q, J = 6.1 Hz), 132.5 (q, J = 35.8 Hz), 129.1, 127.6, 126.9, 125.8, 123.6, 122.6, 122.3, 

122.0 (q, J = 269.7 Hz), 121.0 (s), 119.7, 118.3, 116.0, 113.3, 71.9. HRMS (ESI) 

Calcd. for C25H14BrF3N2NaO+ [M+Na+]: 517.0134 (79Br), 519.0113 (81Br), Found: 

517.0155 (79Br), 519.0132 (81Br).

(R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2p): white solid, 

m.p.: 150.0-151.2 oC, 30.8 mg, 72% yield, 81% ee, HPLC 

condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70, 

1.0 mL/min., tmajor = 10.078 min., tminor = 5.181 min.). [α]D
20 = 

+55.9 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.00 (s, 1H), 7.77 (s, 

1H), 7.46 (d, J = 6.1 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.37–7.26 (m, 5H), 7.21 (d, J 

= 6.1 Hz, 1H), 7.16–7.08 (m, 2H), 6.85 (d, J = 6.6 Hz, 2H), 2.43 (s, 3H). 13C NMR 

(101 MHz, DMSO-d6) δ 167.4, 145.6, 140.9, 139.6, 138.2, 136.5, 134.1, 133.9 (q, J = 

6.0 Hz), 132.2, 132.1 (q, J = 37.4 Hz), 129.0, 127.2, 125.6, 124.5, 122.2 (q, J = 270.7 

Hz), 122.1, 121.0, 120.9, 119.7, 118.3, 115.8, 113.2, 72.0,20.9. HRMS (ESI) Calcd. 

for C26H18F3N2O+ [M+H+]: 431.1366, Found: 431.1371.
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(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2q): yellow solid, 

m.p.: 224.2-225.7 oC, 32.4 mg, 75% yield, 83% ee, HPLC 

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90, 

1.0 mL/min., tmajor = 10.290 min., tminor = 5.540 min.). [α]D
20 = 

+98.3 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.03 (s, 1H), 7.79 (dd, 

J = 7.7, 2.4 Hz, 1H), 7.50–7.35 (m, 3H), 7.35–7.28 (m, 4H), 7.22 (dt, J = 8.7, 4.4 Hz, 

1H), 7.18–7.09 (m, 2H), 7.03 (dd, J = 8.4, 4.4 Hz, 1H), 6.90 (t, J = 2.4 Hz, 1H).13C 

NMR (101 MHz, DMSO-d6) δ 166.27 (d, J = 3.4 Hz), 163.00 (d, J = 246.7 Hz),145.0, 

140.9, 136.7, 136.1, 134.4 (d, J = 8.8 Hz), 133.4 (q, J = 5.8 Hz), 132.4 (q, J = 36.0 

Hz), 129.1, 127.6, 125.9, 123.7 (d, J = 8.8 Hz), 122.3, 122.1 (q, J = 269.7 Hz), 121.0, 

120.8 (d, J = 24.1 Hz), 119.7, 118.3, 115.9(d, J = 1.7 Hz), 113.3, 111.0 (d, J = 23.9 

Hz), 71.8. HRMS (ESI) Calcd. for C25H15F4N2O+ [M+H+]: 435.1115, Found: 

435.1123.

(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2r): white solid, 

m.p.: 224.3-225.7 oC, 32.7 mg, 73% yield, 81% ee, HPLC 

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90, 

1.0 mL/min., tmajor = 18.545 min., tminor = 6.456 min.). [α]D
20 = 

+71.7 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.02 (s, 1H), 7.99 (s, 

1H), 7.62 (d, J = 8.2 Hz, 1H), 7.45 (d, J = 6.8 Hz, 1H), 7.38 (d, J = 7.4 Hz, 1H), 7.31 

(d, J = 2.0 Hz, 4H), 7.23 (d, J = 3.8 Hz, 1H), 7.18–7.08 (m, 2H), 6.99 (d, J = 8.2 Hz, 

1H), 6.89 (s, 1H). 13C NMR (101 MHz, DMSO-d6) δ 166.1, 144.9, 140.9, 139.8, 

136.0, 134.5, 134.2, 133.3, 133.2 (q, J = 5.9 Hz), 132.6 (q, J = 35.8 Hz), 129.1, 127.7, 

125.9, 124.1, 123.4, 122.1 (q, J = 269.7 Hz), 122.4, 121.0, 119.7, 118.4, 116.1, 113.3, 

71.9. HRMS (ESI) Calcd. for C25H15ClF3N2O+ [M+H+]: 451.0820 (35Cl), 453.0790 

(37Cl), Found: 451.0824 (35Cl), 453.0800 (37Cl).
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(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2s): yellow solid, 

m.p.: 279.8-280.5 oC, 21.6 mg, 44% yield, 91% ee, HPLC 

condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70, 

1.0 mL/min., tmajor = 9.584 min., tminor = 5.220 min.). [α]D
20 = -

14.1 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.04 (s, 1H), 7.91 (d, J 

= 8.0 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.46 (d, J = 7.0 Hz, 1H), 7.39 (d, J = 7.6 Hz, 

1H), 7.32 (d, J = 13.6 Hz, 4H), 7.22 (s, 1H), 7.19–7.07 (m, 3H), 6.90 (s, 1H).13C 

NMR (101 MHz, DMSO-d6) δ 166.4, 144.7, 143.3, 140.9, 135.9, 133.1 (q, J = 6.1 

Hz), 133.0, 132.8 (q, J = 34.3 Hz), 131.5, 129.1, 127.6, 126.6, 126.3, 126.0, 124.1, 

122.3, 122.0 (q, J = 269.7 Hz), 121.0, 119.7, 118.4, 116.2, 113.3, 71.6. HRMS (ESI) 

Calcd. for C25H15BrF3N2O+ [M+H+]: 495.0314 (79Br), 497.0294 (81Br), Found: 

495.0318 (79Br), 497.0303 (81Br).

(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2t): yellow solid, 

m.p.: 280.6-281.5 oC, 28.6 mg, 64% yield, 88% ee, HPLC 

condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70, 

1.0 mL/min., tmajor = 9.157 min., tminor = 5.034 min.). [α]D
20 = -

13.3(c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.04 (s, 1H), 7.98 (d, J = 

8.1 Hz, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.45 (d, J = 7.0 Hz, 1H), 7.38 (d, J = 7.4 Hz, 

1H), 7.32 (d, J = 13.3 Hz, 4H), 7.22 (s, 1H), 7.17–7.09 (m, 2H), 7.03 (s, 1H), 6.89 (s, 

1H). 13C NMR (101 MHz, DMSO-d6) δ 166.3, 144.8, 143.2, 140.9, 137.9, 135.9, 

133.1 (q, J = 6.7 Hz), 132.5 (q, J = 35.6 Hz), 131.1, 130.2, 129.1, 127.7, 126.2, 126.0, 

122.3, 122.0 (q, J = 269.7 Hz), 121.3, 121.0, 119.7, 118.4, 116.2, 113.3, 71.7. HRMS 

(ESI) Calcd. for C25H15ClF3N2O+ [M+H+]: 451.0820 (35Cl), 453.0790 (37Cl), Found: 

451.0818 (35Cl), 453.0792 (37Cl).

(R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-
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spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2u): white solid, m.p.: 283.0- 

284.1 oC, 22.3 mg, 50% yield, 91% ee, HPLC condition: Chiralpak IA (isopropyl 

alcohol/n-hexane: 15/85, 1.0 mL/min., tmajor = 10.817 min., tminor = 6.192 min.). [α]D
20 

= +77.7 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 7.97 (d, 

J = 7.3 Hz, 1H), 7.71–7.54 (m, 2H), 7.41 (d, J = 9.1 Hz, 2H), 7.32 (d, J = 2.6 Hz, 4H), 

7.22 (d, J = 3.1 Hz, 1H), 7.16 (d, J = 8.7 Hz, 1H), 7.04–6.92 (m, 2H). 13C NMR (101 

MHz, DMSO-d6) δ 167.3, 147.3, 140.7, 139.3, 136.2, 134.4 (q, J = 5.9 Hz), 133.4, 

132.1, 131.7 (q, J = 36.0 Hz), 129.8, 129.0, 127.4, 125.8, 125.6, 124.4, 122.1, 122.0 

(q, J = 269.7 Hz), 121.3, 120.4, 117.2, 115.4, 114.9, 72.2. HRMS (ESI) Calcd. for 

C25H15ClF3N2O+ [M+H+]: 451.0820 (35Cl), 453.0790 (37Cl), Found: 451.0830 (35Cl), 

453.0811 (37Cl).

(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2v): white 

solid, m.p.: 288.4- 289.0 oC, 26.1 mg, 53% yield, 90% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0 

mL/min., tmajor = 10.832 min., tminor = 6.283 min.). [α]D
20 = +80.7 (c 

1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 7.97 (dd, J = 6.8, 

0.7 Hz, 1H), 7.71–7.56 (m, 2H), 7.54 (d, J = 1.3 Hz, 1H), 7.37 (d, J = 8.7 Hz, 1H), 

7.32 (t, J = 4.5 Hz, 4H), 7.29–7.25 (m, 1H), 7.25–7.18 (m, 1H), 7.02–6.98 (m, 1H), 

6.97 (q, J = 2.2 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 167.3, 147.1, 140.6, 

139.5, 136.2, 134.5 (q, J = 5.7 Hz), 133.4, 132.1, 131.7 (q, J = 36.2 Hz), 129.8, 129.1, 

127.5, 125.8, 124.7, 124.5, 122.0 (q, J = 270.7 Hz), 121.3, 121.1, 120.3, 115.3, 113.5, 

72.2. HRMS (ESI) Calcd. for C25H15BrF3N2O+ [M+H+]: 495.0314 (79Br), 497.0294 

(81Br), Found: 495.0309 (79Br),497.0303 (81Br).

(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2w): yellow solid, 

m.p.: 271.9-273.2 oC, 31.1 mg, 72% yield, 86% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0 

HN
CF3

O

N

Br

HN
CF3

O

N

Me
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mL/min., tmajor = 9.176 min., tminor = 6.718 min.). [α]D
20 = +92.1 (c 1.0, ethyl acetate). 

1H NMR (400 MHz, DMSO-d6) δ 11.84 (s, 1H), 7.95 (d, J = 7.3 Hz, 1H), 7.67–7.53 

(m, 2H), 7.37–7.27 (m, 5H), 7.21 (s, 1H), 7.13 (d, J = 9.6 Hz, 1H), 6.95 (d, J = 7.8 Hz, 

2H), 6.85 (s, 1H), 2.35 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 167.3, 144.7, 141.3, 

141.3, 136.4, 133.6 (q, J = 5.8 Hz), 133.3, 132.3 (q, J = 35.3 Hz), 132.1, 131.6, 129.6, 

129.0, 127.3, 125.7, 124.4, 122.5, 122.1 (q, J = 270.7 Hz), 121.2, 117.9, 117.7, 115.8, 

112.9, 72.2, 21.3. HRMS (ESI) Calcd. for C26H18F3N2O+ [M+H+]: 431.1366, Found: 

431.1366.

(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2x): white solid, 

m.p.: 286.1-287.2 oC, 17.8 mg, 40% yield, 93% ee, HPLC 

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 

1.0 mL/min., tmajor = 6.947 min., tminor = 5.819 min.). [α]D
20 = 

+130.6 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.07 (s, 1H), 7.94 (d, 

J = 7.4 Hz, 1H), 7.61 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.4 Hz, 1H), 7.37 (d, J = 7.9 Hz, 

2H), 7.31 (t, J = 7.5 Hz, 2H), 7.20 (t, J = 7.1 Hz, 1H), 7.03 (d, J = 13.4 Hz, 2H), 6.96–

6.82 (m, 2H), 6.71 (d, J = 5.7 Hz, 1H), 3.84 (s, 3H). 13C NMR (101 MHz, DMSO-d6) 

δ 167.4, 146.7, 145.0, 141.2, 136.6, 134.0 (q, J = 5.7 Hz), 133.1, 132.4, 132.2 (q, J = 

35.7 Hz), 130.8, 129.5, 129.0, 127.2, 125.8, 124.3, 122.2 (q, J = 270.7 Hz), 121.5, 

121.1, 120.8, 116.4, 110.9, 102.7, 72.1, 55.3. HRMS (ESI) Calcd. for C26H18F3N2O2
+ 

[M+H+]: 447.1315, Found: 447.1320.

4.Control Experiments

HN
CF3

O

N

MeO
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N
H

O

CF3

OH

N

(R)-CPA 4 (10 mol%)

PhCl, 60 oC
N

CF3

O

N

42% yield, 13% ee
4

3

48 h

Compound 3(0.10 mmol) and (R)-CPA4 (10 mol%) were dissolved in PhCl (2.0 

mL) and stirred at 60 oC.The reaction progress was monitored by TLC. Upon 

completion, the mixture was subjected to column chromatography on silica gel 

(petroleum ether/ EtOAc =5:1) to afford the desired product 4.

4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4): yellow 

solid, m.p.: 179.2-182.1 oC,18.0 mg, 42% yield, 13% ee, HPLC 

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90, 

1.0 mL/min., tmajor = 6.484 min., tminor = 8.280 min.). [α]D
20 = +13.1 

(c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 7.99 (dd, J = 6.8, 0.7 Hz, 1H), 

7.72–7.58 (m, 2H), 7.47 (dd, J = 10.4, 4.4 Hz, 2H), 7.39–7.29 (m, 4H), 7.27–7.14 (m, 

3H), 7.04–6.98 (m, 1H), 6.90 (dd, J = 4.0, 2.1 Hz, 1H), 3.35 (s, 3H). 13C NMR (101 

MHz, DMSO-d6) δ 167.1, 144.5, 141.4, 139.5, 136.3, 134.4 (q, J = 5.7 Hz), 133.8, 

132.0, 131.9 (q, J = 35.3 Hz), 130.1, 129.2, 127.5, 125.2, 124.7, 122.4, 122.1 (q, J = 

270.7 Hz), 121.4, 121.4, 119.3, 118.5, 115.7, 111.5, 72.2, 30.3. HRMS (ESI) Calcd. 

for C26H17F3N2NaO+ [M+Na+]: 453.1185, Found: 453.1195.

N
H

O

CF3

OH

N
H

(R)-CPA 4 (10 mol%)

PhCl, 60 oC
mess

5

Compound 5 (0.10 mmol) and (R)-CPA4 (10 mol%) were dissolved in PhCl (2.0 

mL) and stirred at 60 oC. The reaction progress was monitored by TLC. 

N

CF3

O

N
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5. Reaction at mmol-scale and product transformation

N
H

O

CF3

OH

N
H

(S)-CPA 10 (10 mol)

PhCl (10 mL), 60 oC HN

CF3

O

N

Br

Br

1 mmol
70% yield, 88% ee

48 h
344 mg

43% yield, 99% ee
211 mg

After single
crystallization

1g
2g

Compound 1g (1.0 mmol) and (S)-CPA10 (10 mol%) were dissolved in PhCl 

(10.0 mL) and stirred at 60 oC. The reaction progress was monitored by TLC. Upon 

completion, the mixture was subjected to column chromatography on silica gel 

(petroleum ether/EtOAc =5:1) to afford the desired product 2g in 70% yield (344 mg, 

88% ee). After a single crystallization (EtOH/petroleumether), the desired product 2g 

was obtained in 43% yield (211 mg, 99% ee).

HN
CF3

N Br
LiAlH4

THF, 60 oC, 1h

45% yield, 99% ee

HN
CF3

O

N Br

0.1 mmol, 99% ee
2g 6

Compound 6 was prepared according to a modified known procedure[4]. LiAlH4 

(0.3 mmol) was added to a freshly distilled THF (1.0 mL) solution of 2g (0.10 mmol) 

at 0 °C. After 1 hour at 60 oC, reaction mixture was quenched with ice water and 

extracted with EtOAc. Organic layers were collected, dried over Na2SO4, filtered and 

evaporated under reduced pressure. Column chromatography of the residue on silica 

gel (petroleum ether/ethyl acetate 10:1) afforded compound 6.

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro 

[cyclopenta[b]indole-3,1'-isoindoline] (6): white solid, m.p.: 

198.4.-199.5 oC, 21.7 mg, 45% yield, 99% ee, HPLC condition: 
HN

CF3

N Br
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Chiralpak IA (ethyl alcohol/n-hexane: 5/95, 1.0 mL/min., tmajor = 7.595 min., tminor = 

8.642 min.). [α]D
20 = +212.3 (c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 

11.84 (s, 1H), 7.65–7.53 (m, 2H), 7.41–7.29 (m, 2H), 7.28–7.22 (m, 2H), 7.21–7.09 

(m, 3H), 6.75 (dd, J = 4.0, 2.2 Hz, 1H), 6.51 (d, J = 7.7 Hz, 1H), 6.46–6.34 (m, 2H), 

4.99 (d, J = 13.6 Hz, 1H), 4.92 (d, J = 13.6 Hz, 1H).13C NMR (101 MHz, DMSO-d6) 

δ 151.1, 144.8, 140.9, 138.6, 137.4, 136.9 (q, J = 5.6 Hz), 131.7, 129.8 (q, J = 35.7 

Hz), 128.5, 127.9, 123.5, 122.5 (q, J = 269.7 Hz), 121.9, 120.7, 120.6, 120.0, 118.4, 

114.4, 114.0, 113.0, 108.7, 74.7, 54.5. HRMS( ESI) Calcd. for C25H17BrF3N2
+ 

[M+H+]: 481.0522 (79Br), 483.0501 (81Br),Found: 481.0525 (79Br), 483.0517 (81Br).

Pd(OAc)2, PPh3, K2CO3

toluene, 110 oC, 12 h

B

,

HO OH

HN
CF3

O

N

93% yield, 99% ee

HN
CF3

O

N Br

0.1 mmol, 99% ee

2g 7

A Schlenk tube was charged with a mixture of 2g (0.10 mmol), phenylboronic 

acid (0.2 mmol), Pd(OAc)2 (0.005 mmol), PPh3 (0.011 mmol) and K2CO3 (0.3 mmol) 

in toluene (1 mL). The reaction mixture was stirred at 110 oC under an argon 

atmosphere. The reaction progress was monitored by TLC. Upon completion, the 

mixture was subjected to column chromatography on silica gel (petroleum ether/ 

EtOAc =2:1) to afford the desired product 7[5]. 

(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoro-methyl)-4H- 

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (7): 

white solid, m.p.: 292.3-293.3 oC, 46.0 mg, 93% yield, 99% 

ee, HPLC condition: Chiralpak IA (isopropyl alcohol/n-

hexane: 15/85, 1.0 mL/min., tmajor = 22.041 min., tminor = 11.296 min). [α]D
20 = +167.3 

(c 1.0, ethyl acetate). 1H NMR (400 MHz, DMSO-d6) δ 12.06 (s, 1H), 7.98 (d, J = 7.4 

Hz, 1H), 7.71–7.54 (m, 6H), 7.50 (d, J = 5.9 Hz, 1H), 7.45 (d, J = 8.3 Hz, 2H), 7.43–

7.35 (m, 3H), 7.32 (t, J = 7.2 Hz, 1H), 7.15 (d, J = 6.3 Hz, 2H), 6.96 (d, J = 6.6 Hz, 

HN
CF3

O

N
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2H). 13C NMR (101 MHz, DMSO-d6) δ 167.4, 145.6, 141.1, 140.9, 139.1, 138.7, 

135.9, 133.9 (q, J = 5.5 Hz), 133.4, 132.2 (q, J = 35.3 Hz), 132.0, 129.7, 128.9, 127.6, 

127.2, 126.6, 125.5, 124.4, 122.2, 122.1 (q, J = 269.7 Hz), 121.2, 120.9, 119.7, 118.3, 

115.9, 113.2, 72.1. HRMS (ESI) Calcd. for C31H20F3N2O+ [M+H+]: 493.1522, Found: 

493.1525.
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6. X-ray crystal structure of 2g

HN
CF3

O

N Br

2g

Table S1Crystal data and structure refinement for 2g.

Identification code 2g

Empirical formula C25H14BrF3N2O

Formula weight 495.29

Temperature/K 211(50)

Crystal system monoclinic

Space group P21

a/Å 9.6192(6)

b/Å 11.1853(7)

c/Å 9.6445(8)

α/° 90

β/° 94.316(6)

γ/° 90

Volume/Å3 1034.75(12)

Z 2

ρcalcg/cm3 1.590

μ/mm-1 3.131

F(000) 496.0

Crystal size/mm3 0.16 × 0.11 × 0.09

Radiation Cu Kα (λ = 1.54184)

2Θ range for data collection/° 9.196 to 147.462
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Index ranges -11 ≤ h ≤ 10, -11 ≤ k ≤ 13, -11 ≤ l ≤ 11

Reflections collected 5851

Independent reflections 3131 [Rint = 0.0425, Rsigma = 0.0348]

Data/restraints/parameters 3131/1/290

Goodness-of-fit on F2 1.080

Final R indexes [I>=2σ (I)] R1 = 0.0507, wR2 = 0.1451

Final R indexes [all data] R1 = 0.0537, wR2 = 0.1517

Largest diff. peak/hole / e Å-3 0.73/-1.50

Flack/Hooft parameter 0.12(3)/0.169(10)
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7. 1H NMR and 13C NMR spectra

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide (1a).
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N-(2-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1b)
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N-(4-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1c)



34

N-(p-tolyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1- 

yl)benzamide 1d)
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N-(4-chlorophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1e)
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N-(4-(tert-butyl)phenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3- 

yl)but-1-yn-1-yl)benzamide (1f)
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N-(4-bromophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1g)
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Ethyl 4-(2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-yl) 

benzamido)benzoate (1h)
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N-(2-nitrophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1i)
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N-(naphthalen-2-yl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1j)



41

N-propyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide (1k) 



42

N-cyclopropyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-

yn-1-yl)benzamide (1l)



43

N-benzyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide (1m)
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5-Methoxy-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1n) 
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5-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1o)



46

5-Methyl-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1p)



47

5-Fluoro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1q)
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5-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1r)
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4-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1s)
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4-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1t)



51

2-(3-(5-Chloro-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-yn-1-

yl)-N-phenylbenzamide (1u)



52

2-(3-(5-Bromo-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-yn-1-

yl)-N-phenylbenzamide (1v)



53

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(6-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1w)



54

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(7-methoxy-1H-indol-3-yl) 

but-1-yn-1-yl)benzamide (1x)



55

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (3)
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(2-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (5)
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(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2a)



58

(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b)



59

(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2c)



60

(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2d)



61

(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2e)



62

(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2f)



63

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2g)



64

Ethyl (R)-4-(3'-oxo-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole- 3,1'-isoindolin]-2'-yl)benzoate (2h)



65

(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2i)



66

(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2j)



67

(R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'- 

isoindolin]-3'-one (2k)



68

(R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2l)



69

(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'- 

isoindolin]-3'-one (2m)



70

(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2n)



71

(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2o)



72

(R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2p)



73

(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2q)



74

(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2r)



75

(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2s)



76

(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2t)



77

(R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2u)



78

(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2v)



79

(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2w)



80

(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2x)



81

4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4)



82

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindoline] (6)



83

(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta 

[b]indole-3,1'-isoindolin]-3'-one (7)
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8. HPLC Charts of Products

(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'- 

isoindolin]-3'-one (2a)

HN

CF3

O

N

HN

CF3

O

N
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(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b)

HN
CF3

O

N

MeO

HN
CF3

O

N

MeO
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(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2c)

HN
CF3

O

N OMe

HN
CF3

O

N OMe
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(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2d)

HN
CF3

O

N Me

HN
CF3

O

N Me
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(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2e)

HN
CF3

O

N Cl

HN
CF3

O

N Cl
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(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2f)

HN
CF3

O

N tBu

HN
CF3

O

N tBu
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(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2g)

HN
CF3

O

N Br

HN
CF3

O

N Br
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Ethyl (R)-4-(3'-oxo-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole- 3,1'-isoindolin]-2'-yl)benzoate (2h)

HN
CF3

O

N CO2Et

HN
CF3

O

N CO2Et



92

(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2i)

HN
CF3

O

N

O2N

HN
CF3

O

N

O2N



93

(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2j)

HN
CF3

O

N

HN
CF3

O

N



94

(R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'- 

isoindolin]-3'-one (2k)

HN
CF3

O

N

HN
CF3

O

N



95

(R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2l)

HN
CF3

O

N

HN
CF3

O

N



96

(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'- 

isoindolin]-3'-one (2m)

Bn

HN
CF3

O

N

Bn

HN
CF3

O

N



97

(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2n)

HN
CF3

O

N
MeO

HN
CF3

O

N
MeO



98

(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2o)

HN
CF3

O

N
Br

HN
CF3

O

N
Br



99

(R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2p)

HN
CF3

O

N
Me

HN
CF3

O

N
Me



100

(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2q)

HN
CF3

O

N
F

HN
CF3

O

N
F



101

(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2r)

HN
CF3

O

N
Cl

HN
CF3

O

N
Cl



102

(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2s)

HN
CF3

O

N
Br

HN
CF3

O

N
Br



103

(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2t)

HN
CF3

O

N
Cl

HN
CF3

O

N
Cl



104

(R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2u)

HN
CF3

O

N

Cl

HN
CF3

O

N

Cl



105

(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2v)

HN
CF3

O

N

Br

HN
CF3

O

N

Br



106

(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2w)

HN
CF3

O

N

Me

HN
CF3

O

N

Me



107

(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindolin]-3'-one (2x)

HN
CF3

O

N

MeO

HN
CF3

O

N

MeO



108

4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4)

N

CF3

O

N

N

CF3

O

N



109

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b] 

indole-3,1'-isoindoline] (6)

HN
CF3

N Br

HN
CF3

N Br



110

(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta 

[b]indole-3,1'-isoindolin]-3'-one (7)

HN
CF3

O

N

HN
CF3

O

N


