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Supplementary Methods 

General information: Unless otherwise stated, all reactions were set up under nitrogen atmosphere 

in oven-dried glassware using standard Schlenk techniques, monitored by TLC with silica-gel coated 

plates and purified by flash column chromatography. Commercially available reagents were used 

without further purification. Solvents were purified prior to use according to the standard methods. 

Aldimine esters1, 2-indolyl allyl carbonates2, chiral ligands L1-L43 and L5-L74 were prepared 

according to the literature procedure. 1H NMR spectra were recorded on a Bruker 400 MHz 

spectrometer in CDCl3. Chemical shifts are reported in ppm with the internal TMS signal at 0.0 ppm 

as a standard. The data are reported as (s = single, d = double, t = triple, q = quarte, m = multiple or 

unresolved, brs = broad single, coupling constant(s) in Hz, integration). 13C NMR spectra were 

recorded on a Bruker 100 MHz spectrometer in CDCl3. Chemical shifts are reported in ppm with the 

internal chloroform signal at 77.0 ppm as a standard. Enantiomeric excess values were determined by 

HPLC analysis employing AS-H, AD-H, IA, IC, ID, IE and OD-H chiral columns, using hexane and 

i-propanol as solvents. The racemic products were obtained by running reactions with racemic 

catalysts or blending equal amount of two enantiomers. The absolute configurations of compound 3a 

and 3g were determined unequivocally according to the X-ray diffraction analysis, and those of other 

tetrahydro-γ-carbolines were deduced on the basis of these results. 
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Supplementary Figure 1. Synthetic procedure A for substrate 2. Pathway for the synthesis of allyl carbonates 

started from unsubstituted and methyl-substituted indoles (2a-2e). 

 

Step A1: To a DMF (100 mL) solution of indole (50 mmol) was added KOH (100 mmol) at 25 ºC. 

The reaction mixture was stirred at the same temperature for 30 min. Then CH3I (75 mmol) was 

added via syringe. The reaction mixture was stirred at 25 ºC until complete consumption of starting 

material (detected by TLC). Then the reaction was quenched with water and extracted with EA (× 3). 

The organic layer was combined, washed with brine and dried over Na2SO4. After filtration and 

evaporation, the residue was purified by a flash column chromatography (PE/EA = 10/1) to provide 

1-methyl-1H-indole (6.24 g, 95% yield) as a colorless oil. 

Step A2: Under nitrogen atmosphere, to a solution of 1-methyl-1H-indole (6.24 g, 47.5 mmol) in 

anhydrous THF (50 mL) was added n-BuLi (2.4 M, 25 mL, 60 mmol) dropwise at 25 ºC. The 

mixture was heated to 40 ºC for 3 h and cooled to 25 ºC, followed by the addition of anhydrous DMF 

(5.8 mL, 75 mmol) dropwise. The mixture was then stirred at 40 ºC until complete consumption of 

starting material (detected by TLC). After quenching with a saturated solution of NH4Cl, the reaction 

mixture was extracted with EA (× 3). The organic layer was combined, washed with brine and dried 

over Na2SO4. After filtration and evaporation, the residue was purified by a flash column 

chromatography (PE/EA = 10/1, with 1% Et3N) to afford 1-methyl-1H-indole-2-carbaldehyde (5.92 

g, 78% yield) as a yellow solid. 

Step A3: To a solution of 1-methyl-1H-indole-2-carbaldehyde (5.92 g, 37.2 mmol) in CH2Cl2 (80 mL) 

was added phosphorus ylide (13.36 g, 40 mmol) in one portion at 25 ºC. The reaction was then 

stirred at 25 ºC until complete consumption of starting material (detected by TLC). The mixture was 

concentrated under reduced pressure, and the residue was purified by a flash column chromatography 

(PE/EA = 5/1, with 1% Et3N) to provide methyl (E)-3-(1-methyl-1H-indol-2-yl)acrylate (7.95 g, 99% 
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yield) as a light yellow solid. 

Step A4: Under nitrogen atmosphere, to a solution of methyl (E)-3-(1-methyl-1H-indol-2-yl)acrylate 

(4.3 g, 20 mmol) in anhydrous THF (40 mL) was added DIBAL-H (1.0 M, 50 mL, 50 mmol) 

dropwise at -40 ºC. After stirring at -40 ºC for 30 min, the reaction was then moved into 25 ºC and 

continuously stirred until complete consumption of starting material (detected by TLC). The reaction 

mixture was quenched with 2.0 M NaOH (aq.), extracted with EA (× 3) and filtered through celite to 

remove the colloid. The organic layer was combined, washed with brine, dried over Na2SO4 before 

evaporation. Then the residue was purified by a flash column chromatography (PE/EA = 3/1, with 

1% Et3N) to afford (E)-3-(1-methyl-1H-indol-2-yl)prop-2-en-1-ol (3.65 g, 98% yield) as a yellow 

solid. 

Step A5: DMAP (3.66 g, 30 mmol) and (E)-3-(1-methyl-1H-indol-2-yl)prop-2-en-1-ol (3.65 g, 19.5 

mmol) were dissolved in CH2Cl2 (40 mL) before cooled to 0 ºC. Then methyl chlorocarbonate (1.93 

mL, 25 mmol) was added dropwise via syringe at the same temperture. After stirring at 0 ºC for 30 

min, the reaction was then moved into 25 ºC and continuously stirred until complete consumption of 

starting material (detected by TLC). Then the reaction mixture was quenched with a saturated 

solution of NaHCO3 and extracted with CH2Cl2 (× 3). The organic layer was combined, washed with 

brine and dried over Na2SO4. After filtration and evaporation, the residue was purified by a flash 

column chromatography (PE/EA = 10/1, with 1% Et3N to PE/EA = 5/1, with 1% Et3N) to provide 

(E)-methyl (3-(1-methyl-1H-indol-2-yl)allyl) carbonate 2a (4.50 g, 94% yield) as a white solid. 

 

 

Supplementary Figure 2. Synthetic procedure B for substrate 2. Pathway for the synthesis of allyl carbonates 

started from ethyl 5-chloro-2-indolecarboxylate and ethyl 5-bromo-2-indolecarboxylate (2f and 2g). 

 

Step B1 (10 mmol starting material) followed the similar procedure as Step A1 above to provide 
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ethyl 5-chloro-1-methyl-1H-indole-2-carboxylate (2.33 g, 98% yield) as a white solid. 

Step B2: Under nitrogen atmosphere, to a solution of 5-chloro-1-methyl-1H-indole-2-carboxylate 

(2.33 g, 9.8 mmol) in anhydrous THF (20 mL) was added DIBAL-H (1.0 M, 25 mL, 25 mmol) 

dropwise at -78 ºC. After stirring at -78 ºC for 30 min, the reaction was then moved into 25 ºC and 

continuously stirred until complete consumption of starting material (detected by TLC). The reaction 

mixture was quenched with 2.0 M NaOH (aq.), extracted with EA (× 3) and filtered through celite to 

remove the colloid. The organic layer was combined, washed with brine, dried over Na2SO4 before 

evaporation. Then the crude material was dissolved in CH2Cl2 (50 mL) along with fresh MnO2 (100 

mmol) and stirred vigorously until complete consumption of the crude material (detected by TLC). 

The reaction mixture was filtered, evaporated and purified by a flash column chromatography 

(PE/EA = 5/1, with 1% Et3N) to give 5-chloro-1-methyl-1H-indole-2-carbaldehyde (1.62 g, 84% 

yield) as a yellow solid. 

Step B3-B5 followed the similar procedures as Step A3-A5 above to provide the final product 

(E)-3-(5-chloro-1-methyl-1H-indol-2-yl)allyl methyl carbonate 2f (1.89 g, 81% yield over 3 steps) as 

a white solid. 

 

 

Supplementary Figure 3. Synthetic procedure C for substrate 2. Pathway for the synthesis of N-substituted allyl 

carbonates started from unsubstituted ethyl indole-2-carboxylate (2h). 

 

Step C1-C2 (10 mmol starting material) followed the similar procedures as Step B2-B3 above to 

provide methyl (E)-3-(1H-indol-2-yl)acrylate (1.59 g, 79% yield over 2 steps) as a white solid. 

Step C3 followed the similar procedure as Step B1 above to provide N-protected product methyl 

(E)-3-(1-benzyl-1H-indol-2-yl)acrylate (2.19 g, 95% yield) as a white solid. 

Step C4-C5 followed the similar procedures as Step B4-B5 above to provide the final product 
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(E)-3-(1-benzyl-1H-indol-2-yl)allyl methyl carbonate 2h (2.13 g, 88% yield over 2 steps) as a white 

solid. 

 

 

(E)-methyl (3-(1-methyl-1H-indol-2-yl)allyl) carbonate (2a): White solid; m.p. = 96 ºC. 1H NMR 

(400 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.20 (t, J = 7.2 Hz, 1H), 7.09 

(t, J = 7.2 Hz, 1H), 6.77 (d, J = 15.6 Hz, 1H), 6.69 (s, 1H), 6.35 (dt, J = 15.6, 6.4 Hz, 1H), 4.83 (d, J 

= 6.0 Hz, 2H), 3.82 (s, 3H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.55, 137.91, 136.56, 

127.56, 124.49, 123.51, 121.94, 120.53, 119.82, 109.18, 99.86, 68.25, 54.83, 29.80. 

 

 

(E)-3-(1,4-dimethyl-1H-indol-2-yl)allyl methyl carbonate (2b): White solid; m.p. = 90 ºC. 1H 

NMR (400 MHz, CDCl3) δ 7.14-7.09 (m, 2H), 6.91-6.85 (m, 1H), 6.77 (d, J = 16.0 Hz, 1H), 6.71 (s, 

1H), 6.37 (dt, J = 15.6, 6.4 Hz, 1H), 4.82 (dd, J = 6.4, 1.2 Hz, 2H), 3.81 (s, 3H), 3.72 (s, 3H), 2.52 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 155.61, 137.72, 135.99, 130.10, 127.52, 124.14, 123.73, 122.18, 

119.99, 106.85, 98.53, 68.36, 54.86, 30.00, 18.59. 

 

 

(E)-3-(1,5-dimethyl-1H-indol-2-yl)allyl methyl carbonate (2c): White solid; m.p. = 92 ºC. 1H 

NMR (400 MHz, CDCl3) δ 7.34 (s, 1H), 7.15 (d, J = 8.4 Hz, 1H), 7.01 (dd, J = 8.4, 1.6 Hz, 1H), 6.74 

(d, J = 15.6 Hz, 1H), 6.59 (s, 1H), 6.32 (dt, J = 15.6, 6.4 Hz, 1H), 4.81 (dd, J = 6.4, 1.6 Hz, 2H), 3.81 

(s, 3H), 3.69 (s, 3H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.59, 136.55, 136.45, 129.04, 

127.81, 124.06, 123.75, 123.69, 120.12, 108.89, 99.37, 68.36, 54.85, 29.87, 21.34. 
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(E)-3-(1,6-dimethyl-1H-indol-2-yl)allyl methyl carbonate (2d): White solid; m.p. = 98 ºC. 1H 

NMR (400 MHz, CDCl3) δ 7.34 (s, 1H), 7.15 (d, J = 8.4 Hz, 1H), 7.01 (dd, J = 8.4, 1.6 Hz, 1H), 6.74 

(d, J = 15.6 Hz, 1H), 6.59 (s, 1H), 6.32 (dt, J = 15.6, 6.4 Hz, 1H), 4.81 (dd, J = 6.4, 1.6 Hz, 2H), 3.81 

(s, 3H), 3.69 (s, 3H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.59, 138.40, 136.01, 131.89, 

125.43, 123.84, 123.72, 121.69, 120.20, 109.17, 99.85, 68.40, 54.83, 29.77, 21.95. 

 

 

(E)-3-(1,7-dimethyl-1H-indol-2-yl)allyl methyl carbonate (2e): White solid; m.p. = 80 ºC. 1H 

NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 1H), 6.93 (t, J = 7.2 Hz, 1H), 6.87 (d, J = 6.8 Hz, 1H), 

6.73 (d, J = 15.6 Hz, 1H), 6.63 (s, 1H), 6.29 (dt, J = 15.6, 6.4 Hz, 1H), 4.81 (dd, J = 6.4, 1.2 Hz, 2H), 

3.95 (s, 3H), 3.81 (s, 3H), 2.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.57, 137.37, 136.98, 

128.42, 125.12, 124.83, 123.85, 120.95, 119.91, 118.76, 100.66, 68.27, 54.85, 32.91, 20.39. 

 

 

(E)-3-(5-chloro-1-methyl-1H-indol-2-yl)allyl methyl carbonate (2f): White solid; m.p. = 96 ºC. 1H 

NMR (400 MHz, CDCl3) δ 7.50 (d, J = 1.4 Hz, 1H), 7.14 (s, 1H), 7.12 (d, J = 1.9 Hz, 1H), 6.71 (d, J 

= 16.1 Hz, 1H), 6.58 (s, 1H), 6.34 (dt, J = 15.8, 6.3 Hz, 1H), 4.81 (dd, J = 6.3, 1.4 Hz, 2H), 3.81 (s, 

3H), 3.67 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.52, 137.87, 136.26, 128.47, 125.57, 125.42, 

122.87, 122.12, 119.71, 110.18, 99.22, 68.02, 54.89, 29.97. 

 

 

(E)-3-(5-bromo-1-methyl-1H-indol-2-yl)allyl methyl carbonate (2g): White solid; m.p. = 98 ºC. 

1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 2.0 Hz, 1H), 7.28-7.23 (m, 1H), 7.12 (d, J = 8.8 Hz, 1H), 
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6.73 (d, J = 16.0 Hz, 1H), 6.59 (s, 1H), 6.36 (dt, J = 15.6, 6.4 Hz, 1H), 4.82 (dd, J = 6.4, 1.2 Hz, 2H), 

3.82 (s, 3H), 3.70 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.55, 137.76, 136.55, 129.19, 125.68, 

124.70, 122.86, 113.07, 110.65, 99.17, 68.04, 54.92, 30.01. 

 

 

(E)-3-(1-benzyl-1H-indol-2-yl)allyl methyl carbonate (2h): White solid; m.p. = 88 ºC. 1H NMR 

(400 MHz, CDCl3) δ 7.60 (dd, J = 6.8, 1.2 Hz, 1H), 7.28-7.20 (m, 4H), 7.16-7.12 (m, 1H), 7.12-7.07 

(m, 1H), 7.03-6.96 (m, 2H), 6.77 (s, 1H), 6.70-6.62 (m, 1H), 6.34 (dt, J = 15.6, 6.4 Hz, 1H), 5.36 (s, 

2H), 4.73 (dd, J = 6.4, 1.2 Hz, 2H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.49, 137.75, 

137.49, 136.51, 128.76, 127.82, 127.37, 125.91, 124.96, 123.39, 122.28, 120.67, 120.17, 109.61, 

100.50, 68.19, 54.82, 46.62. 
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Supplementary Figure 4. Typical procedures for the synthesis of tetrahydro-γ-carbolines 3. Various substitutions 

are tolerated in this reaction; four stereoisomers are predictably prepared at will by using four available sets of 

catalyst permutations, respectively.  

 

A flame dried Schlenk tube A was cooled to room temperature and filled with N2. To this flask were 

added [Ir(COD)Cl]2 (0.003 mmol, 1.5 mol %), (R,Ra)-Me-THQphos-L9 (0.006 mmol, 3.0 mol %), 

degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL). The reaction mixture was heated at 

50 ºC for 30 min and then the volatile solvents were removed under vacuum to gain a pale yellow 

solid. Meanwhile, Cu(MeCN)4BF4 (0.01 mmol, 5 mol %) and (S,Sp)-
iPr-Phosferrox-L1 (0.011 mmol, 

5.5 mol %) were dissolved in 1.0 mL of CH2Cl2 in a Schlenk tube B, and stirred at room temperature 

for about 30 min. Indole derived allylic carbonates (0.20 mmol), aldimine esters (0.30 mmol), base 

(0.40 mmol DIPEA for glycine derived aldimine esters and 0.40 mmol Cs2CO3 for α-substituted 

aldimine esters) and CH2Cl2 (1.0 mL) were added into the Schlenk tube A and filled with N2. The 

Cu/L1 complex solution was then transferred from the Schlenk tube B to the Schlenk tube A via 

syringe. Finally, the reaction mixture was continuously stirred at room temperature under N2 

atmosphere. 

While the starting material was consumed (monitored by TLC), the reaction mixture was quenched 

by adding 1 M HCl aqueous solution (2.0 mL) and stirring vigorously for 1 min. The organic layers 

were separated, and the aqueous layer was extracted with CH2Cl2 (5.0 mL × 2). The organic layer 

was combined, washed with saturated brine (10 mL) and dried over anhydrous Na2SO4. The organic 

solvent was removed by rotary evaporation to obtain a crude mixture, which was purified by flash 

column chromatography to give the pure product. The dr value was determined by 1H NMR 

spectrum of the product, and the enantiomeric excess was recorded by HPLC analysis in comparison 

with the racemic sample. 

 



 

9 

 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3a): Yield (98%); white solid; m.p. = 70 ºC. []20
D = +52.4 (c 0.5, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.4 Hz, 2H), 7.29-7.23 (m, 3H), 7.15-7.11 (m, 1H), 6.91-6.85 (m, 1H), 

6.82 (d, J = 8.0 Hz, 1H), 6.23 (ddd, J = 17.2, 10.0, 6.4 Hz, 1H), 5.40 (s, 1H), 5.31 (d, J = 10.0 Hz, 1H), 5.12 (d, J = 

17.2 Hz, 1H), 4.21 (d, J = 6.4 Hz, 1H), 3.92 (d, J = 2.4 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 172.75, 142.21, 138.67, 137.22, 133.46, 133.15, 130.00, 128.55, 124.96, 121.23, 119.07, 118.98, 117.75, 

110.02, 108.78, 60.26, 54.15, 52.34, 38.90, 29.24. HRMS (ESI+) Calcd. For C22H22ClN2O2 ([M+H]+): 381.1364, 

found: 381.1360. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak 

AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 15.53 and 18.77 min. 

 

 

Methyl (1S,3R,4S)-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3R,4S-3a): Yield (95%); white solid. []20
D = -50.3 (c 0.7, CH2Cl2). The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 15.53 and 18.77 min. 
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Methyl (1R,3R,4R)-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3R,4R-3a): Yield (92%); white solid; m.p. = 86 ºC. []20
D = +146.3 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.36-7.32 (m, 2H), 7.31-7.25 (m, 2H), 7.17-7.10 (m, 1H), 

6.91-6.84 (m, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.02 (ddd, J = 17.2, 10.0, 7.2 Hz, 1H), 5.32 (d, J = 10.4 

Hz, 1H), 5.22 (s, 1H), 5.17-5.08 (m, 1H), 4.14 (d, J = 3.6 Hz, 1H), 3.99 (dd, J = 6.0, 4.0 Hz, 1H), 

3.79 (s, 3H), 3.64 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.37, 141.19, 137.24, 135.12, 135.02, 

133.42, 130.03, 128.64, 124.51, 121.33, 119.69, 119.24, 119.12, 111.06, 108.79, 60.83, 57.69, 52.12, 

40.02, 28.98. HRMS (ESI+) Calcd. For C22H22ClN2O2 ([M+H]+): 381.1364, found: 381.1369. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 25.07 and 28.05 min. 

 

 

Methyl (1S,3S,4S)-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3S,4S-3a): Yield (96%); white solid. []20
D = -156.0 (c 0.8, CH2Cl2). The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 25.07 and 28.05 min. 

 

 

Methyl (1S,3S,4R)-1-(2-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3b): Yield (82%); white solid; m.p. = 64 ºC. []20
D = +52.3 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.46-7.41 (m, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.23-7.12 (m, 

3H), 7.12-7.05 (m, 1H), 6.89 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.24 (ddd, J = 17.2, 10.0, 



 

11 

6.8 Hz, 1H), 5.96 (s, 1H), 5.30 (d, J = 10.4 Hz, 1H), 5.13 (d, J = 16.8 Hz, 1H), 4.24 (d, J = 6.4 Hz, 

1H), 3.95 (d, J = 1.6 Hz, 1H), 3.74 (s, 3H), 3.68 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.77, 

140.24, 138.63, 137.29, 134.10, 134.02, 130.37, 129.33, 128.72, 127.19, 124.89, 121.21, 119.30, 

118.97, 117.72, 109.32, 108.77, 60.37, 52.35, 50.66, 38.75, 29.29. HRMS (ESI+) Calcd. For 

C22H22ClN2O2 ([M+H]+): 381.1364, found: 381.1366. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 

1.0 mL/min, λ = 234 nm); tr = 9.40 and 10.13 min. 

 

 

Methyl (1R,3S,4R)-5-methyl-1-phenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3c): Yield (99%); white solid; m.p. = 54 ºC. []20
D = -7.3 (c 1.4, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 8.0, 1.6 Hz, 2H), 7.33-7.25 (m, 4H), 7.12 (ddd, 

J = 8.0, 6.4, 1.6 Hz, 1H), 6.89-6.80 (m, 2H), 6.25 (ddd, J = 17.2, 10.0, 6.8 Hz, 1H), 5.41 (s, 1H), 5.31 

(d, J = 10.0 Hz, 1H), 5.14 (d, J = 17.2 Hz, 1H), 4.22 (d, J = 6.4 Hz, 1H), 3.94 (d, J = 2.0 Hz, 1H), 

3.72 (s, 3H), 3.66 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.86, 143.54, 138.77, 137.22, 133.40, 

128.59, 128.40, 127.56, 125.16, 121.08, 119.26, 118.84, 117.72, 110.54, 108.67, 60.36, 54.83, 52.31, 

38.91, 29.23. HRMS (ESI+) Calcd. For C22H23N2O2 ([M+H]+): 347.1754, found: 347.1754. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 13.33 and 15.82 min. 

 

 

Methyl (1S,3R,4S)-5-methyl-1-phenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3R,4S-3c): Yield (98%); white solid. []20
D = +6.9 (c 0.9, CH2Cl2). The 
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product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 13.33 and 15.82 min. 

 

 

Methyl (1R,3R,4R)-5-methyl-1-phenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3R,4R-3c): Yield (96%); white solid; m.p. = 62 ºC. []20
D = +89.2 (c 0.2, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.43-7.38 (m, 2H), 7.34-7.26 (m, 4H), 7.15-7.09 (m, 1H), 

6.87-6.82 (m, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.03 (ddd, J = 17.2, 10.4, 7.2 Hz, 1H), 5.33 (d, J = 10.4 

Hz, 1H), 5.25 (s, 1H), 5.13 (d, J = 17.2 Hz, 1H), 4.17 (d, J = 4.0 Hz, 1H), 4.02-3.98 (m, 1H), 3.78 (s, 

3H), 3.64 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.48, 142.58, 137.22, 135.17, 134.89, 128.62, 

128.47, 127.78, 124.70, 121.19, 119.69, 119.43, 118.98, 111.61, 108.68, 60.91, 58.37, 52.05, 39.99, 

28.95. HRMS (ESI+) Calcd. For C22H23N2O2 ([M+H]+): 347.1754, found: 347.1756. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 29.80 and 34.58 min. 

 

 

Methyl (1S,3S,4S)-5-methyl-1-phenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3S,4S-3c): Yield (94%); white solid. []20
D = -88.9 (c 0.8, CH2Cl2). The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 29.80 and 34.58 min. 
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Methyl (1R,3S,4R)-5-methyl-1-(p-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3d): Yield (82%); white solid; m.p. = 54 ºC. []20
D = +16.8 (c 1.5, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ7.30-7.25 (m, 3H), 7.14-7.08 (m, 3H), 6.89-6.83 (m, 2H), 

6.24 (ddd, J = 16.8, 10.0, 6.8 Hz, 1H), 5.38 (s, 1H), 5.30 (d, J = 10.0 Hz, 1H), 5.13 (d, J = 17.2 Hz, 

1H), 4.21 (d, J = 6.0 Hz, 1H), 3.93 (d, J = 2.0 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 2.32 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 172.89, 140.48, 138.79, 137.21, 137.07, 133.43, 129.07, 128.43, 125.22, 

121.04, 119.34, 118.79, 117.69, 110.67, 108.64, 60.36, 54.45, 52.29, 38.97, 29.23, 21.17. HRMS 

(ESI+) Calcd. For C23H25N2O2 ([M+H]+): 361.1911, found: 361.1910. The product was analyzed by 

HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H plus AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 28.13 and 33.35 min. 

 

 

Methyl (1S,3R,4S)-5-methyl-1-(p-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3R,4S-3d): Yield (78%); white solid. []20
D = -17.4 (c 1.2, CH2Cl2). The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H plus 

AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 28.13 and 33.35 min. 
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Methyl (1R,3R,4R)-5-methyl-1-(p-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3R,4R-3d): Yield (76%); white solid; m.p. = 50 ºC. []20
D = +73.9 (c 1.1, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ7.30-7.26 (m, 3H), 7.14-7.09 (m, 3H), 6.86 (t, J = 7.6 Hz, 

1H), 6.76 (d, J = 8.0 Hz, 1H), 6.01 (ddd, J = 16.8, 10.0, 7.2 Hz, 1H), 5.32 (d, J = 10.0 Hz, 1H), 5.22 

(s, 1H), 5.12 (d, J = 16.8 Hz, 1H), 4.16 (d, J = 3.6 Hz, 1H), 4.02-3.96 (m, 1H), 3.78 (s, 3H), 3.63 (s, 

3H), 2.34 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.52, 139.55, 137.33, 137.18, 135.14, 134.84, 

129.14, 128.44, 124.74, 121.15, 119.68, 119.51, 118.92, 111.71, 108.64, 60.88, 57.93, 52.03, 39.94, 

28.94, 21.18. HRMS (ESI+) Calcd. For C23H25N2O2 ([M+H]+): 361.1911, found: 361.1912. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H plus 

AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 48.58 and 46.05 min. 

 

 

Methyl (1S,3S,4S)-5-methyl-1-(p-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1S,3S,4S-3d): Yield (80%); white solid. []20
D = -72.8 (c 0.9, CH2Cl2). The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H plus 

AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 48.58 and 46.05 min. 
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Methyl (1R,3S,4R)-5-methyl-1-(m-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3e): Yield (85%); white solid; m.p. = 58 ºC. []20
D = +33.6 (c 0.9, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.27 (d, J = 8.4 Hz, 1H), 7.24-7.17 (m, 3H), 7.14-7.09 (m, 

1H), 7.09-7.06 (m, 1H), 6.88-6.83 (m, 2H), 6.25 (ddd, J = 17.2, 10.0, 6.8 Hz, 1H), 5.37 (s, 1H), 5.32 

(d, J = 10.0 Hz, 1H), 5.14 (d, J = 17.2 Hz, 1H), 4.22 (d, J = 6.4 Hz, 1H), 3.94 (d, J = 2.0 Hz, 1H), 

3.72 (s, 3H), 3.66 (s, 3H), 2.30 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.84, 143.39, 138.80, 

137.90, 137.20, 133.36, 129.28, 128.34, 128.23, 125.58, 125.22, 121.03, 119.35, 118.80, 117.71, 

110.56, 108.62, 60.38, 54.83, 52.30, 38.90, 29.21, 21.45. HRMS (ESI+) Calcd. For C23H25N2O2 

([M+H]+): 361.1911, found: 361.1912. The product was analyzed by HPLC to determine the 

enantiomeric excess: 99% ee (Chiralpak AD-H plus AD-H, i-propanol/hexane = 2/98, flow rate 1.0 

mL/min, λ = 234 nm); tr = 21.94 and 23.41 min. 

 

 

Methyl (1R,3S,4R)-5-methyl-1-(o-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3f): Yield (78%); white solid; m.p. = 52 ºC. []20
D = +74.7 (c 0.7, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.28 (d, J = 8.0 Hz, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.18 (dd, 

J = 7.2, 1.2 Hz, 1H), 7.16-7.10 (m, 2H), 7.04 (t, J = 7.2 Hz, 1H), 6.88-6.82 (m, 1H), 6.71 (d, J = 7.6 

Hz, 1H), 6.23 (ddd, J = 17.2, 10.0, 6.8 Hz, 1H), 5.65 (brs, 1H), 5.32-5.27 (m, 1H), 5.13 (d, J = 17.2 

Hz, 1H), 4.22 (d, J = 6.4 Hz, 1H), 3.94 (d, J = 2.0 Hz, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 2.60 (brs, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.76, 140.53, 138.60, 137.19, 133.73, 130.32, 128.64, 127.33, 

126.18, 125.02, 121.07, 119.35, 118.80, 117.80, 110.65, 108.65, 60.50, 52.28, 38.76, 29.25, 19.09. 

HRMS (ESI+) Calcd. For C23H25N2O2 ([M+H]+): 361.1911, found: 361.1914. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H plus AD-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 234 nm); tr = 16.94 and 18.81 min. 
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Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3g): Yield (80%); white solid; m.p. = 84 ºC. []20
D = +125.7 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.37-7.32 (m, 2H), 7.30-7.25 (m, 2H), 7.24 (t, J = 8.0 

Hz, 1H), 7.10 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 6.88-6.81 (m, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.07 (ddd, 

J = 17.2, 10.0, 8.8 Hz, 1H), 5.35 (s, 1H), 5.29 (m, 2H), 4.11 (d, J = 8.8 Hz, 1H), 3.66 (s, 3H), 3.65 (s, 

3H), 1.38 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.12, 142.72, 137.47, 136.83, 135.71, 133.10, 

130.02, 128.56, 124.85, 121.06, 119.03, 118.83, 118.34, 109.09, 108.77, 62.45, 55.24, 52.41, 43.40, 

28.98, 25.27. HRMS (ESI+) Calcd. For C23H24ClN2O2 ([M+H]+): 395.1521, found: 395.1524. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 282 nm); tr = 11.25 and 13.41 min. 

 

 

Methyl (1S,3R,4S)-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1S,3R,4S-3g): Yield (77%); white solid. []20
D = -118.0 (c 0.7, 

CH2Cl2). The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 282 nm); tr = 11.25 and 13.41 

min. 
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Methyl (1R,3R,4R)-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3R,4R-3g): Yield (76%); white solid; m.p. = 46 ºC. []20
D = +252.2 

(c 0.9, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.38-7.33 (m, 2H), 7.32-7.25 (m, 3H), 7.14 (ddd, J = 

8.4, 7.2, 1.2 Hz, 1H), 6.93-6.85 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 5.94 (ddd, J = 17.2, 10.0, 7.2 Hz, 

1H), 5.28-5.22 (m, 1H), 5.17 (s, 1H), 5.11-5.03 (m, 1H), 3.75 (s, 3H), 3.72 (d, J = 6.8 Hz, 1H), 3.63 

(s, 3H), 1.59 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 174.36, 141.15, 137.39, 136.47, 134.56, 133.35, 

130.22, 128.68, 124.55, 121.16, 119.30, 119.06, 119.04, 108.81, 108.77, 63.13, 53.81, 52.18, 45.19, 

28.95, 22.06. HRMS (ESI+) Calcd. For C23H24ClN2O2 ([M+H]+): 395.1521, found: 395.1519. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 6.85 and 8.55 min. 

 

 

Methyl (1S,3S,4S)-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1S,3S,4S-3g): Yield (75%); white solid. []20
D = -268.3 (c 1.0, CH2Cl2). 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 282 nm); tr = 6.85 and 8.55 min. 
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Methyl (1R,3S,4R)-1-(3-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3h): Yield (86%); white solid; m.p. = 56 ºC. []20
D = +124.5 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.42 (s, 1H), 7.32-7.29 (m, 1H), 7.25-7.21 (m, 3H), 

7.10 (ddd, J = 8.0, 6.8, 1.6 Hz, 1H), 6.88-6.83 (m, 1H), 6.83-6.79 (m, 1H), 6.08 (ddd, J = 17.2, 10.0, 

8.8 Hz, 1H), 5.35 (s, 1H), 5.30 (m, 2H), 4.11 (d, J = 8.8 Hz, 1H) 3.66 (s, 3H), 3.64 (s, 3H), 1.38 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 176.06, 146.32, 137.41, 136.77, 135.64, 134.04, 129.63, 128.76, 

127.69, 126.86, 124.80, 121.02, 118.95, 118.83, 118.36, 108.84, 108.75, 62.39, 55.55, 52.38, 43.37, 

28.94, 25.23. HRMS (ESI+) Calcd. For C23H24ClN2O2 ([M+H]+): 395.1521, found: 395.1518. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 234 nm); tr = 10.67 and 12.02 min. 

 

 

Methyl (1S,3S,4R)-1-(2-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3i): Yield (82%); white solid; m.p. = 58 ºC. []20
D = +170.0 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.45-7.39 (m, 1H), 7.26 (d, J = 8.0 Hz, 1H), 

7.21-7.15 (m, 2H), 7.14-7.07 (m, 2H), 6.90-6.83 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.11-5.98 (m, 1H), 

5.93 (s, 1H), 5.29 (s, 1H), 5.28-5.23 (m, 1H), 4.12 (d, J = 8.4 Hz, 1H), 3.68 (s, 3H), 3.67 (s, 3H), 

1.39 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.16, 140.64, 137.44, 136.78, 136.39, 133.78, 130.55, 

129.16, 128.57, 127.26, 124.79, 121.01, 119.26, 118.80, 118.20, 108.75, 108.27, 62.44, 52.34, 51.39, 

43.34, 28.99, 25.12. HRMS (ESI+) Calcd. For C23H24ClN2O2 ([M+H]+): 395.1521, found: 395.1522. 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 
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i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 234 nm); tr = 9.51 and 10.65 min. 

 

 

Methyl (1R,3S,4R)-1-(4-bromophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3j): Yield (79%); white solid; m.p. = 60 ºC. []20
D = +112.9 

(c 0.8, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.45-7.40 (m, 2H), 7.31-7.27 (m, 2H), 7.24 (d, J = 

8.4 Hz, 1H), 7.10 (ddd, J = 8.0, 7.2, 1.2 Hz, 1H), 6.87-6.82 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.06 

(ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 5.34 (s, 1H), 5.32-5.24 (m, 2H), 4.11 (d, J = 8.8 Hz, 1H), 3.66 (s, 

3H), 3.65 (s, 3H), 1.38 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.09, 143.21, 137.42, 136.78, 

135.69, 131.49, 130.38, 124.80, 121.27, 121.05, 119.00, 118.82, 118.35, 108.96, 108.76, 62.41, 

55.26, 52.41, 43.36, 28.96, 25.25. HRMS (ESI+) Calcd. For C23H24BrN2O2 ([M+H]+): 439.1016, 

found: 439.1022. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 234 nm); tr = 5.44 and 6.73 

min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-phenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3k): Yield (93%); white solid; m.p. = 54 ºC. []20
D = +118.2 (c 0.9, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 8.0, 1.6 Hz, 2H), 7.33-7.21 (m, 4H), 7.08 (ddd, 

J = 8.0, 6.4, 1.6 Hz, 1H), 6.85-6.80 (m, 1H), 6.79-6.77 (m, 1H), 6.10 (ddd, J = 17.2, 10.0, 8.8 Hz, 

1H), 5.36 (s, 1H), 5.31-5.25 (m, 2H), 4.12 (d, J = 8.8 Hz, 1H), 3.66 (s, 3H), 3.66 (s, 3H), 1.38 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 176.23, 144.07, 137.44, 136.99, 135.63, 128.64, 128.39, 127.51, 
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125.04, 120.89, 119.19, 118.67, 118.19, 109.59, 108.65, 62.46, 55.91, 52.35, 43.42, 28.95, 25.31. 

HRMS (ESI+) Calcd. For C23H25N2O2 ([M+H]+): 361.1911, found: 361.1914. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 234 nm); tr = 12.05 and 13.98 min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(p-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3l): Yield (84%); white solid; m.p. = 50 ºC. []20
D = +116.5 (c 1.1, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.4 Hz, 1H), 7.12-7.05 

(m, 3H), 6.86-6.79 (m, 2H), 6.08 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 5.33 (s, 1H), 5.30-5.23 (m, 2H), 

4.11 (d, J = 8.8 Hz, 1H), 3.65 (s, 3H), 3.64 (s, 3H), 2.31 (s, 3H), 1.37 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 176.22, 141.02, 137.39, 136.99, 135.62, 129.05, 128.41, 125.05, 120.83, 119.23, 118.59, 

118.10, 109.62, 108.60, 62.42, 55.45, 52.30, 43.40, 28.90, 25.27, 21.14. HRMS (ESI+) Calcd. For 

C24H27N2O2 ([M+H]+): 375.2067, found: 375.2070. The product was analyzed by HPLC to determine 

the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, 

λ = 254 nm); tr = 4.51 and 5.38 min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(m-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3m): Yield (80%); white solid; m.p. = 62 ºC. []20
D = +121.9 (c 1.1, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.26-7.22 (m, 2H), 7.21-7.17 (m, 2H), 7.09 (ddd, J = 8.4, 

6.0, 2.4 Hz, 2H), 6.86-6.78 (m, 2H), 6.10 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 5.32-5.24 (m, 3H), 4.12 
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(d, J = 8.8 Hz, 1H), 3.67 (s, 3H), 3.66 (s, 3H), 2.31 (s, 3H), 1.38 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 176.23, 143.90, 137.88, 137.41, 137.02, 135.63, 129.29, 128.31, 128.26, 125.65, 125.10, 120.84, 

119.29, 118.64, 118.18, 109.59, 108.62, 62.48, 55.89, 52.35, 43.41, 28.95, 25.33, 21.47. HRMS 

(ESI+) Calcd. For C24H27N2O2 ([M+H]+): 375.2067, found: 375.2071. The product was analyzed by 

HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, 

flow rate 0.5 mL/min, λ = 234 nm); tr = 9.55 and 11.24 min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(o-tolyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3n): Yield (84%); white solid; m.p. = 54 ºC. []20
D = +232.7 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.4 Hz, 2H), 7.16 (t, J = 6.8 Hz, 2H), 7.12-7.04 

(m, 2H), 6.82 (t, J = 7.6 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.07 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 

5.64 (brs, 1H), 5.30-5.22 (m, 2H), 4.12 (d, J = 8.8 Hz, 1H), 3.67 (s, 3H), 3.67 (s, 3H), 2.63 (brs, 3H), 

1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.23, 141.15, 137.39, 136.88, 135.98, 135.77, 130.14, 

128.84, 127.22, 126.38, 124.89, 120.86, 119.23, 118.64, 118.15, 109.65, 108.64, 62.46, 52.30, 50.66, 

43.29, 28.99, 25.35, 19.06. HRMS (ESI+) Calcd. For C24H27N2O2 ([M+H]+): 375.2067, found: 

375.2073. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak IC plus IA, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 234 nm); tr = 9.55 and 

11.24 min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(4-methoxyphenyl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 
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[4,3-b]indole-3-carboxylate (1R,3S,4R-3o): Yield (88%); white solid; m.p. = 58 ºC. []20
D = +91.8 

(c 0.9, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35-7.32 (m, 1H), 7.32-7.30 (m, 1H), 7.23 (d, J = 

8.8 Hz, 1H), 7.09 (ddd, J = 8.4, 6.4, 2.0 Hz, 1H), 6.86-6.78 (m, 4H), 6.08 (ddd, J = 17.2, 10.0, 8.4 Hz, 

1H), 5.32 (d, J = 0.8 Hz, 1H), 5.31-5.23 (m, 2H), 4.11 (d, J = 8.4 Hz, 1H), 3.77 (s, 3H), 3.65 (s, 3H), 

3.65 (s, 3H), 1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.23, 158.88, 137.40, 137.00, 136.26, 

135.58, 129.60, 125.06, 120.85, 119.25, 118.61, 118.14, 113.71, 109.80, 108.62, 62.44, 55.16, 55.12, 

52.32, 43.36, 28.93, 25.30. HRMS (ESI+) Calcd. For C24H27N2O3 ([M+H]+): 391.2016, found: 

391.2021. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 234 nm); tr = 22.14 and 26.23 

min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(naphthalen-2-yl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3p): Yield (75%); white solid; m.p. =136 ºC. []20
D = -10.2 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.88-7.83 (m, 1H), 7.81-7.77 (m, 1H), 

7.72 (d, J = 8.4 Hz, 1H), 7.50-7.41 (m, 3H), 7.23 (d, J = 8.4 Hz, 1H), 7.06 (ddd, J = 8.0, 6.4, 1.6 Hz, 

1H), 6.79-6.70 (m, 2H), 6.16 (ddd, J = 16.4, 10.8, 8.8 Hz, 1H), 5.54 (s, 1H), 5.34 (s, 1H), 5.33-5.28 

(m, 1H), 4.16 (d, J = 8.4 Hz, 1H), 3.68 (s, 6H), 1.40 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.27, 

141.58, 137.44, 137.01, 135.71, 133.30, 133.15, 128.36, 127.86, 127.67, 127.28, 126.67, 125.77, 

125.61, 125.05, 120.93, 119.15, 118.73, 118.22, 109.31, 108.65, 62.46, 56.08, 52.41, 43.51, 29.00, 

25.34. HRMS (ESI+) Calcd. For C27H27N2O2 ([M+H]+): 411.2067, found: 411.2071. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.54 and 6.78 min. 
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Methyl (1R,3S,4R)-3,5-dimethyl-1-(furan-2-yl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3q): Yield (83%); white solid; m.p. = 52 ºC. []20
D = +258.9 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.34 (dd, J = 1.6, 0.8 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 

7.16-7.09 (m, 2H), 6.97-6.91 (m, 1H), 6.34-6.27 (m, 2H), 6.05 (ddd, J = 17.2, 10.0, 8.4 Hz, 1H), 5.58 

(s, 1H), 5.29 (dd, J = 11.6, 0.8 Hz, 1H), 5.23 (d, J = 17.2 Hz, 1H), 4.10 (d, J = 8.4 Hz, 1H), 3.64 (s, 

3H), 3.63 (s, 3H), 1.41 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 175.96, 156.06, 142.07, 137.33, 

136.10, 135.63, 124.93, 121.09, 118.94, 118.88, 118.81, 109.95, 108.79, 107.19, 106.94, 62.33, 

52.42, 48.84, 43.10, 28.91, 25.13. HRMS (ESI+) Calcd. For C21H23N2O3 ([M+H]+): 351.1703, found: 

351.1698. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 234 nm); tr = 5.78 and 6.61 

min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-(thiophen-2-yl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3r): Yield (84%); white solid; m.p. = 56 ºC. []20
D = +209.8 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.25-7.21 (m, 2H), 7.19 (d, J = 5.2 Hz, 1H), 7.14-7.09 (m, 

1H), 7.05 (d, J = 8.0 Hz, 1H), 6.95 (dd, J = 5.2, 3.6 Hz, 1H), 6.90 (t, J = 7.2 Hz, 1H), 6.09 (ddd, J = 

17.2, 10.0, 8.8 Hz, 1H), 5.77 (s, 1H), 5.30 (dd, J = 10.0, 1.2 Hz, 1H), 5.28-5.23 (m, 1H), 4.08 (d, J = 

8.8 Hz, 1H), 3.64 (s, 3H), 3.63 (s, 3H), 1.39 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.10, 149.42, 

137.39, 136.45, 135.16, 125.83, 125.25, 125.18, 125.07, 121.03, 118.92, 118.84, 118.50, 109.50, 

108.76, 62.50, 52.40, 50.80, 43.42, 28.91, 25.11. HRMS (ESI+) Calcd. For C21H23N2O2S ([M+H]+): 

367.1475, found: 367.1473. The product was analyzed by HPLC to determine the enantiomeric 
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excess: 99% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 234 nm); tr = 

5.86 and 6.84 min. 

 

 

Methyl (1R,3S,4R)-3,5-dimethyl-1-((E)-styryl)-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3s): Yield (89%); white solid; m.p. = 62 ºC. []20
D = +219.8 (c 1.0, 

CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 7.2 Hz, 2H), 7.31-7.18 

(m, 4H), 7.17-7.12 (m, 1H), 6.99-6.94 (m, 1H), 6.87 (d, J = 15.6 Hz, 1H), 6.25 (dd, J = 15.6, 8.4 Hz, 

1H), 6.00 (ddd, J = 17.2, 10.0, 8.4 Hz, 1H), 5.28 (dd, J = 10.0, 1.6 Hz, 1H), 5.19 (d, J = 17.2 Hz, 1H), 

5.01 (d, J = 8.4 Hz, 1H), 4.07 (d, J = 8.8 Hz, 1H), 3.63 (s, 3H), 3.62 (s, 3H), 1.40 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 176.22, 137.40, 136.93, 136.42, 134.97, 132.95, 131.47, 128.41, 127.38, 

126.53, 125.28, 121.01, 119.18, 118.83, 118.45, 108.75, 108.21, 61.93, 54.08, 52.33, 43.19, 28.92, 

25.16. HRMS (ESI+) Calcd. For C25H27ClN2O2 ([M+H]+): 387.2067, found: 387.2072. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.08 and 5.98 min. 

 

 

Methyl (1R,3S,4R)-1-butyl-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b] 

indole-3-carboxylate (1R,3S,4R-3t): Yield (83%); yellow oil; []20
D = +387.818 (c 1.1, CH2Cl2); 

1H 

NMR (400 MHz, CDCl3) δ 7.51 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 7.19-7.13 (m, 1H), 

7.08-7.01 (m, 1H), 5.95 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 5.23 (dd, J = 10.0, 1.6 Hz, 1H), 5.15 (d, J 

= 17.2 Hz, 1H), 4.42 (dd, J = 8.0, 1.6 Hz, 1H), 4.01 (d, J = 8.4 Hz, 1H), 3.60 (s, 3H), 3.55 (s, 3H), 
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2.12-2.03 (m, 1H), 1.82-1.71 (m, 1H), 1.50-1.38 (m, 2H), 1.37 (s, 3H), 1.34-1.25 (m, 2H), 0.90 (t, J 

= 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 176.43, 137.46, 136.77, 135.28, 125.01, 120.72, 

119.03, 118.53, 118.14, 110.24, 108.84, 61.96, 52.15, 50.26, 43.51, 36.34, 28.81, 27.24, 25.26, 22.98, 

14.11. HRMS (ESI+) Calcd. For C21H29N2O2 ([M+H]+): 341.2224, found: 341.2223. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak ID, 

i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 254 nm); tr = 9.14 and 9.70 min. 

 

 

tert-butyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3u): Yield (87%); white solid; m.p. = 48 ºC. []20
D = +97.2 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.36-7.31 (m, 2H), 7.29-7.25 (m, 2H), 7.23 (d, J = 

8.4 Hz, 1H), 7.09 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 6.87-6.80 (m, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.07 

(ddd, J = 17.2, 10.0, 8.4 Hz, 1H), 5.35 (s, 1H), 5.30-5.21 (m, 2H), 4.03 (d, J = 8.4 Hz, 1H), 3.66 (s, 

3H), 1.35 (s, 3H), 1.30 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 174.65, 142.89, 137.36, 137.23, 

136.24, 132.98, 129.95, 128.52, 124.89, 120.86, 118.88, 118.71, 117.93, 108.83, 108.61, 81.22, 

62.67, 55.31, 43.45, 28.82, 27.89, 24.76. HRMS (ESI+) Calcd. For C26H30ClN2O2 ([M+H]+): 

437.1990, found: 437.1997. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak OD-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 238 nm); tr = 

9.26 and 10.47 min. 

 

 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3-ethyl-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 
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[4,3-b]indole-3-carboxylate (1R,3S,4R-3v): Yield (85%); white solid; m.p. = 78 ºC. []20
D = +96.9 

(c 1.3, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 

7.23 (d, J = 8.4 Hz, 1H), 7.12-7.05 (m, 1H), 6.84 (t, J = 7.2 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.06 

(ddd, J = 17.2, 10.0, 9.2 Hz, 1H), 5.35-5.21 (m, 3H), 4.15 (d, J = 8.8 Hz, 1H), 3.67 (s, 3H), 3.63 (s, 

3H), 1.83 (dq, J = 14.8, 7.6 Hz, 1H), 1.64 (dq, J = 14.8, 7.6 Hz, 1H), 0.91 (t, J = 7.6 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 174.84, 142.79, 137.46, 136.72, 135.74, 133.05, 130.03, 128.51, 124.83, 

120.97, 118.93, 118.78, 117.82, 109.26, 108.75, 66.37, 55.29, 52.04, 41.77, 30.69, 28.96, 7.72. 

HRMS (ESI+) Calcd. For C24H26ClN2O2 ([M+H]+): 409.1677, found: 409.1682. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 236 nm); tr = 4.75 and 5.49 min. 

 

 

Methyl (1R,3S,4R)-3-benzyl-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3w): Yield (86%); white solid; m.p. = 74 ºC. []20
D = +11.2 

(c 1.1, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.4 Hz, 2H), 7.29-7.20 (m, 6H), 

7.11-7.05 (m, 3H), 6.87-6.77 (m, 2H), 6.23 (dt, J = 17.2, 9.6 Hz, 1H), 5.41 (d, J = 9.2 Hz, 1H), 5.37 

(s, 1H), 5.31 (s, 1H), 4.22 (d, J = 9.2 Hz, 1H), 3.65 (s, 3H), 3.43 (s, 3H), 3.08 (d, J = 13.2 Hz, 1H), 

2.94 (d, J = 13.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 174.32, 143.15, 137.49, 137.16, 135.58, 

135.10, 132.92, 130.13, 129.68, 128.44, 128.39, 127.17, 124.83, 121.10, 118.97, 118.81, 118.40, 

109.50, 108.76, 66.95, 55.16, 51.71, 44.51, 43.96, 28.98. HRMS (ESI+) Calcd. For C29H28ClN2O2 

([M+H]+): 471.1834, found: 471.1830. The product was analyzed by HPLC to determine the 

enantiomeric excess: 99% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 236 

nm); tr = 7.40 and 8.79 min. 
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Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3-(3-methoxy-3-oxopropyl)-5-methyl-4-vinyl-2,3,4,5- 

tetrahydro-1H-pyrido[4,3-b]indole-3-carboxylate (1R,3S,4R-3x): Yield (82%); white solid; m.p. = 

76 ºC. []20
D = +100.2 (c 0.9, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.37-7.32 (m, 2H), 7.30-7.25 

(m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 7.13-7.07 (m, 1H), 6.88-6.81 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 

6.07 (ddd, J = 17.2, 10.0, 9.2 Hz, 1H), 5.33 (m, 3H), 4.13 (d, J = 8.8 Hz, 1H), 3.66 (s, 3H), 3.66 (s, 

3H), 3.63 (s, 3H), 2.50-2.40 (m, 1H), 2.39-2.30 (m, 1H), 2.16-2.08 (m, 1H), 2.03-1.94 (m, 1H). 13C 

NMR (101 MHz, CDCl3) δ 174.30, 172.91, 142.49, 137.49, 136.36, 135.14, 133.16, 130.01, 128.55, 

124.74, 121.16, 119.01, 118.88, 118.43, 109.25, 108.79, 65.03, 55.16, 52.36, 51.78, 42.25, 32.34, 

28.98, 28.14. HRMS (ESI+) Calcd. For C26H28ClN2O4 ([M+H]+): 467.1732, found: 467.1734. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 236 nm); tr = 13.91 and 16.61 min. 

 

 

(1'R,3S,4'R)-1'-(4-chlorophenyl)-5'-Methyl-4'-vinyl-1',2',4,4',5,5'-hexahydro-2H-spiro 

[furan-3,3'-pyrido[4,3-b]indol]-2-one (1R,3S,4R-3y): Yield (81%); white solid; m.p. = 60 ºC. []20
D 

= +58.3 (c 1.2, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.37-7.31 (m, 2H), 7.31-7.27 (m, 2H), 7.26 

(d, J = 8.4 Hz, 1H), 7.14-7.07 (m, 1H), 6.89-6.81 (m, 1H), 6.69 (d, J = 8.0 Hz, 1H), 6.03 (ddd, J = 

17.6, 10.0, 8.0 Hz, 1H), 5.35 (dd, J = 10.0, 0.8 Hz, 1H), 5.25 (s, 1H), 5.19 (d, J = 13.2 Hz, 1H), 4.40 

(td, J = 9.6, 6.0 Hz, 1H), 4.29 (td, J = 8.4, 2.4 Hz, 1H), 3.62 (s, 3H), 3.56 (d, J = 7.6 Hz, 1H), 2.46 

(ddd, J = 13.6, 9.6, 8.4 Hz, 1H), 1.98 (ddd, J = 13.6, 6.0, 2.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

174.88, 141.15, 137.38, 135.68, 133.53, 133.40, 130.17, 128.74, 124.59, 121.07, 119.39, 119.31, 
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118.94, 109.70, 108.78, 64.88, 60.68, 55.03, 41.42, 36.21, 29.24. HRMS (ESI+) Calcd. For 

C23H22ClN2O2 ([M+H]+): 393.1364, found: 393.1358. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol/hexane = 8/92, flow rate 1.0 

mL/min, λ = 254 nm); tr = 28.69 and 34.54 min. 

 

 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-5,8-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3z): Yield (92%); white solid; m.p. = 48 ºC. []20
D = +97.1 

(c 1.2, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.36-7.32 (m, 2H), 7.29-7.24 (m, 2H), 7.16 (d, J = 

8.4 Hz, 1H), 6.96 (dd, J = 8.4, 1.2 Hz, 1H), 6.62 (s, 1H), 6.21 (ddd, J = 17.2, 10.0, 6.8 Hz, 1H), 5.38 

(s, 1H), 5.30 (d, J = 10.0 Hz, 1H), 5.11 (d, J = 17.2 Hz, 1H), 4.18 (dd, J = 6.8, 1.2 Hz, 1H), 3.89 (d, J 

= 2.4 Hz, 1H), 3.70 (s, 3H), 3.63 (s, 3H), 2.26 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.72, 142.25, 

138.65, 135.64, 133.55, 133.06, 129.95, 128.53, 128.24, 125.16, 122.77, 118.69, 117.73, 109.38, 

108.49, 60.16, 54.12, 52.29, 39.03, 29.28, 21.32. HRMS (ESI+) Calcd. For C23H24ClN2O2 ([M+H]+): 

395.1521, found: 395.1515. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 226 nm); tr = 

10.57 and 14.27 min. 

 

 

Methyl (1R,3S,4R)-8-chloro-1-(4-chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3A): Yield (96%); white solid; m.p. = 56 ºC. []20
D = +54.3 

(c 1.1, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.34-7.31 (m, 2H), 7.30-7.27 (m, 2H), 7.17 (d, J = 
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8.4 Hz, 1H), 7.07 (dd, J = 8.8, 2.0 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 6.22 (ddd, J = 16.8, 10.4, 6.4 Hz, 

1H), 5.33 (d, J = 10.4 Hz, 2H), 5.12 (d, J = 16.8 Hz, 1H), 4.19 (d, J = 6.4 Hz, 1H), 3.91 (d, J = 2.0 

Hz, 1H), 3.72 (s, 3H), 3.64 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.66, 141.71, 138.33, 135.68, 

134.95, 133.41, 129.85, 128.72, 125.91, 124.73, 121.48, 118.36, 117.94, 109.81, 109.76, 60.14, 

53.97, 52.39, 39.01, 29.45. HRMS (ESI+) Calcd. For C22H21Cl2N2O2 ([M+H]+): 415.0975, found: 

415.0977. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 17.37 and 30.53 

min. 

 

 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5,9-trimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3B): Yield (85%); white solid; m.p. = 78 ºC. []20
D = +131.0 

(c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.28-7.21 (m, 2H), 7.20-7.16 (m, 2H), 7.11 (d, J = 

8.0 Hz, 1H), 7.05-7.00 (m, 1H), 6.66 (d, J = 7.2 Hz, 1H), 6.01 (ddd, J = 17.2, 10.0, 8.4 Hz, 1H), 5.68 

(s, 1H), 5.23-5.31 (m, 2H), 4.09 (d, J = 8.4 Hz, 1H), 3.65 (s, 3H), 3.62 (s, 3H), 1.88 (s, 3H), 1.34 (s, 

3H). 13C NMR (101 MHz, CDCl3) δ 175.90, 145.14, 137.86, 136.45, 136.37, 132.89, 130.38, 129.40, 

128.74, 124.54, 121.45, 120.64, 118.64, 108.70, 106.46, 62.31, 55.89, 52.39, 43.89, 28.93, 24.95, 

21.06. HRMS (ESI+) Calcd. For C24H26ClN2O2 ([M+H]+): 409.1677, found: 409.1679. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 5.24 and 6.64 min. 
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Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5,8-trimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3C): Yield (84%); white solid; m.p. = 74 ºC. []20
D = +141.3 

(c 0.9, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 

7.12 (d, J = 8.4 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.56 (s, 1H), 6.13-5.99 (m, 1H), 5.33 (s, 1H), 

5.31-5.20 (m, 2H), 4.08 (d, J = 8.4 Hz, 1H), 3.63 (s, 3H), 3.62 (s, 3H), 2.24 (s, 3H), 1.36 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 176.07, 142.84, 136.84, 135.88, 135.79, 133.00, 129.97, 128.54, 128.03, 

125.04, 122.57, 118.67, 118.24, 108.46, 108.43, 62.42, 55.21, 52.33, 43.42, 28.95, 25.22, 21.32. 

HRMS (ESI+) Calcd. For C24H26ClN2O2 ([M+H]+): 409.1677, found: 409.1682. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 4.53 and 5.32 min. 

 

 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5,7-trimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3D): Yield (88%); white solid; m.p. = 70 ºC. []20
D = +113.3 

(c 1.3, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.38-7.31 (m, 2H), 7.30-7.23 (m, 2H), 7.04 (s, 1H), 

6.72-6.62 (m, 2H), 6.06 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H), 5.34 (s, 1H), 5.32-5.21 (m, 2H), 4.09 (d, J 

= 8.8 Hz, 1H), 3.64 (s, 3H), 3.62 (s, 3H), 2.41 (s, 3H), 1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

176.12, 142.81, 137.87, 136.92, 135.09, 133.03, 130.93, 129.99, 128.53, 122.69, 120.44, 118.65, 

118.22, 108.94, 108.91, 62.45, 55.21, 52.36, 43.36, 28.88, 25.26, 21.76. HRMS (ESI+) Calcd. For 

C24H26ClN2O2 ([M+H]+): 409.1677, found: 409.1676. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 

mL/min, λ = 238 nm); tr = 4.66 and 5.71 min. 
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Methyl (1R,3S,4R)-1-(4-chlorophenyl)-3,5,7-trimethyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3E): Yield (95%); white solid; m.p. = 72 ºC. []20
D = +40.9 

(c 0.9, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 

6.78 (d, J = 6.8 Hz, 1H), 6.69 (t, J = 7.6 Hz, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.06 (ddd, J = 17.2, 10.0, 

8.4 Hz, 1H), 5.35-5.21 (m, 3H), 4.08 (d, J = 8.4 Hz, 1H), 3.92 (s, 3H), 3.65 (s, 3H), 2.73 (s, 3H), 

1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.09, 142.76, 136.84, 136.29, 136.19, 133.03, 130.01, 

128.54, 125.62, 124.26, 120.73, 118.91, 118.40, 117.12, 109.10, 62.53, 55.15, 52.37, 43.39, 32.04, 

25.28, 20.34. HRMS (ESI+) Calcd. For C24H26ClN2O2 ([M+H]+): 409.1677, found: 409.1677. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 238 nm); tr = 5.24 and 6.13 min. 

 

 

Methyl (1R,3S,4R)-8-chloro-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H- 

pyrido[4,3-b]indole-3-carboxylate (1R,3S,4R-3F): Yield (93%); white solid; m.p. = 54 ºC. []20
D = 

+181.9 (c 1.2, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35-7.30 (m, 2H), 7.30-7.26 (m, 2H), 7.14 (d, 

J = 8.8 Hz, 1H), 7.04 (dd, J = 8.8, 2.0 Hz, 1H), 6.73 (d, J = 2.0 Hz, 1H), 6.06 (ddd, J = 17.2, 10.0, 

8.8 Hz, 1H), 5.32 (dd, J = 10.0, 1.2 Hz, 1H), 5.29-5.24 (m, 2H), 4.09 (d, J = 8.8 Hz, 1H), 3.65 (s, 

3H), 3.64 (s, 3H), 1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 176.00, 142.22, 137.18, 136.48, 

135.90, 133.35, 129.86, 128.72, 125.79, 124.56, 121.30, 118.62, 118.30, 109.78, 108.81, 62.40, 

55.05, 52.43, 43.54, 29.14, 25.11. HRMS (ESI+) Calcd. For C23H23Cl2N2O2 ([M+H]+): 429.1131, 

found: 429.1132. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 
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(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 248 nm); tr = 5.82 and 7.05 

min. 

 

 

Methyl (1R,3S,4R)-8-bromo-1-(4-chlorophenyl)-3,5-dimethyl-4-vinyl-2,3,4,5-tetrahydro-1H- 

pyrido[4,3-b]indole-3-carboxylate (1R,3S,4R-3G): Yield (80%); white solid; m.p. = 68 ºC. []20
D = 

+395.6 (c 0.9, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35-7.30 (m, 2H), 7.30-7.26 (m, 2H), 7.16 

(dd, J = 8.8, 2.0 Hz, 1H), 7.09 (d, J = 8.8 Hz, 1H), 6.89 (d, J = 2.0 Hz, 1H), 6.05 (ddd, J = 17.2, 10.0, 

8.8 Hz, 1H), 5.32 (dd, J = 10.0, 1.6 Hz, 1H), 5.30-5.23 (m, 2H), 4.09 (d, J = 8.7 Hz, 1H), 3.65 (s, 

3H), 3.63 (s, 3H), 1.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 175.96, 142.19, 137.04, 136.43, 

136.15, 133.33, 129.83, 128.70, 126.44, 123.86, 121.32, 118.64, 112.15, 110.25, 108.72, 62.38, 

55.01, 52.42, 43.50, 29.11, 25.08. HRMS (ESI+) Calcd. For C23H23BrClN2O2 ([M+H]+): 473.0626, 

found: 473.0625. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 246 nm); tr = 5.81 and 7.19 

min. 

 

 

Methyl (1R,3S,4R)-5-benzyl-1-(4-chlorophenyl)-3-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-3H): Yield (95%); white solid; m.p. = 52 ºC. []20
D = +131.3 

(c 1.1, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.41-7.35 (m, 2H), 7.32-7.26 (m, 4H), 7.26-7.24 (m, 

1H), 7.12 (d, J = 8.0 Hz, 1H), 7.05-7.00 (m, 3H), 6.88-6.80 (m, 2H), 6.09 (ddd, J = 17.2, 10.0, 8.8 

Hz, 1H), 5.43 (d, J = 0.8 Hz, 1H), 5.34-5.21 (m, 4H), 4.02 (d, J = 8.8 Hz, 1H), 3.50 (s, 3H), 1.32 (s, 
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3H). 13C NMR (101 MHz, CDCl3) δ 175.89, 142.69, 137.83, 137.16, 137.08, 135.40, 133.14, 130.07, 

128.61, 128.58, 127.20, 126.24, 125.12, 121.44, 119.20, 119.17, 118.47, 109.80, 109.45, 62.36, 

55.16, 52.10, 46.10, 43.50, 25.14. HRMS (ESI+) Calcd. For C29H28ClN2O2 ([M+H]+): 471.1834, 

found: 471.1841. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak AS-H, i-propanol/hexane = 2/98, flow rate 0.5 mL/min, λ = 228 nm); tr = 10.25 and 12.71 

min. 
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Supplementary Figure 5. Derivatization 1. Cyclopropanation of (1R,3S,4R)-3a for the synthesis of (1R,3S,4R)-45. 

 

Fresh prepared diazomethane solution (0.5 M in Et2O, 2 mL) and (1R,3S,4R)-3a (76.2 mg, 0.2 mmol) 

were added into a Schlenk tube. Under a positive nitrogen pressure, the reaction was cooled to 

-20 °C, and Pd(OAc)2 (1.5 mg, 1 mol %) was added in one portion with gas evolution. After stirring 

for 1 hour in -20 °C, the reaction was moved to room temperature and stirred overnight. While the 

reaction was partly completed, the solvent was removed under reduced pressure and the residue was 

purified by a flash column chromatography (PE/EA = 6/1) to afford the product (1R,3S,4R)-4. 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-4-cyclopropyl-5-methyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-4): Yield (94%); white solid; m.p. = 62 ºC. []20
D = +11.8 (c 

1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.4 Hz, 2H), 7.29-7.25 (m, 3H), 7.12 (t, J = 

7.2 Hz, 1H), 6.86 (t, J = 7.2 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 5.44 (s, 1H), 4.12 (d, J = 1.2 Hz, 1H), 

3.75 (s, 3H), 3.65 (s, 3H), 2.87 (d, J = 9.2 Hz, 1H), 2.27 (brs, 1H), 1.46-1.38 (m, 1H), 0.83-0.72 (m, 

2H), 0.71-0.62 (m, 1H), 0.37 (td, J = 10.0, 5.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 173.33, 

142.79, 137.33, 136.37, 133.08, 129.99, 128.58, 125.05, 121.13, 119.02, 118.93, 109.04, 108.85, 

61.48, 54.47, 52.16, 38.96, 30.09, 17.27, 6.75, 3.77. HRMS (ESI+) Calcd. For C23H24ClN2O2 

([M+H]+): 395.1521, found: 395.1513. The product was analyzed by HPLC to determine the 

enantiomeric excess: 98% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 

282 nm); tr = 16.28 and 21.08 min. 
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Supplementary Figure 6. Derivatization 2. Hydrogenation of (1R,3S,4R)-3a for the synthesis of (1R,3S,4R)-56. 

 

Pd/C (21.0 mg, palladium on activated carbon, 10% Pd basis, 1 mol %) was added to a solution of 

(1R,3S,4R)-3a (76.2 mg, 0.2 mmol) in anhydrous MeOH (4 mL). The reaction mixture was stirred 

under H2 atmosphere (1 atm) at room temperature for 6 hours. After the reaction was completed 

(monitored by TLC), the crude reaction mixture was filtrated with celite and washed with MeOH. 

The solvent was removed under reduced pressure, then the residue was purified by a flash column 

chromatography (PE/EA = 6/1) to afford the product (1R,3S,4R)-5. 

Methyl (1R,3S,4R)-1-(4-chlorophenyl)-4-ethyl-5-methyl-2,3,4,5-tetrahydro-1H-pyrido 

[4,3-b]indole-3-carboxylate (1R,3S,4R-5): Yield (98%); white solid; m.p. = 58 ºC. []20
D = -30.6 (c 

0.8, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.24 

(s, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.85 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 5.41 (s, 1H), 3.97 

(s, 1H), 3.70 (s, 3H), 3.68 (s, 3H), 3.37 (d, J = 9.2 Hz, 1H), 2.09-2.01 (m, 1H), 1.94-1.85 (m, 1H), 

1.16 (t, J = 7.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 173.98, 142.89, 137.20, 136.94, 133.03, 

129.99, 128.52, 125.06, 120.95, 118.91, 118.90, 108.84, 108.71, 57.47, 54.27, 52.18, 36.02, 29.19, 

27.32, 12.53. HRMS (ESI+) Calcd. For C22H23ClN2O2 ([M+H]+): 383.1521, found: 383.1506. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 9.86 and 10.79 min. 

 

 

Supplementary Figure 7. Derivatization 3. Reduction of (1R,3S,4R)-3a for the synthesis of (1R,3S,4R)-6. 

 

Under nitrogen atmosphere, to a solution of (1R,3S,4R)-3a (76.2 mg, 0.2 mmol) in anhydrous THF 

(2 mL) was added DIBAL-H (1.5 M, 0.4 mL, 0.6 mmol) dropwise at -40 ºC. After stirring at -40 ºC 

for 5 min, the reaction was then moved into room temperature and continuously stirred until 



 

36 

complete consumption of starting material (detected by TLC). The reaction mixture was quenched 

with H2O, extracted with EA (× 3) and filtered through celite to remove the colloid. The organic 

layer was combined, washed with brine, dried over Na2SO4 before evaporation. Then the residue was 

purified by a flash column chromatography (pure EA) to afford the product (1R,3S,4R)-6. 

((1R,3S,4R)-1-(4-Chlorophenyl)-5-methyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-3-yl

)methanol (1R,3S,4R-6): Yield (97%); white solid; m.p. = 52 ºC. []20
D = +113.0 (c 1.4, CH2Cl2); 

1H 

NMR (400 MHz, CDCl3) δ 7.31-7.23 (m, 5H), 7.20-7.14 (m, 1H), 6.98-6.90 (m, 2H), 5.95 (ddd, J = 

17.2, 10.0, 7.2 Hz, 1H), 5.28 (d, J = 10.0 Hz, 1H), 5.24 (s, 1H), 5.06 (d, J = 17.2 Hz, 1H), 3.70-3.64 

(m, 2H), 3.60 (s, 3H), 3.47-3.40 (m, 1H), 3.13-3.04 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 141.19, 

138.60, 137.20, 134.88, 133.16, 129.85, 128.57, 124.98, 121.30, 119.16, 118.91, 118.16, 109.94, 

108.82, 62.19, 57.23, 52.94, 39.12, 29.71. HRMS (ESI+) Calcd. For C29H28ClN2O2 ([M+H]+): 

353.1415, found: 353.1400. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak AD-H, i-propanol/hexane = 15/85, flow rate 1.0 mL/min, λ = 282 nm); tr 

= 12.37 and 17.49 min. 

 

 

Supplementary Figure 8. Derivatization 4. Hydroboration of (1R,3S,4R)-3a for the synthesis of (1R,3S,4R)-77. 

 

To a solution of [Ir(COD)Cl]2 (4.0 mg, 3 mol %) and bis(diphenylphosphino)methane (DPPM, 4.6 

mg, 6 mol %) in anhydrous DCM (2 mL) was added (1R,3S,4R)-3a (76.2 g, 0.2 mmol) in one portion 

under a positive argon pressure. Then 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (HBpin, 58 µL, 0.4 

mmol) was added at room temperature and the resulting solution was stirred overnight. The reaction 

mixture was quenched with MeOH (1 mL) and concentrated under reduced pressure. The residue 

was purified by silica-gel flash column chromatography (PE/EA = 3/1, with 1% MeOH) to afford the 

product (1R,3S,4R)-7. 
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Methyl (1R,3S,4R)-1-(4-chlorophenyl)-5-methyl-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan 

-2-yl)ethyl)-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole-3-carboxylate (1R,3S,4R-7): Yield (86%); 

white solid; m.p. = 68 ºC. []20
D = -32.3 (c 0.9, CH2Cl2); 

1H NMR (400 MHz, CDCl3)
 δ 7.38-7.33 (m, 

2H), 7.28-7.25 (m, 2H), 7.24 (d, J = 8.0 Hz, 1H), 7.09 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 6.84 (ddd, J = 

8.0, 6.8, 1.2 Hz, 1H), 6.74 (dt, J = 8.0, 0.8 Hz, 1H), 5.41 (d, J = 1.2 Hz, 1H), 3.99 (d, J = 2.0 Hz, 1H), 

3.75 (s, 3H), 3.66 (s, 3H), 3.45 (ddd, J = 8.8, 3.6, 1.6 Hz, 1H), 2.12-2.04 (m, 1H), 2.03-1.96 (m, 1H), 

1.27 (s, 12H). 13C NMR (101 MHz, CDCl3) δ 174.02, 142.89, 137.22, 137.07, 132.99, 130.04, 

128.50, 125.05, 120.86, 118.88, 118.82, 108.74, 108.68, 83.26, 57.10, 54.26, 52.10, 36.07, 29.16, 

28.32, 24.94, 24.79. HRMS (ESI+) Calcd. For C28H35BClN2O4 ([M+H]+): 509.2373, found: 

509.2381. The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee 

(Chiralpak OD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 228 nm); tr = 9.62 and 15.53 

min. 
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Supplementary Figure 9. Mechanism validation 1. Standard reaction of ketoimine ester 8 to synthesize (2R,3S)-9. 

 

A flame dried Schlenk tube A was cooled to room temperature and filled with N2. To this flask were 

added [Ir(COD)Cl]2 (0.003 mmol, 1.5 mol %), (S,Sa)-Me-THQphos-L9 (0.006 mmol, 3.0 mol %), 

degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL). The reaction mixture was heated at 

50 ºC for 30 min and then the volatile solvents were removed under vacuum to gain a pale yellow 

solid. Meanwhile, Cu(MeCN)4BF4 (0.01 mmol, 5 mol %) and (R,Rp)-
iPr-Phosferrox-L1 (0.011 mmol, 

5.5 mol %) were dissolved in 1.0 mL of CH2Cl2 in a Schlenk tube B, and stirred at room temperature 

for about 30 min. Substrate 2a (0.20 mmol), ketoimine esters 8 (0.30 mmol), CH2Cl2 (1.0 mL) and 

Cs2CO3 (0.40 mmol) were added into the Schlenk tube A and filled with N2. The Cu/L1 complex 

solution was then transferred from the Schlenk tube B to the Schlenk tube A via syringe. Finally, the 

reaction mixture was continuously stirred at room temperature under N2 atmosphere. While the 

starting material was consumed (monitored by TLC), the solvent was removed by rotary evaporation 

to obtain a crude mixture, which was purified by flash column chromatography (PE/EA = 8/1) to 

give the product (2R,3S)-9. 

Methyl (2R,3S)-2-((diphenylmethylene)amino)-3-(1-methyl-1H-indol-2-yl)pent- 

4-enoate (2R,3S-9): Yield (99%); white solid; m.p. = 52 ºC. []20
D = +2.0 (c 0.4, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 7.53-7.46 (m, 3H), 7.41-7.27 (m, 4H), 7.25-7.19 (m, 3H), 7.12 (t, J = 7.6 Hz, 

1H), 7.04 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 6.0 Hz, 2H), 6.24 (s, 1H), 5.89 (ddd, J = 17.6, 10.0, 8.4 Hz, 

1H), 5.12 (d, J = 8.4 Hz, 1H), 5.08 (s, 1H), 4.55 (d, J = 8.4 Hz, 1H), 4.44 (t, J = 8.4 Hz, 1H), 3.69 (s, 

3H), 3.67 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.39, 171.21, 139.19, 138.71, 137.02, 136.22, 

135.62, 130.32, 128.78, 128.64, 128.10, 128.07, 127.87, 127.67, 120.71, 119.99, 119.08, 117.40, 

108.93, 100.41, 70.41, 52.04, 45.54, 29.90. HRMS (ESI+) Calcd. For C28H26N2O2 ([M+H]+): 

423.2067, found: 423.2060. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak OD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 226 nm); tr = 

6.31 and 14.45 min. 
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Supplementary Figure 10. Mechanism validation 2. Cyclization of (2R,3S)-9 to synthesize (3R,4S)-10. 

 

Diluted 2N HCl (aq., 2 mL) was added to a solution of (2R,3S)-9 (84.4 mg, 0.2 mmol) in CH2Cl2 (2 

mL) at room temperature. After vigorously stirring for 3 hours, the organic layer was separated and 

the aqueous layer was extracted with CH2Cl2. The organic layer was combined, washed with brine 

and dried over Na2SO4. After filtration and evaporation, the residue was purified by a flash column 

chromatography (PE/EA = 8/1) to afford the product (3R,4S)-10. 

Methyl (3R,4S)-5-methyl-1,1-diphenyl-4-vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole- 

3-carboxylate (3R,4S-10): Yield (46%); white solid; m.p. = 56 ºC. []20
D = -166.3 (c 0.9, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.2 Hz, 2H), 7.36-7.24 (m, 4H), 7.21-7.16 (m, 3H), 7.11 (t, 

J = 7.6 Hz, 1H), 7.09-7.03 (m, 2H), 6.81 (t, J = 7.6 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 5.76 (ddd, J = 

18.0, 10.0, 8.4 Hz, 1H), 5.24-5.13 (m, 2H), 4.12 (t, J = 8.4 Hz, 1H), 3.70 (s, 3H), 3.64 (s, 3H), 3.61 

(d, J = 8.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 172.69, 146.33, 144.40, 137.61, 137.06, 135.00, 

128.99, 128.59, 127.99, 127.88, 127.10, 127.01, 126.20, 120.95, 120.50, 119.27, 118.54, 116.21, 

108.65, 65.20, 59.94, 52.01, 41.26, 30.70. HRMS (ESI+) Calcd. For C28H26N2O2 ([M+H]+): 

423.2067, found: 423.2061. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 226 nm); tr = 

5.68 and 16.35 min. 
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Supplementary Figure 11. 1H NMR spectrum of 2a 

 

 

 

Supplementary Figure 12. 13C NMR spectrum of 2a 
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Supplementary Figure 13. 1H NMR spectrum of 2b 

 

 

 

Supplementary Figure 14. 13C NMR spectrum of 2b 
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Supplementary Figure 15. 1H NMR spectrum of 2c 

 

 

 

Supplementary Figure 16. 13C NMR spectrum of 2c 
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Supplementary Figure 17. 1H NMR spectrum of 2d 

 

 

 

Supplementary Figure 18. 13C NMR spectrum of 2d 
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Supplementary Figure 19. 1H NMR spectrum of 2e 

 

 

 

Supplementary Figure 20. 13C NMR spectrum of 2e 
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Supplementary Figure 21. 1H NMR spectrum of 2f 

 

 

 

Supplementary Figure 22. 13C NMR spectrum of 2f 
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Supplementary Figure 23. 1H NMR spectrum of 2g 

 

 

 

Supplementary Figure 24. 13C NMR spectrum of 2g 
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Supplementary Figure 25. 1H NMR spectrum of 2h 

 

 

 

Supplementary Figure 26. 13C NMR spectrum of 2h 
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Supplementary Figure 27. 1H NMR spectrum of (1R,3S,4R)-3a 

 

 

 

Supplementary Figure 28. 13C NMR spectrum of (1R,3S,4R)-3a 
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Supplementary Figure 29. 1H NMR spectrum of (1R,3R,4R)-3a 

 

 

 

Supplementary Figure 30. 13C NMR spectrum of (1R,3R,4R)-3a 
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Supplementary Figure 31. 1H NMR spectrum of (1R,3S,4R)-3b 

 

 

 

Supplementary Figure 32. 13C NMR spectrum of (1R,3S,4R)-3b 
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Supplementary Figure 33. 1H NMR spectrum of (1R,3S,4R)-3c 

 

 

 

Supplementary Figure 34. 13C NMR spectrum of (1R,3S,4R)-3c 
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Supplementary Figure 35. 1H NMR spectrum of (1R,3R,4R)-3c 

 

 

 

Supplementary Figure 36. 13C NMR spectrum of (1R,3R,4R)-3c 
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Supplementary Figure 37. 1H NMR spectrum of (1R,3S,4R)-3d 

 

 

 

Supplementary Figure 38. 13C NMR spectrum of (1R,3S,4R)-3d 
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Supplementary Figure 39. 1H NMR spectrum of (1R,3R,4R)-3d 

 

 

 

Supplementary Figure 40. 13C NMR spectrum of (1R,3R,4R)-3d 
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Supplementary Figure 41. 1H NMR spectrum of (1R,3S,4R)-3e 

 

 

 

Supplementary Figure 42. 13C NMR spectrum of (1R,3S,4R)-3e 
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Supplementary Figure 43. 1H NMR spectrum of (1R,3S,4R)-3f 

 

 

 

Supplementary Figure 44. 13C NMR spectrum of (1R,3S,4R)-3f 
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Supplementary Figure 45. 1H NMR spectrum of (1R,3S,4R)-3g 

 

 

 

Supplementary Figure 46. 13C NMR spectrum of (1R,3S,4R)-3g 
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Supplementary Figure 47. 1H NMR spectrum of (1R,3R,4R)-3g 

 

 

 

Supplementary Figure 48. 13C NMR spectrum of (1R,3R,4R)-3g 
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Supplementary Figure 49. 1H NMR spectrum of (1R,3S,4R)-3h 

 

 

 

Supplementary Figure 50. 13C NMR spectrum of (1R,3S,4R)-3h 

 

 



 

60 

 

Supplementary Figure 51. 1H NMR spectrum of (1R,3S,4R)-3i 

 

 

 

Supplementary Figure 52. 13C NMR spectrum of (1R,3S,4R)-3i 
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Supplementary Figure 53. 1H NMR spectrum of (1R,3S,4R)-3j 

 

 

 

Supplementary Figure 54. 13C NMR spectrum of (1R,3S,4R)-3j 
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Supplementary Figure 55. 1H NMR spectrum of (1R,3S,4R)-3k 

 

 

 

Supplementary Figure 56. 13C NMR spectrum of (1R,3S,4R)-3k 
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Supplementary Figure 57. 1H NMR spectrum of (1R,3S,4R)-3l 

 

 

 

Supplementary Figure 58. 13C NMR spectrum of (1R,3S,4R)-3l 
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Supplementary Figure 59. 1H NMR spectrum of (1R,3S,4R)-3m 

 

 

 

Supplementary Figure 60. 13C NMR spectrum of (1R,3S,4R)-3m 
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Supplementary Figure 61. 1H NMR spectrum of (1R,3S,4R)-3n 

 

 

 

Supplementary Figure 62. 13C NMR spectrum of (1R,3S,4R)-3n 
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Supplementary Figure 63. 1H NMR spectrum of (1R,3S,4R)-3o 

 

 

 

Supplementary Figure 64. 13C NMR spectrum of (1R,3S,4R)-3o 
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Supplementary Figure 65. 1H NMR spectrum of (1R,3S,4R)-3p 

 

 

 

Supplementary Figure 66. 13C NMR spectrum of (1R,3S,4R)-3p 
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Supplementary Figure 67. 1H NMR spectrum of (1R,3S,4R)-3q 

 

 

 

Supplementary Figure 68. 13C NMR spectrum of (1R,3S,4R)-3q 
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Supplementary Figure 69. 1H NMR spectrum of (1R,3S,4R)-3r 

 

 

 

Supplementary Figure 70. 13C NMR spectrum of (1R,3S,4R)-3r 
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Supplementary Figure 71. 1H NMR spectrum of (1R,3S,4R)-3s 

 

 

 

Supplementary Figure 72. 13C NMR spectrum of (1R,3S,4R)-3s 
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Supplementary Figure 73. 1H NMR spectrum of (1R,3S,4R)-3t 

 

 

 

Supplementary Figure 74. 13C NMR spectrum of (1R,3S,4R)-3t 
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Supplementary Figure 75. 1H NMR spectrum of (1R,3S,4R)-3u 

 

 

 

Supplementary Figure 76. 13C NMR spectrum of (1R,3S,4R)-3u 
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Supplementary Figure 77. 1H NMR spectrum of (1R,3S,4R)-3v 

 

 

 

Supplementary Figure 78. 13C NMR spectrum of (1R,3S,4R)-3v 
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Supplementary Figure 79. 1H NMR spectrum of (1R,3S,4R)-3w 

 

 

 

Supplementary Figure 80. 13C NMR spectrum of (1R,3S,4R)-3w 
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Supplementary Figure 81. 1H NMR spectrum of (1R,3S,4R)-3x 

 

 

 

Supplementary Figure 82. 13C NMR spectrum of (1R,3S,4R)-3x 
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Supplementary Figure 83. 1H NMR spectrum of (1R,3S,4R)-3y 

 

 

 

Supplementary Figure 84. 13C NMR spectrum of (1R,3S,4R)-3y 

 

 



 

77 

 

Supplementary Figure 85. 1H NMR spectrum of (1R,3S,4R)-3z 

 

 

 

Supplementary Figure 86. 13C NMR spectrum of (1R,3S,4R)-3z 

 

 



 

78 

 

Supplementary Figure 87. 1H NMR spectrum of (1R,3S,4R)-3A 

 

 

 

Supplementary Figure 88. 13C NMR spectrum of (1R,3S,4R)-3A 
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Supplementary Figure 89. 1H NMR spectrum of (1R,3S,4R)-3B 

 

 

 

Supplementary Figure 90. 13C NMR spectrum of (1R,3S,4R)-3B 
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Supplementary Figure 91. 1H NMR spectrum of (1R,3S,4R)-3C 

 

 

 

Supplementary Figure 92. 13C NMR spectrum of (1R,3S,4R)-3C 
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Supplementary Figure 93. 1H NMR spectrum of (1R,3S,4R)-3D 

 

 

 

Supplementary Figure 94. 13C NMR spectrum of (1R,3S,4R)-3D 
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Supplementary Figure 95. 1H NMR spectrum of (1R,3S,4R)-3E 

 

 

 

Supplementary Figure 96. 13C NMR spectrum of (1R,3S,4R)-3E 
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Supplementary Figure 97. 1H NMR spectrum of (1R,3S,4R)-3F 

 

 

 

Supplementary Figure 98. 13C NMR spectrum of (1R,3S,4R)-3F 
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Supplementary Figure 99. 1H NMR spectrum of (1R,3S,4R)-3G 

 

 

 

Supplementary Figure 100. 13C NMR spectrum of (1R,3S,4R)-3G 
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Supplementary Figure 101. 1H NMR spectrum of (1R,3S,4R)-3H 

 

 

 

Supplementary Figure 102. 13C NMR spectrum of (1R,3S,4R)-3H 
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Supplementary Figure 103. 1H NMR spectrum of (1R,3S,4R)-4 

 

 

 

Supplementary Figure 104. 13C NMR spectrum of (1R,3S,4R)-4 
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Supplementary Figure 105. 1H NMR spectrum of (1R,3S,4R)-5 

 

 

 

Supplementary Figure 106. 13C NMR spectrum of (1R,3S,4R)-5 
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Supplementary Figure 107. 1H NMR spectrum of (1R,3S,4R)-6 

 

 

 

Supplementary Figure 108. 13C NMR spectrum of (1R,3S,4R)-6 
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Supplementary Figure 109. 1H NMR spectrum of (1R,3S,4R)-7 

 

 

 

Supplementary Figure 110. 1H NMR spectrum of (1R,3S,4R)-7 
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Supplementary Figure 111. 1H NMR spectrum of (2R,3S)-9 

 

 

 

Supplementary Figure 112. 13C NMR spectrum of (2R,3S)-9 
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Supplementary Figure 113. 1H NMR spectrum of (3R,4S)-10 

 

 

 

Supplementary Figure 114. 13C NMR spectrum of (3R,4S)-10 
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Supplementary Figure 115. HPLC spectrum of (1R*,3S*,4R*)-3a and (1R*,3R*,4R*)-3a 
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Supplementary Figure 116. HPLC spectrum of (1S,3R,4S)-3a 
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Supplementary Figure 117. HPLC spectrum of (1R,3S,4R)-3a 
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Supplementary Figure 118. HPLC spectrum of (1S,3S,4S)-3a 
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Supplementary Figure 119. HPLC spectrum of (1R,3R,4R)-3a 
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Supplementary Figure 120. HPLC spectrum of (1R*,3S*,4R*)-3b 
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Supplementary Figure 121. HPLC spectrum of (1R,3S,4R)-3b 
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Supplementary Figure 122. HPLC spectrum of (1R*,3S*,4R*)-3c and (1R*,3R*,4R*)-3c 
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Supplementary Figure 123. HPLC spectrum of (1S,3R,4S)-3c 
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Supplementary Figure 124. HPLC spectrum of (1R,3S,4R)-3c 
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Supplementary Figure 125. HPLC spectrum of (1S,3S,4S)-3c 
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Supplementary Figure 126. HPLC spectrum of (1R,3R,4R)-3c 
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Supplementary Figure 127. HPLC spectrum of (1R*,3S*,4R*)-3d and (1R*,3R*,4R*)-3d 
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Supplementary Figure 128. HPLC spectrum of (1S,3R,4S)-3d 
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Supplementary Figure 129. HPLC spectrum of (1R,3S,4R)-3d 
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Supplementary Figure 130. HPLC spectrum of (1S,3S,4S)-3d 
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Supplementary Figure 131. HPLC spectrum of (1R,3R,4R)-3d 
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Supplementary Figure 132. HPLC spectrum of (1R*,3S*,4R*)-3e 
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Supplementary Figure 133. HPLC spectrum of (1R,3S,4R)-3e 
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Supplementary Figure 134. HPLC spectrum of (1R*,3S*,4R*)-3f 
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Supplementary Figure 135. HPLC spectrum of (1R,3S,4R)-3f 
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Supplementary Figure 136. HPLC spectrum of (1R*,3S*,4R*)-3g 
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Supplementary Figure 137. HPLC spectrum of (1S,3R,4S)-3g 
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Supplementary Figure 138. HPLC spectrum of (1R,3S,4R)-3g 
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Supplementary Figure 139. HPLC spectrum of (1R*,3R*,4R*)-3g 
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Supplementary Figure 140. HPLC spectrum of (1S,3S,4S)-3g 
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Supplementary Figure 141. HPLC spectrum of (1R,3R,4R)-3g 
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Supplementary Figure 142. HPLC spectrum of (1R*,3S*,4R*)-3h 
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Supplementary Figure 143. HPLC spectrum of (1R,3S,4R)-3h 
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Supplementary Figure 144. HPLC spectrum of (1R*,3S*,4R*)-3i 
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Supplementary Figure 145. HPLC spectrum of (1R,3S,4R)-3i 
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Supplementary Figure 146. HPLC spectrum of (1R*,3S*,4R*)-3j 
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Supplementary Figure 147. HPLC spectrum of (1R,3S,4R)-3j 
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Supplementary Figure 148. HPLC spectrum of (1R*,3S*,4R*)-3k 
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Supplementary Figure 149. HPLC spectrum of (1R,3S,4R)-3k 
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Supplementary Figure 150. HPLC spectrum of (1R*,3S*,4R*)-3l 
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Supplementary Figure 151. HPLC spectrum of (1R,3S,4R)-3l 
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Supplementary Figure 152. HPLC spectrum of (1R*,3S*,4R*)-3m 



 

130 

 

 
Supplementary Figure 153. HPLC spectrum of (1R,3S,4R)-3m 
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Supplementary Figure 154. HPLC spectrum of (1R*,3S*,4R*)-3n 
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Supplementary Figure 155. HPLC spectrum of (1R,3S,4R)-3n 
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Supplementary Figure 156. HPLC spectrum of (1R*,3S*,4R*)-3o 
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Supplementary Figure 157. HPLC spectrum of (1R,3S,4R)-3o 
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Supplementary Figure 158. HPLC spectrum of (1R*,3S*,4R*)-3p 
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Supplementary Figure 159. HPLC spectrum of (1R,3S,4R)-3p 
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Supplementary Figure 160. HPLC spectrum of (1R*,3S*,4R*)-3q 
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Supplementary Figure 161. HPLC spectrum of (1R,3S,4R)-3q 
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Supplementary Figure 162. HPLC spectrum of (1R*,3S*,4R*)-3r 
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Supplementary Figure 163. HPLC spectrum of (1R,3S,4R)-3r 
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Supplementary Figure 164. HPLC spectrum of (1R*,3S*,4R*)-3s 
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Supplementary Figure 165. HPLC spectrum of (1R,3S,4R)-3s 
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Supplementary Figure 166. HPLC spectrum of (1R*,3S*,4R*)-3t 
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Supplementary Figure 167. HPLC spectrum of (1R,3S,4R)-3t 
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Supplementary Figure 168. HPLC spectrum of (1R*,3S*,4R*)-3u 
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Supplementary Figure 169. HPLC spectrum of (1R,3S,4R)-3u 
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Supplementary Figure 170. HPLC spectrum of (1R*,3S*,4R*)-3v 
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Supplementary Figure 171. HPLC spectrum of (1R,3S,4R)-3v 
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Supplementary Figure 172. HPLC spectrum of (1R*,3S*,4R*)-3w 
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Supplementary Figure 173. HPLC spectrum of (1R,3S,4R)-3w 
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Supplementary Figure 174. HPLC spectrum of (1R*,3S*,4R*)-3x 
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Supplementary Figure 175. HPLC spectrum of (1R,3S,4R)-3x 
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Supplementary Figure 176. HPLC spectrum of (1R*,3S*,4R*)-3y 
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Supplementary Figure 177. HPLC spectrum of (1R,3S,4R)-3y 
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Supplementary Figure 178. HPLC spectrum of (1R*,3S*,4R*)-3z 
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Supplementary Figure 179. HPLC spectrum of (1R,3S,4R)-3z 
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Supplementary Figure 180. HPLC spectrum of (1R*,3S*,4R*)-3A 
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Supplementary Figure 181. HPLC spectrum of (1R,3S,4R)-3A 
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Supplementary Figure 182. HPLC spectrum of (1R*,3S*,4R*)-3B 
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Supplementary Figure 183. HPLC spectrum of (1R,3S,4R)-3B 
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Supplementary Figure 184. HPLC spectrum of (1R*,3S*,4R*)-3C 
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Supplementary Figure 185. HPLC spectrum of (1R,3S,4R)-3C 
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Supplementary Figure 186. HPLC spectrum of (1R*,3S*,4R*)-3D 
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Supplementary Figure 187. HPLC spectrum of (1R,3S,4R)-3D 
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Supplementary Figure 188. HPLC spectrum of (1R*,3S*,4R*)-3E 
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Supplementary Figure 189. HPLC spectrum of (1R,3S,4R)-3E 
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Supplementary Figure 190. HPLC spectrum of (1R*,3S*,4R*)-3F 
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Supplementary Figure 191. HPLC spectrum of (1R,3S,4R)-3F 
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Supplementary Figure 192. HPLC spectrum of (1R*,3S*,4R*)-3G 
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Supplementary Figure 193. HPLC spectrum of (1R,3S,4R)-3G 



 

171 

 

 

Supplementary Figure 194. HPLC spectrum of (1R*,3S*,4R*)-3H 



 

172 

 

 
Supplementary Figure 195. HPLC spectrum of (1R,3S,4R)-3H 
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Supplementary Figure 196. HPLC spectrum of (1R*,3S*,4R*)-4 
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Supplementary Figure 197. HPLC spectrum of (1R,3S,4R)-4 
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Supplementary Figure 198. HPLC spectrum of (1R*,3S*,4R*)-5 
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Supplementary Figure 199. HPLC spectrum of (1R,3S,4R)-5 
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Supplementary Figure 200. HPLC spectrum of (1R*,3S*,4R*)-6 
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Supplementary Figure 201. HPLC spectrum of (1R,3S,4R)-6 
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Supplementary Figure 202. HPLC spectrum of (1R*,3S*,4R*)-7 
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Supplementary Figure 203. HPLC spectrum of (1R,3S,4R)-7 
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Supplementary Figure 204. HPLC spectrum of (2R*,3S*)-9 and (2R*,3R*)-9 
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Supplementary Figure 205. HPLC spectrum of (2R,3S)-9 
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Supplementary Figure 206. HPLC spectrum of (3R*,4S*)-10 and (3R*,4R*)-10 
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Supplementary Figure 207. HPLC spectrum of (3R,4S)-10 
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