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1. General information 

All reactions requiring anhydrous conditions were carried out under argon atmosphere using 

oven-dried glassware (120 °C), which was cooled under argon. All solvents were purified and 

dried by standard techniques, and distilled prior to use. All reactions under standard conditions 

were monitored by thin-layer chromatography (TLC) on gel F254 plates. Silica gel (200 - 300 

mesh) and petroleum ether (b.p. 60 - 90 °C), ethyl acetate are used for product purification by 

flash column chromatography. 1H NMR and 13C NMR spectra in CDCl3 were acquired on a 

Bruker AM-400 MHz spectrometer. Chemical shifts (δ) are reported in ppm relative to residual 

solvent signals (CDCl3: 7.26 ppm for 1H NMR, 77.0 ppm for 13C NMR. The following 

abbreviations are used to indicate the multiplicity in NMR spectra: s, singlet; d, doublet; t, 

triplet; m, multiplet. High-resolution mass spectral analysis (HRMS) data were determined on 

an APEXII 47e FT-ICR spectrometer (mass analyzer type: TOF) by means of the ESI technique. 

Enantioselectivities were recorded on Agilent HPLC or Waters HPLC using CHIRALPAK 

columns. Optical rotations were detected on RUDOLPH A21202-J APTV/GW. Melting points 

were recorded on a melting point apparatus and uncorrected. When the liquid volume is greater 

than 100 μl, we use a syringe to measure the volume; when the liquid volume is 10-100 μl, we 

use pipette (range from 10-100 μl) to measure the volume; when the liquid volume is 0-10 μl, 

we use pipette (range from 0.0-10.0 μl) to measure the volume. 

 

2. Tables for the optimization of reaction conditions  

Table S-1 Optimization of the reaction conditions.a  
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Entry Ligand Solvent Lewis acid Yieldb (%) Eec (%) 

1 L7 DCM CuBr2 92 11 

2 L7 DCM Cu(ClO4)2·6H2O 92 7 

3d L1 MTBE/THF Cu(OTf)2 86 49 

4d L2 MTBE/THF Cu(OTf)2 78 40 

5d L3 MTBE/THF Cu(OTf)2 79 17 

6d L4 MTBE/THF Cu(OTf)2 90 86 

7d L6 MTBE/THF Cu(OTf)2 85 35 

8d L8 MTBE/THF Cu(OTf)2 86 88 

9e L7 MTBE/THF Cu(OTf)2 87 88 

10f L7 MTBE/THF Cu(OTf)2 85 87 
11g none MTBE/THF Cu(OTf)2 49 0 

aUnless otherwise noted, the reactions were conducted with 1a (0.1 mmol), 2a (0.1 mmol), Lewis acid (10 mol%) 

and Ligand (12 mol%) in 1 mL solvent at -80 °C under Ar for 6 h; bIsolated yield; cThe ee was determined by chiral 

HPLC; dTHF (20 μL), H2O (0.2 mmol) and MeSO2NH2 (5 mol%) were added; eTHF (20 μL), H2O (0.2 mmol) and 

MeSO2NH2 (10 mol%) were added; fTHF (20 μL), H2O (0.2 mmol) and MeSO2NH2 (20 mol%) were added. gTHF 

(20 μL), H2O (0.2 mmol), MeSO2NH2 (5 mol%) were added and without the addition of L7. 

During screening the optimal reaction conditions, two other copper salts were also examined. 

As shown in Table S-1, either CuBr2 or Cu(ClO4)2·6H2O gave the lower ee than Cu(OTf)2 using 

L7 as ligand (entries 1-2). In addition, after we found the enantioselectivity was obviously 

increased using MTBE/THF/H2O as the co-solvent, the aforementioned ligands except the 

optimal ligand L7 were also performed in the co-solvent system. It was found that the 

enantioselectivity was all higher than the use of DCM as the solvent (entries 3-8). These results 

again indicated that the strongly competing background reaction mediated by Cu(OTf)2 was 

suppressed using MTBE/THF/H2O as the co-solvent. The loading of MeSO2NH2 was also 

tested in detail. However, no better result was obtained (entries 9-10). In addition, repeating the 

reaction using only Cu(OTf)2 (10 mol%) without L7 gave lower yield 49% and recovered 

indole 1a (6.8 mg, 41% indole 1a was recovered) which indicated that racemic background 

process was partly suppressed. 

3. The preparation of substrates and catalysts 

3.1 The substrates of indoles. 

Figure S1. Full list of indoles 
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The substrates 1a1, 1b1, 1d2, 1e3, 1f 4, 1g1, 1h1, 1i5 and 1j5 were prepared according to the 

reported literature procedure. Analytical data (1H NMR) matches with the literature. 

General procedure A for the preparation of indole 1c: 

Preparation of 1c: Under argon atmosphere, 5-isopropyl-2-methylaniline6 S1-1c (1.49 g, 10.0 

mmol) was dissolved in dry THF (100 mL) at 0 °C, Et3N (2.1 mL, 15 mmol, 1.5 equiv) was 

added, then trimethylacetyl chloride S1-2c (1.2 mL, 12 mmol, 1.2 equiv) was slowly added. 

The mixture was stirred at room temperature for 1 h and diluted with ethyl acetate. The organic 

layer was washed with brine and dried with anhydrous Na2SO4 and evaporated under reduced 

pressure. The crude product was dissolved in anhydrous THF (100 mL) at 0 °C, n-BuLi (12.0 

mL, 2.5 M in hexane, 30.0 mmol, 3 equiv) was added dropwise under nitrogen atmosphere. 

The mixture was stirred at 0 °C for 1 h and another 5 h at room temperature. The mixture was 

diluted with ethyl acetate (20 mL) and quenched with saturated aq. NH4Cl (20 mL). The organic 

layer was separated, washed with brine, dried with anhydrous Na2SO4 and evaporated under 

reduced pressure. The crude product was purified by flash column chromatography using ethyl 

acetate/hexane to give the title compound 1c (1.12g, 52% yield). 

 

2-(tert-butyl)-6-isopropyl-1H-indole (1c) 

1c was obtained in 52% yield (1.12 g) as a white solid (silica gel flash chromatography: 

petroleum ether:EtOAc = 20:1), m.p. 57-58 °C; Rf = 0.58 (petroleum ether:EtOAc = 4:1); 1H 

NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.17 (s, 1H), 6.96 (d, J = 8.0 

Hz, 1H), 6.19 – 6.20 (m, 1H), 2.95 – 3.02 (m, 1H), 1.37 (s, 9H), 1.30 (d, J = 1.3 Hz, 3H), 1.28 

(d, J = 1.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 148.3, 142.4, 136.1, 126.7, 119.7, 119.0, 

107.6, 96.7, 34.4, 31.8, 30.3, 24.6; HRMS (ESI) Calcd for C15H22N
+ [M+H]+: 216.1747; Found: 

216.1751. 
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2-(adamantan-1-yl)-6-methyl-1H-indole (1k) 

1k was synthesized similar to the procedure A using 2,5-dimethylaniline (1.21g, 10.0 mmol) 

and adamantane-1-carbonyl chloride (2.38g, 12.0 mmol), 1k was obtained in 47% yield (1.24 

g) as a white solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1), m.p. 143-

145 °C; Rf = 0.53 (petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 

7.42 (d, J = 8.0 Hz, 1H), 7.10 (s, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.16 (d, J = 2.1 Hz, 1H), 2.44 

(s, 3H), 2.10 (s, 3H), 1.97 (d, J = 2.8 Hz, 6H), 1.75 – 1.83 (m, 6H); 13C NMR (100 MHz, 

CDCl3) δ 148.6, 135.9, 130.7, 126.2, 121.2, 119.6, 110.5, 96.0, 42.6, 36.8, 33.7, 28.5, 21.7; 

HRMS (ESI) Calcd for C19H24N
+ [M+H]+: 266.1903; Found: 266.1906. 

3.2 General procedure for quinone derivatives. 

 

The substrates 2a7, 2b7, 2c8, 2d8, 2e7, 2f 7, 2g9 and 2h10 were prepared according to the 

reported literature procedure. Analytical data (1H NMR) matches with the literature. 

3.3 General procedure for ligands. 

The ligands L1, L2, L4 and L9 are known compounds and the analytical data (1H NMR) 

matches with the literature11. The Ligands L3, L5, L6, L7 and L8 were prepared according to 

the literature11 (Scheme S-1). 

Figure S2. Full list of quinone derivatives 

Figure S3. Full list of ligands 
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Preparation of L3:  

S2-L3:  Under argon atmosphere, S1-L3 (0.48 g, 2.0 mmol, 1 equiv) was dissolved in dry THF 

(20 mL) at room temperature (rt) and then cooled to -78 °C, LiHMDS (3.0 mL, 1 M in THF, 

3.0 mmol, 1.5 equiv) was subsequently added dropwise. The resulted solution was stirred at rt 

for 30 min, after which the system was cooled to -78 °C, PhNTf2 (0.86 g, 2.4 mmol, 1.2 equiv) 

was added portionwise and the reaction mixture was stirred at rt for additional 3 h. The reaction 

mixture was quenched with saturated NH4Cl (aqueous), filtered through celite and concentrated 

under vacuum to give crude product S2-L3 for next step without purification. 

S4-L3: S2-L3 (2.0 mmol, 1 equiv), Pd2(dba)3 (91.7 mg, 0.100 mmol, 0.05 equiv), PPh3 (52.4 

mg, 0.200 mmol, 0.1 equiv), LiCl (0.25 g, 6.0 mmol, 3 equiv) and (R)-2-amino-3-

phenylpropan-1-ol (0.45 g, 3.0 mmol, 1.5 equiv) were mixed together in dry THF (20 mL), and 

stirred under CO (5 atm) atmosphere at 60 °C for 10 h, filtered through celite and concentrated 

under vacuum to give crude product. Then the crude product was dissolved in dry DCM (20 

mL), Et3N (1.4 mL, 10 mmol, 5 equiv), MsCl (0.5 mL, 6 mmol, 3 equiv) were added 

successively. After 5 h, the reaction mixture was quenched with saturated NH4Cl (aqueous), 

filtered through celite, concentrated under vacuum to give the crude product S4-L3. 

L3: TFA (0.7 mL, 1*101 mmol, 5 equiv) was added to the crude product S4-L3 in dry DCM 

(25 mL) and stirred for 5 h. The reaction mixture was concentrated under vacuum and then 

diluted with DCM, neutralized with NaHCO3, washed with saturated NaCl aqueous solution, 

dried with anhydrous MgSO4, and chromatographied (DCM:MeOH= 30:1 as eluent) to give L3 

(0.36 g, 64% yield).

Scheme S-1  
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(R)-4-benzyl-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-dihydrooxazole (L3) 

The total yield of ligand L3 is 64% (0.36 g), yellow oil (silica gel flash chromatography: 

DCM:MeOH = 30:1). Rf = 0.64 (DCM:MeOH = 4:1); 1H NMR (400 MHz, CDCl3) δ 7.27 – 

7.31 (m, 2H), 7.17 – 7.24 (m, 3H), 6.59 (t, J = 2.7 Hz, 1H), 6.08 (s, 1H), 4.40 – 4.48 (m, 1H), 

4.16 – 4.21 (m, 1H), 3.94 – 3.98 (m, 1H), 3.13 – 3.18 (m, 1H), 3.02 – 3.08 (m, 1H), 2.94 – 2.99 

(m, 1H), 2.69 – 2.74 (m, 1H), 2.53 – 2.58 (m, 1H), 2.36 – 2.45 (m, 1H), 2.24 – 2.29 (m, 1H), 

1.88 – 2.09 (m, 4H), 1.73 – 1.78 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 160.2, 142.0, 137.8, 

133.1, 129.3, 128.4, 126.5, 75.4, 70.6, 67.4, 46.0, 41.8, 38.4, 35.6, 30.2, 25.2; HRMS (ESI) 

Calcd for C18H23N2O+ [M+H]+: 283.1805; Found: 283.1805; [α]20
D = +20 (c = 1.0, 

CHCl3). 

 

 

(R)-4-phenyl-2-((R)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-dihydrooxazole (L5) 

L5 was synthesized under the similar procedure from L3 using (R)-tert-butyl 6-oxo-1-

azaspiro[4.4]nonane-1-carboxylate (0.48 g, 2.0 mmol) and (R)-2-amino-2-phenylethanol (0.41 

g, 3.0 mmol). The total yield of ligand L5 is 65% (0.35 g), brown oil (silica gel flash 

chromatography: DCM:MeOH = 30:1). Rf = 0.65 (DCM:MeOH = 4:1); 1H NMR (400 MHz, 

CDCl3) δ 7.34 – 7.37 (m, 2H), 7.29 – 7.31 (m, 1H), 7.21 – 7.23 (m, 2H), 6.77 (t, J = 2.6 Hz, 

1H), 6.58 (s, 1H), 5.22 – 5.27 (m, 1H), 4.61 – 4.66 (m, 1H), 4.03 – 4.07 (m, 1H), 3.18 – 3.26 

(m, 2H), 2.62 – 2.71 (m, 1H), 2.44 – 2.52 (m, 2H), 1.95 – 2.09 (m, 4H), 1.81 – 1.86 (m, 1H); 

13C NMR (100 MHz, CDCl3) δ 161.3, 143.5, 141.5, 131.8, 128.9, 127.8, 126.7, 76.0, 73.9, 

69.9, 45.7, 37.3, 35.4, 30.4, 24.6; HRMS (ESI) Calcd for C17H21N2O
+ [M+H]+: 269.1648; 

Found: 269.1655; [α]20
D = +32 (c = 1.0, CHCl3). 

 

(R)-5,5-dimethyl-4-phenyl-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5 dihydrooxazole (L6) 
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L6 was synthesized under the similar procedure from L3 using S1-L3 (0.48 g, 2.0 mmol) and 

(R)-1-amino-2-methyl-1-phenylpropan-2-ol (0.50 g, 3.0 mmol). The total yield of ligand L6 is 

35% (0.21 g), brown oil (silica gel flash chromatography: DCM:MeOH = 30:1). Rf = 0.60 

(DCM:MeOH = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.64 (s, 1H), 7.25 – 7.34 (m, 5H), 6.92 

(s, 1H), 3.42 – 3.46 (m, 1H), 3.23 – 3.28 (m, 1H), 2.64 – 2.75 (m, 2H), 2.43 – 2.50 (m, 1H), 

2.01 – 2.12 (m, 5H), 1.88 – 1.92 (m, 1H), 1.82 (s, 3H), 1.81 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 163.7, 143.1, 138.1, 130.4, 129.0, 128.1, 127.4, 45.9, 35.9, 35.6, 30.3, 23.8, 21.7, 

21.0, 20.9; HRMS (ESI) Calcd for C19H25N2O
+ [M+H]+: 297.1961; Found: 297.1967; [α]20

D = 

-86 (c = 0.5, CHCl3). 

 

(R)-4-mesityl-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-dihydrooxazole (L7) 

L7 was synthesized under the similar procedure from L3 using S1-L3 (0.48 g, 2.0 mmol) and 

(R)-2-amino-2-mesitylethanol (0.54 g, 3.0 mmol). The total yield of ligand L7 is 42% (0.26 g), 

brown oil (silica gel flash chromatography: DCM:MeOH = 25:1). Rf = 0.62 (DCM:MeOH = 

4:1); 1H NMR (400 MHz, CDCl3) δ 6.86 (s, 2H), 6.75 (s, 1H), 5.69 (t, J = 10.8 Hz, 1H), 4.56 

– 4.60 (m, 1H), 4.06 – 4.11 (m, 1H), 3.20 – 3.24 (m, 2H), 2.63 – 2.70 (m, 1H), 2.48 – 2.52 (m, 

2H), 2.27 (s, 6H), 2.26 (s, 3H), 1.93 – 2.01 (m, 4H), 1.83 – 1.87 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ 160.6, 143.2, 137.4, 137.0, 132.9, 131.5, 130.4, 76.0, 70.8, 65.9, 45.2, 36.9, 35.3, 

30.3, 24.2, 20.8, 20.4; HRMS (ESI) Calcd for C20H27N2O
+ [M+H]+: 311.2118; Found: 

311.2118; [α]20
D = +45 (c = 1.0, CHCl3). 
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(R)-4-(4-(tert-butyl)-2,6-dimethylphenyl)-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-

dihydrooxazole (L8) 

L8 was synthesized under the similar procedure from L3 using S1-L3 (0.48 g, 2.0 mmol) and 

(R)-2-amino-2-(4-(tert-butyl)-2,6-dimethylphenyl)ethanol (0.66 g, 3.0 mmol). The total yield 

of ligand L8 is 38% (0.27 g), brown oil (silica gel flash chromatography: DCM:MeOH = 25:1). 

Rf = 0.61 (DCM:MeOH = 4:1); 1H NMR (400 MHz, CDCl3) δ 7.04 (s, 2H), 6.83 (t, J = 2.7 Hz, 

1H), 5.72 (t, J = 10.8 Hz, 1H), 4.60 – 4.65 (m, 1H), 4.14 – 4.20 (m, 1H), 3.50 – 3.53 (m, 1H), 

3.32 – 3.37 (m, 1H), 2.86 – 2.92 (m, 1H), 2.74 – 2.83 (m, 1H), 2.53 – 2.60 (m, 1H), 2.30 (s, 

6H), 2.06 – 2.15 (m, 4H), 1.95 – 1.99 (m, 1H), 1.30 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

160.7, 150.7, 144.7, 136.6, 132.5, 129.0, 126.7, 71.3, 65.5, 53.4, 44.3, 35.0, 34.8, 34.2, 31.2, 

30.5, 23.1, 20.7; HRMS (ESI) Calcd for C23H33N2O+ [M+H]+: 353.2587; Found: 

353.2594; [α]20
D = +15 (c = 1.0, CHCl3). 

3.4 General procedure for Amino alcohol. 

 

 

 

The amino alcohol SL3 and SL5 are commercially available, SL6
12 and SL7

13 are known 

compounds and the analytical data (1H NMR) matches with the literature. The amino alcohol 

SL8 was prepared according to the literature14 (Scheme S-2). 

 

Figure S4. Full list of amino alcohol 

Scheme S-2  
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SL8 is a new compound, we prepare it by known procedure14 without modification. Scheme S-

2 is a repeated procedure, characterizations of SL8 are shown below. 

 

 

(R)-2-amino-2-(4-(tert-butyl)-2,6-dimethylphenyl)ethanol (SL8) 

 

SL8 was prepared using S1-L815 (1.84 g, 10.0 mmol), we get SL8 as a white solid (1.65 g, 75% 

yield). (silica gel flash chromatography: DCM:MeOH = 40:1). Rf = 0.34 (DCM:MeOH = 8:1), 

m.p. 167-168 °C; 1H NMR (400 MHz, CDCl3) δ 7.01 (s, 2H), 4.44 – 4.47 (m, 1H), 3.79 – 3.84 

(m, 1H), 3.60 – 3.64 (m, 1H), 2.43 (s, 6H), 2.18 (s, 3H), 1.28 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 149.7, 135.9, 135.2, 126.6, 64.7, 54.0, 34.1, 31.3, 21.6; HRMS (ESI) Calcd for 

C14H24NO+ [M+H]+: 222.1852; Found: 222.1853; Enantiomeric excess > 99% determined by 

HPLC (Daicel CHIRALPAK OD-H, Hexane/Isopropanol 98/2, flow rate = 1.0 mL/min, λ = 

230 nm): major isomer: tR = 16.70 min; minor isomer: tR = 14.99 min; [α] 20
D = -25 (c = 1.0, 

CHCl3). 
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4. General procedure for the asymmetric cross-coupling of indoles 

with quinones and naphthoquinones  

 

4.1 General procedure B for the asymmetric cross-coupling of indoles with quinones. 

 

General procedure B for the Product 3aa: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12 

mol%) and THF (20 μL) were added under argon atmosphere at room temperature, dry MTBE 

(1.0 mL) was subsequently added, with vigorously stirring, Cu(OTf)2 (3.6 mg, 0.010 mmol, 10 

mol%), H2O (3.6 μL, 2 equiv), MeSO2NH2 (0.5 mg, 0.005 mmol, 5 mol%) were added, then 

the result solution was stirred at r.t. for 30 min. After which, the system was cooled to -80 °C, 

quinone 2a (16.6 mg, 0.100 mmol, 1 equiv) and indole 1a (17.3 mg, 0.100 mmol, 1 equiv) were 

added and stirred at -80 °C for 6 h. After the reaction was complete (monitored by TLC), the 

mixture was purified by flash column chromatography immediately on silica gel (petroleum 

ether/EtOAc) to give the corresponding product 3aa (29.8 mg, 88% yield). 

 

4.2 General procedure C for the asymmetric cross-coupling of indoles with 

naphthoquinones. 
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General procedures C for the Product 3ag: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12 

mol%) and THF (20 μL) were added under argon atmosphere at room temperature, dry MTBE 

(1.0 mL) was subsequently added, with vigorously stirring, Cu(OTf)2 (3.6 mg, 0.010 mmol, 10 

mol%), H2O (3.6 μL, 2 equiv), MeSO2NH2 (0.5 mg, 0.005 mmol, 5 mol%) were added, the 

result solution was stirred at room temperature for 30 min. After which, the system was cooled 

to -80 °C, naphthoquinone 2g (21.6 mg, 0.100 mmol, 1 equiv) and indole 1a (17.3 mg, 0.100 

mmol, 1 equiv) were added and stirred at -80 °C for 24 h, Then Et3N (0.5 mL) was added and 

the mixture was stirred for another 2 h, the mixture was purified by flash column 

chromatography immediately on silica gel (petroleum ether/EtOAc) to give the corresponding 

product 3ag (27.0 mg, 69% yield).  

General procedures C for the Product 4jg: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12 

mol%) and THF (20 μL) were added under argon atmosphere at room temperature, dry MTBE 

(1.0 mL) was subsequently added, with vigorously stirring, Cu(OTf)2 (3.6 mg, 0.010 mmol, 10 

mol%), H2O (3.6 μL, 2 equiv), MeSO2NH2 (0.5 mg, 0.005 mmol, 5 mol%) were added, the 

result solution was stirred at room temperature for 30 min. After which, the system was cooled 

to -80 °C, naphthoquinone 2g (21.6 mg, 0.100 mmol, 1 equiv) and indole 1j (25.1 mg, 0.100 

mmol, 1 equiv) were added and stirred at -80 °C for 24 h, Then Et3N (0.5 mL) was added and 

the mixture was stirred for another 2 h, the solution was warm to room temperature under air 

for 6 h and purified by flash column chromatography on silica gel (petroleum ether/EtOAc), 

the reoxidation product 4jg (34.1 mg, 73% yield) was got. 

 

5.  1 mmol-scale reaction of 3ba. 

In a 25 mL flask, L7 (37.2 mg, 0.120 mmol, 12 mol%) and THF (0.2 mL) were added under 

argon atmosphere at room temperature, dry MTBE (10.0 mL) was subsequently added, with 
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vigorously stirring, Cu(OTf)2 (36.2 mg, 0.100 mmol, 10 mol%), H2O (36 μL, 2 equiv), 

MeSO2NH2 (4.8 mg, 0.050 mmol, 5 mol%) were added, the result solution was stirred at room 

temperature for 30 min. After which, the system was cooled to -80 °C, quinone 2a (166.0 mg, 

1.000 mmol, 1 equiv) and indole 1b (187.0 mg, 1.000 mmol, 1 equiv) were added and stirred 

at -80 °C for 6 h, the mixture was purified by flash column chromatography immediately on 

silica gel (petroleum ether:EtOAc = 20:1) to give the corresponding product 3ba (319.0 mg, 

90% yield), Rf = 0.53 (petroleum ether:EtOAc = 4:1); the enantiomeric excess was 90% 

determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 

mL/min, λ = 254 nm): major isomer: tR = 7.79 min; minor isomer: tR = 4.24 min. 

 

 

 

6. Characterization of reaction products 

 

 

(R)-methyl 2-(2-(tert-butyl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3aa) 

According to the procedure B, 3aa was obtained in 88% yield (29.8 mg) and 90% ee as an 

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.54 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.69 (s, 1H), 8.18 (s, 1H), 7.35 

(d, J = 8.1 Hz, 1H), 7.15 – 7.19 (m, 2H), 7.01 – 7.04 (m, 3H), 4.92 (s, 1H), 3.31 (s, 3H), 1.26 
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(s, 9H); 13C NMR (100 MHz, CDCl3) δ 171.2, 156.1, 147.6, 143.7, 134.7, 129.3, 122.1, 122.0, 

121.4, 120.1, 118.6, 118.5, 113.1, 110.1, 104.2, 51.7, 33.3, 30.0; HRMS (ESI) Calcd for 

C20H22NO4
+ [M+H]+: 340.1543; Found: 340.1546; Enantiomeric excess was 90% determined 

by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, λ = 

254 nm): major isomer: tR = 6.53 min; minor isomer: tR = 4.18 min; [α]D
20 = -58 (c = 1.0, CHCl3). 

 

 

(R)-methyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ba) 

According to the procedure B, 3ba was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 92% yield (32.4 mg) and 91% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.53 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.67 (s, 1H), 8.06 (s, 1H), 7.12 – 7.19 (m, 

2H), 7.01 (d, J = 9.0 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 4.94 (s, 1H), 

3.33 (s, 3H), 2.45 (s, 3H), 1.24 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 171.3, 156.0, 147.6, 

142.9, 135.2, 131.9, 127.1, 121.9, 121.7, 121.7, 118.3, 118.2, 113.1, 110.2, 103.9, 51.8, 33.3, 

30.0, 21.7; HRMS (ESI) Calcd for C21H24NO4
+ [M+H]+: 354.1700; Found: 354.1695; 

Enantiomeric excess was 91% determined by HPLC (Daicel CHIRALPAK IA-3, 

Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 8.05 min; 

minor isomer: tR = 4.21 min; [α]20
D = -68 (c = 1.0, CHCl3). 
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(R)-methyl 2-(2-(tert-butyl)-6-isopropyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ca) 

According to the procedure B, 3ca was obtained using indole 1c (21.5 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 87% yield (33.0 mg) and 86% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.54 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.65 (s, 1H), 8.10 (s, 1H), 7.20 (s, 1H), 

7.16 (d, J = 9.0 Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.89 – 6.94 (m, 2H), 4.96 (s, 1H), 3.33 (s, 

3H), 2.97 – 3.04 (m, 1H), 1.31 (d, J = 2.4 Hz, 3H), 1.29 (d, J = 2.4 Hz, 3H), 1.24 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 171.3, 156.0, 147.6, 143.4, 143.1, 135.1, 127.4, 121.9, 121.8, 119.5, 

118.3, 118.3, 113.2, 107.3, 103.9, 51.8, 34.3, 33.4, 30.1, 24.6, 24.4; HRMS (ESI) Calcd for 

C23H28NO4
+ [M+H]+: 382.2013; Found: 382.2014; Enantiomeric excess was 86% determined 

by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/5, flow rate = 1.0 mL/min, λ = 220 

nm): major isomer: tR = 8.13 min; minor isomer: tR = 7.50 min; [α]20
D = -69 (c = 1.0, CHCl3). 
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(R)-methyl 2-(2-(tert-butyl)-6-methoxy-1H-indol-3-yl)-3,6-dihydroxybenzoate (3da) 

According to the procedure B, 3da was obtained using indole 1d (20.3 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 84% yield (31.1 mg) and 90% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 10:1). Rf = 0.31 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.66 (s, 1H), 8.08 (s, 1H), 7.15 (d, J = 9.0 

Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.85 – 6.91 (m, 2H), 6.66 – 6.69 (m, 1H), 4.97 (s, 1H), 3.84 
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(s, 3H), 3.34 (s, 3H), 1.23 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 171.2, 156.5, 156.0, 147.6, 

142.3, 135.5, 123.6, 121.9, 121.6, 119.2, 118.4, 113.1, 109.5, 103.9, 94.1, 55.7, 51.8, 33.3, 30.0; 

HRMS (ESI) Calcd for C21H24NO5
+ [M+H]+: 370.1649; Found: 370.1653; Enantiomeric 

excess was 90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/5, 

flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 23.25 min; minor isomer: tR = 17.77 

min; [α]20
D = -71 (c = 1.0, CHCl3). 
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(R)-methyl 2-(2-(tert-butyl)-6-chloro-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ea) 

According to the procedure B, 3ea was obtained using indole 1e (20.8 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 86% yield (31.9 mg) and 83% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.56 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.68 (s, 1H), 8.20 (s, 1H), 7.31 (d, J = 1.8 

Hz, 1H), 7.16 (d, J = 9.0 Hz, 1H), 6.92 – 7.04 (m, 3H), 4.84 (s, 1H), 3.32 (s, 3H), 1.24 (s, 9H); 

13C NMR (100 MHz, CDCl3) δ 171.0, 156.2, 147.5, 144.5, 135.0, 127.9, 127.8, 122.2, 120.8, 

120.6, 119.5, 118.8, 113.0, 110.2, 104.4, 51.8, 33.4, 29.9; HRMS (ESI) Calcd for 

C20H21ClNO4
+ [M+H]+: 374.1154; Found: 374.1153; Enantiomeric excess was 83% determined 

by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, λ = 

254 nm): major isomer: tR = 7.35 min; minor isomer: tR = 4.06 min; [α]20
D = -74 (c = 1.0, CHCl3). 

 

 

 

(R)-methyl 2-(2-(tert-butyl)-7-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3fa) 

According to the procedure B, 3fa was obtained using indole 1f (18.7 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 93% yield (32.7 mg) and 88% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.53 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.67 (s, 1H), 8.00 (s, 1H), 7.16 (d, J = 9.0 

Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.86 – 7.03 (m, 3H), 4.90 (s, 1H), 3.33 (s, 3H), 2.54 (s, 3H), 



S19 

 

1.28 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 171.2, 156.0, 147.6, 143.3, 134.2, 128.8, 122.8, 

121.9, 121.7, 120.3, 119.2, 118.4, 116.3, 113.1, 104.7, 51.8, 33.4, 30.1, 16.6; HRMS (ESI) 

Calcd for C21H24NO4
+ [M+H]+: 354.1700; Found: 354.1698; Enantiomeric excess was 88% 

determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 

mL/min, λ = 254 nm): major isomer: tR = 4.32 min; minor isomer: tR = 3.89 min; [α]20
D = -49 

(c = 1.0, CHCl3). 

 

 

 

 

(R)-ethyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bb) 

According to the procedure B, 3bb was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2b (18.0 mg, 0.100 mmol) in 90% yield (33.0 mg) and 89% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.54 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.84 (s, 1H), 8.05 (s, 1H), 7.16 (d, J = 9.0 

Hz, 1H), 7.13 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 

1H), 4.99 (s, 1H), 3.81 (q, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.24 (s, 9H), 0.40 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 170.9, 156.3, 147.6, 142.7, 135.2, 131.9, 127.5, 121.8, 121.7, 

118.4, 118.4, 113.3, 110.1, 104.4, 60.7, 33.3, 30.1, 21.7, 12.6; HRMS (ESI) Calcd for 

C22H26NO4
+ [M+H]+: 368.1856; Found: 368.1855; Enantiomeric excess was 89% determined 
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by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, λ = 

254 nm): major isomer: tR = 8.33 min; minor isomer: tR = 4.05 min; [α]20
D = -80 (c = 1.0, CHCl3). 

 

 

 

 

(R)-isobutyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bc) 

According to the procedure B, 3bc was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2c (20.8 mg, 0.100 mmol) in 94% yield (37.2 mg) and 93% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.52 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.92 (s, 1H), 8.08 (s, 1H), 7.15 (d, J = 9.0 

Hz, 1H), 7.12 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 

1H), 4.89 (s, 1H), 3.70 – 3.74 (m, 1H), 3.51 – 3.55 (m, 1H), 2.44 (s, 3H), 1.22 (s, 9H), 0.99 – 

1.06 (m, 1H), 0.38 (d, J = 6.8 Hz, 3H), 0.19 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ171.4, 156.3, 147.6, 142.6, 135.3, 132.1, 127.2, 121.9, 121.8, 121.46, 118.5, 118.5, 113.5, 

110.3, 104.3, 71.9, 33.2, 30.1, 27.0, 21.7, 18.5, 18.4; HRMS (ESI) Calcd for C24H30NO4
+ 

[M+H]+: 396.2169; Found: 396.2173; Enantiomeric excess was 93% determined by HPLC 

(Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 220 nm): 

major isomer: tR = 8.26 min; minor isomer: tR = 7.21 min; [α]20
D = -49 (c = 1.0, CHCl3). 
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(R)-cyclopropylmethyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate 

(3bd) 

According to the procedure B, 3bd was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2d (20.6 mg, 0.100 mmol) in 92% yield (36.3 mg) and 91% ee as an amorphous solid 
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(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.50 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.84 (s, 1H), 8.05 (s, 1H), 7.16 (d, J = 9.0 

Hz, 1H), 7.10 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 

1H), 4.98 (s, 1H), 3.60 (d, J = 7.4 Hz, 2H), 2.44 (s, 3H), 1.25 (s, 9H), 0.19 – 0.24 (m, 1H), 0.09 

– 0.12 (m, 1H), -0.03 – 0.03 (m, 1H), -0.29 – -0.24 (m, 1H), -0.40 – -0.35 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 171.0, 156.2, 147.6, 142.7, 135.4, 131.9, 127.6, 121.8, 121.8, 121.7, 118.5, 

118.3, 113.3, 110.0, 104.3, 70.1, 33.3, 30.1, 21.7, 8.7, 3.0, 2.6; HRMS (ESI) Calcd for 

C24H28NO4
+ [M+H]+: 394.2013; Found: 394.2009; Enantiomeric excess was 91% determined 

by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 

220 nm): major isomer: tR = 10.04 min; minor isomer: tR = 8.54 min; [α]20
D = -78 (c = 1.0, 

CHCl3). 
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(R)-isopropyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3be) 

According to the procedure B, 3be was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2e (19.4 mg, 0.100 mmol) in 89% yield (34.0 mg) and 84% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.53 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.95 (s, 1H), 8.07 (s, 1H), 7.12 – 7.16 (m, 

2H), 7.00 (d, J = 8.8 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0, 1H), 4.99 (s, 1H), 4.78 

– 4.84 (m, 1H), 2.44 (s, 3H), 1.25 (s, 9H), 0.71 (d, J = 6.2 Hz, 3H), 0.36 (d, J = 6.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 170.4, 156.3, 147.6, 142.6, 135.2, 131.9, 127.8, 121.7, 121.6, 

118.6, 118.3, 113.6, 110.1, 104.5, 68.5, 33.2, 30.1, 21.7, 21.2, 20.4; HRMS (ESI) Calcd for 

C23H28NO4
+ [M+H]+: 382.2013; Found: 382.2016; Enantiomeric excess was 84% determined 

by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, λ = 

254 nm): major isomer: tR = 6.96 min; minor isomer: tR = 3.97 min, [α]20
D = -127 (c = 1.0, 

CHCl3). 
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(R)-benzyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bf) 

According to the procedure B, 3bf was obtained using indole 1b (18.7 mg, 0.100 mmol) and 

quinone 2f (24.2 mg, 0.100 mmol) in 89% yield (38.2 mg) and 88% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.51 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.87 (s, 1H), 7.76 (s, 1H), 7.14 – 7.21 (m, 

2H), 7.00 – 7.08 (m, 4H), 6.90 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.48 – 6.41 (m, 

2H), 4.90 (s, 1H), 4.83 (d, J = 12.0 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 2.49 (s, 3H), 1.07 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 171.0, 156.5, 147.6, 142.8, 135.2, 134.2, 131.8, 128.5, 

128.0, 127.9, 127.2, 122.0, 121.8, 118.4, 118.3, 113.0, 110.5, 103.9, 67.3, 33.1, 29.9, 21.8; 

HRMS (ESI) Calcd for C27H28NO4
+ [M+H]+: 430.2013; Found: 430.2014; Enantiomeric 

excess was 88% determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 6.62 min; minor isomer: tR = 4.36 min; 

[α]20
D = -33 (c = 1.0, CHCl3).  

 

 

 

(R)-benzyl 2-(2-(tert-butyl)-6-methoxy-1H-indol-3-yl)-3,6-dihydroxybenzoate (3df) 

According to the procedure B, 3df was obtained using indole 1d (20.3 mg, 0.100 mmol) and 

quinone 2f (24.2 mg, 0.100 mmol) in 79% yield (35.1 mg) and 91% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.35 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.86 (s, 1H), 7.75 (s, 1H), 7.14 – 7.21 (m, 

2H), 7.07 – 7.10 (m, 2H), 7.01 (d, J = 8.8 Hz, 1H), 6.89 (d, J = 8.8 Hz, 1H), 6.76 (d, J = 2.0 Hz, 
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1H), 6.68 (dd, J = 8.6, 2.0 Hz, 1H), 6.50 (d, J = 7.2 Hz, 2H), 4.91 (s, 1H), 4.78 – 4.87 (m, 2H), 

3.88 (s, 3H), 1.06 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 170.9, 156.5, 147.5, 142.2, 135.4, 

134.2, 128.5, 128.0, 123.6, 122.0, 121.5, 119.2, 118.4, 112.9, 109.5, 103.9, 94.5, 67.3, 55.8, 

33.1, 29.9; HRMS (ESI) Calcd for C27H28NO5
+ [M+H]+: 446.1962; Found: 446.1962; 

Enantiomeric excess was 91% determined by HPLC (Daicel CHIRALPAK IF, 

Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 21.32 min; 

minor isomer: tR = 19.01 min; [α]20
D = -35 (c = 1.0, CHCl3). 
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(R)-methyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3ga) 

According to the procedure B, 3ga was obtained using indole 1g (18.7 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 85% yield (29.9 mg) and 95% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.49 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.69 (s, 1H), 8.17 (s, 1H), 7.34 (d, J = 8.1 

Hz, 1H), 7.15 – 7.19 (m, 2H), 6.99 – 7.02 (m, 3H), 4.89 (s, 1H), 3.29 (s, 3H), 1.62 (t, J = 7.4 

Hz, 2H), 1.19 (s, 3H), 1.16 (s, 3H), 0.77 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

171.3, 156.1, 147.7, 142.7, 134.8, 129.3, 122.1, 121.9, 121.5, 120.0, 118.6, 118.5, 113.2, 110.1, 

105.3, 51.8, 37.0, 36.3, 27.3, 27.2, 9.4; HRMS (ESI) Calcd for C21H24NO4
+ [M+H]+: 354.1700; 

Found: 354.1698; Enantiomeric excess was 95% determined by HPLC (Daicel CHIRALPAK 

IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 11.88 

min; minor isomer: tR = 10.80 min; [α]20
D = -71 (c = 1.0, CHCl3). 
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(R)-ethyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3gb) 

According to the procedure B, 3gb was obtained using indole 1g (18.7 mg, 0.100 mmol) and 

quinone 2b (18.0 mg, 0.100 mmol) in 84% yield (31.0 mg) and 95% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.50 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.84 (s, 1H), 8.17 (s, 1H), 7.34 (d, J = 8.1 

Hz, 1H), 7.14 – 7.18 (m, 2H), 7.00 – 7.08 (m, 3H), 4.95 (s, 1H), 3.85 – 3.93 (m, 1H), 3.66 – 

3.74 (m, 1H), 1.59 – 1.65 (m, 2H), 1.17 (s, 6H), 0.78 (t, J = 7.4 Hz, 3H), 0.31 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 170.9, 156.2, 147.7, 142.6, 134.8, 129.8, 122.1, 121.8, 

121.4, 120.0, 118.8, 118.5, 113.4, 110.1, 105.5, 60.8, 37.0, 36.1, 27.4, 27.0, 12.4, 9.3; HRMS 

(ESI) Calcd for C22H26NO4
+ [M+H]+: 368.1856; Found: 368.1860; Enantiomeric excess was 

95% determined by HPLC (Daicel CHIRALPAK IE, Hexane/Isopropanol 95/05, flow rate = 

1.0 mL/min, λ = 220 nm): major isomer: tR = 11.13 min; minor isomer: tR = 9.42 min; [α]20
D = 

-86 (c = 1.0, CHCl3). 
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(R)-isobutyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3gc) 

According to the procedure B, 3gc was obtained using indole 1g (18.7 mg, 0.100 mmol) and 

quinone 2c (20.8 mg, 0.100 mmol) in 73% yield (28.7 mg) and 95% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.60 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.85 (s, 1H), 8.18 (s, 1H), 7.33 (d, J = 8.1 

Hz, 1H), 7.15 – 7.18 (m, 2H), 7.09 (d, J = 7.8 Hz, 1H), 7.00 – 7.04 (m, 2H), 4.84 (s, 1H), 3.76 

– 3.81 (m, 1H), 3.42 – 3.46 (m, 1H), 1.57 – 1.61 (m, 2H), 1.18 (s, 3H), 1.15 (s, 3H), 0.93 – 1.00 

(m, 1H), 0.78 (t, J = 7.4 Hz, 3H), 0.35 (d, J = 6.8 Hz, 3H), 0.16 (d, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 171.3, 156.1, 147.6, 142.5, 134.9, 129.4, 122.2, 121.8, 121.1, 120.2, 118.9, 

118.5, 113.7, 110.3, 105.4, 71.9, 36.9, 35.9, 27.5, 27.0, 26.9, 18.4, 18.5, 9.3; HRMS (ESI) 

Calcd for C24H30NO4
+ [M+H]+: 396.2169; Found: 396.2166; Enantiomeric excess was 95% 

determined by HPLC (Daicel CHIRALPAK IE, Hexane/Isopropanol 95/05, flow rate = 1.0 

mL/min, λ = 220 nm): major isomer: tR = 9.05 min; minor isomer: tR = 7.71 min; [α]20
D = -29 

(c = 1.0, CHCl3). 
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(R)-methyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3ha) 

According to the procedure B, 3ha was obtained using indole 1h (20.1 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 87% yield (32.0 mg) and 97% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.58 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.68 (s, 1H), 8.05 (s, 1H), 7.13 – 7.16 (m, 

2H), 7.01 (d, J = 9.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 4.91 (s, 1H), 

3.31 (s, 3H), 2.45 (s, 3H), 1.60 (t, J = 7.4 Hz, 2H), 1.17 (s, 3H), 1.14 (s, 3H), 0.76 (t, J = 7.4 
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Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.3, 156.0, 147.7, 141.8, 135.3, 131.9, 127.1, 121.9, 

121.8, 121.7, 118.3, 118.2, 113.2, 110.1, 105.1, 51.9, 37.0, 36.3, 27.3, 27.2, 21.7, 9.4; HRMS 

(ESI) Calcd for C22H26NO4
+ [M+H]+: 368.1856; Found: 368.1852; Enantiomeric excess was 

97% determined by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 

1.0 mL/min, λ = 220 nm): major isomer: tR = 21.85 min; minor isomer: tR = 20.38 min; [α]20
D 

= -63 (c = 1.0, CHCl3). 
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(R)-ethyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hb) 

According to the procedure B, 3hb was obtained using indole 1h (20.1 mg, 0.100 mmol) and 

quinone 2b (18.0 mg, 0.100 mmol) in 76% yield (29.1 mg) and 95% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.56 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.83 (s, 1H), 8.05 (s, 1H), 7.15 (d, J = 9.0 

Hz, 1H), 7.12 (s, 1H), 7.00 (d, J = 9.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 

1H), 4.97 (s, 1H), 3.85 – 3.93 (m, 1H), 3.69 – 3.77 (m, 1H), 2.44 (s, 3H), 1.60 (d, J = 7.4 Hz, 

2H), 1.16 (s, 3H), 1.15 (s, 3H), 0.77 (t, J = 7.4 Hz, 3H), 0.36 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 170.9, 156.1, 147.7, 141.7, 135.3, 131.9, 127.6, 121.8, 121.7, 121.6, 118.5, 

118.3, 113.4, 110.1, 105.3, 60.8, 36.9, 36.1, 27.4, 26.9, 21.7, 12.5, 9.3; HRMS (ESI) Calcd for 

C23H28NO4
+ [M+H]+: 382.2013; Found: 382.2013; Enantiomeric excess was 95% determined 

by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 

220 nm): major isomer: tR = 10.24 min; minor isomer: tR = 8.23 min; [α]20
D = -85 (c = 1.0, 

CHCl3). 
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(R)-isobutyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hc) 

According to the procedure B, 3hc was obtained using indole 1h (20.1 mg, 0.100 mmol) and 

quinone 2c (20.8 mg, 0.100 mmol) in 78% yield (32.1 mg) and 96% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.58 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.82 (s, 1H), 8.04 (s, 1H), 7.13 – 7.16 (m, 

2H), 7.01 (d, J = 9.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0, 1H), 4.86 (s, 1H), 3.75 

– 3.80 (m, 1H), 3.45 – 3.49 (m, 1H), 2.44 (s, 3H), 1.57 – 1.59 (m, 2H), 1.16 (s, 3H), 1.12 (s, 

3H), 0.98 – 1.05 (m, 1H), 0.77 (t, J = 7.4 Hz, 3H), 0.38 (d, J = 6.8 Hz, 3H), 0.19 (d, J = 6.8 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 171.3, 156.0, 147.6, 141.7, 135.3, 132.1, 127.2, 121.8, 

121.7, 121.4, 121.4, 118.5, 118.4, 113.7, 110.2, 105.1, 71.8, 36.9, 35.9, 27.5, 27.0, 21.7, 18.5, 

18.4, 9.3; HRMS (ESI) Calcd for C25H32NO4
+ [M+H]+: 410.2326; Found: 410.2326; 

Enantiomeric excess was 96% determined by HPLC (Daicel CHIRALPAK IF, 

Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 9.35 min; 

minor isomer: tR = 7.42 min; [α]20
D = -40 (c = 1.0, CHCl3) 
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(R)-benzyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hf) 

According to the procedure B, 3hf was obtained using indole 1h (20.1 mg, 0.100 mmol) and 

quinone 2f (24.2 mg, 0.100 mmol) in 84% yield (37.4 mg) and 93% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.56 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.85 (s, 1H), 7.78 (s, 1H), 7.13 – 7.19 (m, 

2H), 7.00 – 7.05 (m, 4H), 6.91 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.42 – 6.44 (m, 

2H), 4.91 (d, J = 12.1 Hz, 1H), 4.88 (s, 1H), 4.73 (d, J = 12.1 Hz, 1H), 2.49 (s, 3H), 1.48 (q, J 

= 7.5 Hz, 2H), 1.04 (s, 3H), 0.98 (s, 3H), 0.67 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 171.0, 156.4, 147.6, 141.9, 135.3, 134.1, 131.8, 128.4, 128.0, 127.8, 127.2, 122.0, 121.8, 

121.7, 118.4, 118.4, 113.2, 110.5, 104.8, 67.3, 36.8, 35.9, 27.2, 26.8, 21.8, 9.3; HRMS (ESI) 

Calcd for C28H30NO4
+ [M+H]+: 444.2169; Found: 444.2173; Enantiomeric excess was 93% 

determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 95/05, flow rate = 1.0 
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mL/min, λ = 220 nm): major isomer: tR = 10.85 min; minor isomer: tR = 9.14 min; [α]20
D = -28 

(c = 1.0, CHCl3). 

 

 

 

 

 

 

(R)-methyl 3,6-dihydroxy-2-(2-(1-methylcyclohexyl)-1H-indol-3-yl)benzoate (3ia) 

According to the procedure B, 3ia was obtained using indole 1i (21.3 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 92% yield (35.3 mg) and 93% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.52 (petroleum 
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ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.68 (s, 1H), 8.25 (s, 1H), 7.33 (d, J = 8.1 

Hz, 1H), 7.15 – 7.18 (m, 2H), 7.00 – 7.05 (m, 3H), 4.92 (s, 1H), 3.29 (s, 3H), 1.69 – 1.80 (m, 

2H), 1.26 – 1.54 (m, 8H), 1.22 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.3, 156.0, 147.5, 

143.9, 134.7, 129.4, 122.0, 121.9, 121.6, 120.0, 118.6, 118.4, 113.2, 110.2, 104.4, 51.8, 37.1, 

37.2, 36.9, 25.9, 22.3, 22.2; HRMS (ESI) Calcd for C23H26NO4
+ [M+H]+: 380.1856; Found: 

380.1860; Enantiomeric excess was 93% determined by HPLC (Daicel CHIRALPAK IE, 

Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 13.05 min; 

minor isomer: tR = 10.98 min; [α]20
D = -43 (c = 1.0, CHCl3). 
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(R)-methyl 2-(2-(adamantan-1-yl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ja) 

According to the procedure B, 3ja was obtained using indole 1j (25.1 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 86% yield (35.9 mg) and 89% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.52 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.71 (s, 1H), 8.24 (s, 1H), 7.34 (d, J = 8.1 

Hz, 1H), 7.14 – 7.18 (m, 2H), 7.00 – 7.03 (m, 3H), 4.94 (s, 1H), 3.30 (s, 3H), 1.99 (s, 3H), 1.89 

(s, 6H), 1.64 – 1.74 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 171.3, 156.1, 147.6, 144.0, 134.6, 

129.4, 122.0, 121.9, 121.7, 120.0, 118.5, 118.4, 113.2, 110.1, 103.9, 51.8, 41.8, 36.5, 35.6, 28.3; 

HRMS (ESI) Calcd for C26H28NO4
+ [M+H]+: 418.2013; Found: 418.2017; Enantiomeric 

excess was 89% determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 95/05, 

flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 17.49 min; minor isomer: tR = 13.04 

min; [α]20
D = -24 (c = 1.0, CHCl3). 
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(R)-methyl 2-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ka) 

According to the procedure B, 3ka was obtained using indole 1k (26.5 mg, 0.100 mmol) and 

quinone 2a (16.6 mg, 0.100 mmol) in 84% yield (36.2 mg) and 90% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.53 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.69 (s, 1H), 8.11 (s, 1H), 7.15 (d, J = 9.0 

Hz, 1H), 7.12 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.82 – 6.84 (m, 2H), 4.95 (s, 1H), 3.33 (s, 3H), 

2.44 (s, 3H), 1.97 (s, 3H), 1.87 (s, 6H), 1.63 – 1.73 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 

171.3, 156.0, 147.6, 143.2, 135.1, 131.8, 127.2, 121.9, 121.8, 121.6, 118.3, 118.2, 113.2, 110.2, 

103.6, 51.8, 41.8, 36.5, 35.6, 28.3, 21.7; HRMS (ESI) Calcd for C27H30NO4
+ [M+H]+: 432.2169; 

Found: 432.2170; Enantiomeric excess was 90% determined by HPLC (Daicel CHIRALPAK 

ID, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, λ = 220 nm): major isomer: tR = 24.44 

min; minor isomer: tR = 12.11 min; [α]20
D = -32 (c = 1.0, CHCl3). 
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(R)-ethyl 2-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3kb) 

According to the procedure B, 3kb was obtained using indole 1k (26.5 mg, 0.100 mmol) and 

quinone 2b (18.0 mg, 0.100 mmol) in 88% yield (39.0 mg) and 90% ee as an amorphous solid 

(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.53 (petroleum 

ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 10.74 (s, 1H), 8.06 (s, 1H), 7.14 (d, J = 9.0 

Hz, 1H), 7.10 (s, 1H), 6.99 (d, J = 9.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.82 (d, J = 8.0 Hz, 

1H), 4.95 (s, 1H), 3.76 – 3.86 (m, 2H), 2.43 (s, 3H), 1.97 (s, 3H), 1.88 (s, 6H), 1.64 – 1.73 (m, 

6H), 0.41 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.8, 156.2, 147.6, 142.9, 135.2, 

131.8, 127.6, 121.9, 121.6, 118.3, 118.2, 113.4, 110.0, 104.2, 60.5, 41.8, 36.5, 35.6, 28.4, 21.6, 

12.6; HRMS (ESI) Calcd for C28H32NO4
+ [M+H]+: 446.2326; Found: 446.2330; Enantiomeric 

excess was 90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, 

flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 10.29 min; minor isomer: tR = 8.81 

min; [α]20
D = -38 (c = 1.0, CHCl3). 
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(R)-methyl 3-(2-(tert-butyl)-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3ag) 

According to the procedure C of 3ag, 3ag was obtained using indole 1a (17.3 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 69% yield (27.0 mg) and 94% ee as an 

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 25:1). Rf = 0.63 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 12.17 (s, 1H), 8.48 – 8.50 (m, 

1H), 8.18 – 8.21 (m, 2H), 7.65 – 7.67 (m, 1H), 7.60 – 7.62 (m, 1H), 7.36 – 7.39 (m, 1H), 7.15 

– 7.19 (m, 1H), 6.99 – 7.05 (m, 2H), 5.39 (s, 1H), 3.33 (s, 3H), 1.27 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ 172.3, 156.0, 144.0, 143.0, 134.8, 129.9, 129.2, 127.3, 126.4, 125.3, 124.0, 

122.5, 122.0, 120.0, 118.8, 111.4, 110.1, 106.2, 104.8, 51.7, 33.4, 30.1; HRMS (ESI) Calcd 

for C24H23NNaO4
+ [M+Na]+: 412.1519; Found: 412.1519; Enantiomeric excess was 94% 

determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 90/10, flow rate = 1.0 
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mL/min, λ = 254 nm): major isomer: tR = 12.78 min; minor isomer: tR = 6.28 min; [α]20
D = +64 

(c = 0.2, CHCl3). 

 

 

 

 

 

 

(R)-methyl 3-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3bg) 

According to the procedure C of 3ag, 3bg was obtained using indole 1b (18.7 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg (0.100 mmol) in 74% yield (29.7 mg) and 93% ee as an 
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amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.60 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 12.15 (s, 1H), 8.48 (d, J = 8.4, 

1H), 8.19 (d, J = 8.4, 1H), 8.05 (s, 1H), 7.57 – 7.68 (m, 2H), 7.16 – 7.17 (m, 1H), 6.81 – 6.93 

(m, 2H), 5.40 (s, 1H), 3.35 (s, 3H), 2.45 (s, 3H), 1.25 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

172.4, 155.9, 143.3, 143.0, 135.2, 131.8, 129.1, 127.7, 127.3, 126.3, 125.3, 124.0, 122.5, 121.7, 

118.5, 111.7, 110.1, 106.3, 104.6, 51.7, 33.3, 30.1, 21.7; HRMS (ESI) Calcd for C25H25NNaO4
+ 

[M+Na]+: 426.1676; Found: 426.1675; Enantiomeric excess was 93% determined by HPLC 

(Daicel CHIRALPAK IF, Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, λ = 254 nm): 

major isomer: tR = 16.78 min; minor isomer: tR = 5.68 min; [α]20
D = +65 (c = 0.2, CHCl3). 
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(R)-methyl 3-(2-(tert-butyl)-7-methyl-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3fg) 

According to the procedure C of 3ag, 3fg was obtained using indole 1f (18.7 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 70% yield (28.3 mg) and 93% ee as an 

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.62 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 12.19 (s, 1H), 8.51 (d, J = 8.3 

Hz, 1H), 8.22 (d, J = 8.3 Hz, 1H), 8.03 (s, 1H), 7.67 – 7.71 (m, 1H), 7.60 – 7.64 (m, 1H), 6.90 

– 7.02 (m, 3H), 5.39 (s, 1H), 3.38 (s, 3H), 2.60 (s, 3H), 1.31 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 172.4, 155.9, 143.6, 143.0, 134.3, 129.4, 129.1, 127.3, 126.4, 125.3, 124.0, 122.7, 

122.5, 120.2, 119.2, 116.6, 111.7, 106.2, 105.4, 51.8, 33.4, 30.1, 16.6; HRMS (ESI) Calcd for 

C25H25NNaO4
+ [M+Na]+: 426.1676; Found: 426.1679; Enantiomeric excess was 93% 

determined by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 90/10, flow rate = 1.0 

mL/min, λ = 254 nm): major isomer: tR = 5.87 min; minor isomer: tR = 5.41 min; [α]20
D = +14 

(c = 0.5, CHCl3). 
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(R)-methyl 1,4-dihydroxy-3-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)-2-naphthoate (3hg) 

According to the procedure C of 3ag, 3hg was obtained using indole 1h (20.1 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 65% yield (27.2 mg) and 94% ee as an 

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.62 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 12.16 (s, 1H), 8.47 – 8.49 (m, 

1H), 8.17 – 8.20 (m, 1H), 8.03 (s, 1H), 7.57 – 7.68 (m, 2H), 7.16 (s, 1H), 6.82 – 6.94 (m, 2H), 

5.38 (s, 1H), 3.34 (s, 3H), 2.46 (s, 3H), 1.62 (q, J = 7.4 Hz, 2H), 1.18 (s, 3H), 1.15 (s, 3H), 0.78 

(t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 155.8, 143.0, 142.2, 135.3, 131.7, 

129.1, 127.7, 127.2, 126.3, 125.2, 123.9, 122.6, 121.6, 118.6, 111.7, 110.1, 106.3, 105.7, 51.8, 

37.0, 36.3, 27.3, 27.2, 21.8, 9.4; HRMS (ESI) Calcd for C26H27NNaO4
+ [M+Na]+: 440.1832; 

Found: 440.1831; Enantiomeric excess was 94% determined by HPLC (Daicel CHIRALPAK 

IF, Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 13.39 

min; minor isomer: tR = 5.52 min; [α]20
D = +39 (c = 0.2, CHCl3). 
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(R)-methyl 1,4-dihydroxy-3-(2-(1-methylcyclohexyl)-1H-indol-3-yl)-2-naphthoate (3ig) 

According to the procedure C of 3ag, 3ig was obtained using indole 1i (21.3 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 70% yield (30.0 mg) and 89% ee as an 

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.64 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 12.15 (s, 1H), 8.48 – 8.50 (m, 

1H), 8.24 (s, 1H), 8.18 – 8.21 (m, 1H), 7.65 – 7.69 (m, 1H), 7.58 – 7.62 (m, 1H), 7.37 – 7.39 
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(m, 1H), 7.15 – 7.19 (m, 1H), 7.05 – 7.07 (m, 1H), 6.98 – 7.02 (m, 1H), 5.38 (s, 1H), 3.31 (s, 

3H), 1.77 – 1.85 (m, 2H), 1.53 – 1.57 (m, 2H), 1.42 – 1.44 (m, 4H), 1.24 – 1.28 (m, 2H), 1.23 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.3, 155.9, 144.2, 142.9, 134.7, 130.0, 129.1, 127.3, 

126.4, 125.3, 124.0, 122.6, 121.9, 119.9, 118.8, 111.5, 110.1, 106.3, 105.0, 51.7, 37.2, 37.1, 

36.9, 25.9, 22.3, 22.3; HRMS (ESI) Calcd for C27H28NO4
+ [M+H]+: 430.2013; Found: 

430.2009; Enantiomeric excess was 89% determined by HPLC (Daicel CHIRALPAK IF, 

Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 16.64 min; 

minor isomer: tR = 6.39 min; [α]20
D = +41 (c = 0.2, CHCl3). 

 

 

 

 

 

 



S46 

 

 

(R)-methyl 3-(2-(adamantan-1-yl)-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-2-

carboxylate (4jg) 

According to the procedure C of 4jg, 4jg was obtained using indole 1j (25.1 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 73% yield (34.1 mg) and 96% ee as a dark 

blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.44 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.25 (s, 1H), 8.20 – 8.23 (m, 

1H), 8.16 – 8.19 (m, 1H), 7.79 – 7.85 (m, 2H), 7.24 – 7.30 (m, 2H), 7.10 – 7.14 (m, 1H), 7.00 

– 7.03 (m, 1H), 3.50 (s, 3H), 2.10 – 2.13 (m, 3H), 2.02 – 2.05 (m, 3H), 1.93 – 1.96 (m, 3H), 

1.71 – 1.73 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 184.7, 182.1, 164.5, 145.2, 144.1, 141.5, 

134.4, 134.3, 134.2, 132.1, 131.8, 128.2, 127.3, 126.6, 121.9, 119.9, 118.6, 110.3, 101.1, 52.3, 

42.1, 36.5, 35.8, 28.4; HRMS (ESI) Calcd for C30H28NO4
+ [M+H]+: 466.2013; Found: 

466.2020; Enantiomeric excess was 96% determined by HPLC (Daicel CHIRALPAK IF, 

Hexane/Isopropanol 60/40, flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 8.81 min; 

minor isomer: tR = 4.87 min; [α]20
D = -30 (c = 0.02, CHCl3). 
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(R)-methyl 3-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-1,4-dioxo-1,4-

dihydronaphthalene-2-carboxylate (4kg) 

 

According to the procedure C of 4jg, 4kg was obtained using indole 1k (26.5 mg, 0.100 mmol) 

and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 79% yield (38.0 mg) and 89% ee as a dark 

blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.45 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.14 – 8.24 (m, 3H), 7.82 – 

7.87 (m, 2H), 7.10 – 7.16 (m, 2H), 6.86 – 6.88 (m, 1H), 3.55 (s, 3H), 2.43 (s, 3H), 2.10 – 2.14 

(m, 3H), 2.03 – 2.04 (m, 3H), 1.93 – 1.96 (m, 3H), 1.74 (s, 6H); 13C NMR (100 MHz, CDCl3) 

δ 184.7, 182.2, 164.6, 144.4, 144.3, 141.4, 134.7, 134.2, 134.1, 132.1, 131.8, 131.7, 127.3, 

126.5, 126.1, 121.6, 118.2, 110.3, 100.9, 52.3, 42.1, 36.5, 35.7, 28.4, 21.7; HRMS (ESI) Calcd 

for C31H30NO4
+ [M+H]+: 480.2169; Found: 480.2170; Enantiomeric excess was 89% 

determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 60/40, flow rate = 1.0 

mL/min, λ = 254 nm): major isomer: tR = 13.22 min; minor isomer: tR = 5.70 min; [α]20
D = -

105 (c = 0.04, CHCl3). 
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(R)-phenyl 3-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-1,4-dioxo-1,4-

dihydronaphthalene-2-carboxylate (4kh) 

According to the procedure C of 4jg, 4kh was obtained using indole 1k (26.5 mg, 0.100 mmol) 

and naphthoquinone 2h (27.8 mg, 0.100 mmol) in 61% yield (33.2 mg) and 82% ee as a dark 

blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.42 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.25 – 8.27 (m, 1H), 8.19 – 
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8.23 (m, 2H), 7.82 – 7.88 (m, 2H), 7.23 (s, 1H), 7.16 – 7.20 (m, 2H), 7.09 – 7.13 (m, 2H), 6.86 

– 6.89 (m, 1H), 6.48 – 6.50 (m, 2H), 2.42 (s, 3H), 2.08 – 2.12 (m, 3H), 1.91 – 1.99 (m, 6H), 

1.68 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 184.6, 181.9, 162.8, 150.0, 144.8, 144.7, 140.8, 

134.8, 134.4, 134.3, 132.2, 131.9, 131.8, 129.3, 127.4, 126.6, 126.2, 126.1, 121.9, 121.3, 118.5, 

110.4, 100.9, 42.2, 36.5, 35.8, 28.4, 21.7; HRMS (ESI) Calcd for C36H32NO4
+ [M+H]+: 

542.2326; Found: 542.2323; Enantiomeric excess was 82% determined by HPLC (Daicel 

CHIRALPAK IF, Hexane/Isopropanol 60/40, flow rate = 1.0 mL/min, λ = 230 nm): major 

isomer: tR = 13.87 min; minor isomer: tR = 5.67 min; [α]20
D = -145 (c = 0.04, CHCl3). 
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(R)-phenyl 3-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-

2-carboxylate (4bh) 

According to the procedure C of 4jg, 4bh was obtained using indole 1b (18.7 mg, 0.100 mmol) 

and naphthoquinone 2h (27.8 mg, 0.100 mmol) in 97% yield (44.8 mg) and 92% ee as a dark 

blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.45 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.23 – 8.26 (m, 1H), 8.18 – 

8.21 (m, 2H), 7.81 – 7.85 (m, 2H), 7.25 – 7.27 (m, 1H), 7.16 – 7.20 (m, 2H), 7.08 – 7.13 (m, 

2H), 6.87 – 6.90 (m, 1H), 6.49 – 6.51 (m, 2H), 2.42 (s, 3H), 1.36 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 184.6, 181.9, 162.7, 150.0, 144.6, 144.5, 140.8, 135.1, 134.4, 134.3, 132.1, 132.0, 

131.8, 129.3, 127.3, 126.6, 126.1, 126.1, 122.0, 121.3, 118.6, 110.4, 101.2, 33.5, 30.5, 21.7; 

HRMS (ESI) Calcd for C30H26NO4
+ [M+H]+: 464.1856; Found: 464.1861; Enantiomeric 

excess was 92% determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, λ = 254 nm): major isomer: tR = 22.03 min; minor isomer: tR = 12.26 

min; [α]20
D = -115 (c = 0.04, CHCl3). 
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(R)-phenyl 3-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-

2-carboxylate (4hh) 

According to the procedure C of 4jg, 4hh was obtained using indole 1h (20.1 mg, 0.100 mmol) 

and naphthoquinone 2h (27.8 mg, 0.100 mmol) in 96% yield (45.9 mg) and 93% ee as a dark 

blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.46 

(petroleum ether:EtOAc = 4:1); 1H NMR (400 MHz, CDCl3) δ 8.23 – 8.26 (m, 1H), 8.19 – 

8.21 (m, 1H), 8.13 (s, 1H), 7.79 – 785 (m, 2H), 7.27 (d, J = 8.0 Hz, 1H), 7.09 – 7.19 (m, 4H), 

6.87 – 6.90 (m, 1H), 6.49 – 6.51 (m, 2H), 2.42 (s, 3H), 1.68 (q, J = 7.4 Hz, 2H), 1.33 (s, 3H), 

1.27 (s, 3H), 0.76 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 184.6, 181.9, 162.7, 

150.0, 144.6, 143.6, 140.6, 135.1, 134.3, 134.3, 132.2, 131.9, 131.8, 129.3, 127.3, 126.6, 126.1, 

126.0, 121.9, 121.3, 118.6, 110.3, 102.5, 37.2, 36.7, 27.7, 27.6, 21.7, 9.2; HRMS (ESI) Calcd 

for C31H28NO4
+ [M+H]+: 478.2013; Found: 478.2012; Enantiomeric excess was 93% 

determined by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 90/10, flow rate = 1.0 

mL/min, λ = 254 nm): major isomer: tR = 17.81 min; minor isomer: tR = 11.40 min; [α]20
D =      

-90 (c = 0.04, CHCl3). 
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7. The absolute configuration of products 

Compared to the previous literature,1 the 1H NMR and 13C NMR of 3ab was the same with the 

reference, the ee (ref. 94% ee) and optical rotations (ref. [α]20
D = -85.0, c = 1.0, CHCl3) of 3ab 

were also closed to the reference. Thus, the absolute configuration of the products was 

identified as R. 
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(R)-ethyl 2-(2-(tert-butyl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ab) 

According to the procedure B, we get 3ab using indole 1a (17.3 mg, 0.100 mmol) and quinone 

2b (18.0 mg, 0.100 mmol) in 79% yield (28.0 mg) and 90% ee as an amorphous solid (silica 

gel flash chromatography: petroleum ether:EtOAc = 20:1). Rf = 0.54 (petroleum ether:EtOAc 

= 4:1); 1H NMR (400 MHz, CDCl3) δ 10.73 (s, 1H), 8.12 (s, 1H), 7.31 (d, J = 8.4 Hz, 1H), 

7.14 – 7.16 (m 2H), 6.99 – 7.03 (m, 3H), 4.91 (s, 1H), 3.73 – 3.86 (m, 2H), 1.26 (s, 9H), 0.37 

(t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 170.8 , 156.3 , 147.7 , 143.4 , 134.8 , 129.8 , 

122.1 , 121.8 , 121.4, 120.1, 118.8, 118.5, 113.4, 110.0, 104.8, 60.6 , 33.3, 30.0 , 12.5; HRMS 

(ESI) Calcd for C21H24NO4
+ [M+H]+: 354.1700; Found: 354.1706; Enantiomeric excess was 

90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 

1.0 mL/min, λ = 220 nm): major isomer: tR = 13.03 min; minor isomer: tR = 10.45 min; [α]20
D 

= -78 (c = 1.0, CHCl3). 
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8. Attempt of other quinone substrate. 

 

We also have tested the benzoquinone substrate 1l16 under optimal condition, it didn’t work 

even if the temperature was warmed to rt. 

 

9. The control experiment and proposed mechanism of the reaction 

 

 

Scheme S-3. Control experiment 

Scheme S-4 Proposed mechanism 
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To investigate the stereo-controlling process, N-Boc L9 was subjected to repeating the 

coupling of 1a and 2a under the general condition. The product 3aa was obtained in only 45% 

ee and 85% yield (Scheme S-3), which indicated that there existed coordination between ligand 

NH and Cu(II) species as well as substrates during complexation and/or coupling. On the basis 

of this result and previous related reports,8,17 a possible asymmetric catalytic cycle process was 

proposed (Scheme S-4). The chiral catalyst complex 5 was initially formed and then a species 

6 was subsequently formed through coordination of 5 with quinone 2. Next, an asymmetric 

conjugate addition of indole 1 to chiral species 6 to form the central chirality intermediate 7. 

Finally, the desired product 3 was produced after an aromatization/proton transfer of 7, which 

simultaneously realized the transformation of central chirality into the axial chirality. 

Noteworthily, during the conjugate addition process as illustrated in transition state (TS), indole 

1 was liable to attack from Si-face of species 6 to afford intermediate 7 which further formed 

the corresponding axially chiral product 3. Due to the bigger steric hindrance, a Re-face attack 

was disfavored. The atroposelectivity showed in TS was consist with the absolute 

stereochemistry observed from our experiment. 

 

10. Reference 

1. D.-L. Lu, Y.-H. Chen, S.-H. Xiang, P. Yu, B. Tan, S. Li, Org. Lett. 2019, 21, 6000. 

2. J. B. Doherty, M.-H. Chen, L. Liu, S. R. Natarajan, D.-M. Shen, R. M. Tynebor, WO 

2004043354 May 27, 2004. 

3. K. Kobayashi, D. Iitsuka, S. Fukamachi, H. Konishi, Tetrahedron 2009, 65, 7523. 

4. L.-W. Qi, J.-H. Mao, J. Zhang, B. Tan, Nat. Chem. 2017, 9, 558. 

5. W. J. Houlihan, V. A. Parrino, Y. Uike, J. Org. Chem. 1981, 46, 4511. 

6. I. Ehlers, P. Maity, J. Aube, B. Konig, Eur. J. Org. Chem. 2011, 2011, 2474. 

7. Y.-H. Chen, D.-J. Cheng, J. Zhang, Y. Wang, X.-Y. Liu, B. Tan, J. Am. Chem. Soc. 2015, 

137, 15062. 

8. L. Liu, L.-S. Lei, Z.-S. Zhan, S.-Z. Liu, Y.-X. Wang, Y.-Q. Tu, F.-M. Zhang, X.-M. Zhang, 

A.-J. Ma, S.-H. Wang, Chem. Commun. 2019, 55, 3789. 

9. J. Jacobs, S. Claessens, B.-M. Mbala, K. Huygen, N.-D. Kimpe, Tetrahedron. 2009, 65, 1193. 

10. L. Xia, A. Idhayadhulla, Y. R. Lee, Mol. Diversity. 2016, 20, 17. 

11. J.-M. Tian, A.-F. Wang, J.-S. Yang, X.-J. Zhao, Y.-Q. Tu, S.-Y. Zhang, Z.-M. Chen, Angew. 

Chem., Int. Ed. 2019, 58, 11023. 

12. K. Tsutsumi, K. Itagaki, K. Nomura, ACS Omega. 2017, 2, 3886. 

13. M. T. Crimmins, M. Shamszad, Org. Lett. 2007, 9, 149. 

14. W. Liu, S. Ali, S. Ammann, M. C. White, J. Am. Chem. Soc. 2018, 140, 10658. 

15. M. Tashiro, T. Yamato, J. Org. Chem. 1983, 48, 1461. 



S56 

 

16. A. Baschieri, R. Amorati, L. Valgimigli, L. Sambri, J. Org. Chem. 2019, 84, 13655. 

17. Q.-J. Liu, J. Zhu, X.-Y. Song, L. Wang, S.-R. Wang, Y. Tang, Angew. Chem., Int. Ed. 2018, 

57, 3810.  

 

 

  



S57 

 

11.  Copies of NMR spectra 
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