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1. General 
Commercially available reagents were used without further purification. Solvents were treated 

prior to use according to the standard methods. 1H NMR and 13C NMR spectra were recorded at 
room temperature in CDCl3 or DMSO-d6 on 400 MHz instrument with TMS (tetramethylsilane) 
as internal standard. Enantiomeric excess was determined by HPLC analysis, using chiral column 
described below in detail. Optical rotations were measured by polarimeter. Flash column chroma- 
tography was performed on silica gel (200-300 mesh). 

2. General Procedure for Synthesis of α-Aryl-α-diazoactates 
α-Aryl-α-diazoactates 1 can be conveniently synthesized according to the known literature 

procedures.[1] All α-aryl-α-diazoactates are the known compounds[2-4] except benzyl 2-diazo-2-o- 
tolylacetate 1g, benzyl 2-(3-methoxyphenyl)-2-diazoacetate 1i and benzyl 2-(2-chlorophenyl) 
-2-diazoacetate 1k. 

Synthesis of Benzyl α-Aryl-α-diazoactates 

Ar CO2Bn
TsN3, DBU

CH3CN, rt Ar CO2Bn

N2

1  
Following a known literature procedure,[1] benzyl arylacetates (10.0 mmol) was dissolved in 20 

mL acetonitrile at room temperature under an inert atmosphere. Tosyl azide (2.367 g, 12.0 mmol) 
was added, and then 1,8-diazabicyclo[5.4.0]undec-7-ene (2.283 g, 15.0 mmol) dissolved in 10 mL 
acetonitrile was added dropwise over 30 min with stirring. After 12 h, the solvent was evaporated 
and the residue was purified by silica gel chromatography using hexanes/ethyl acetate (100/1) as 
eluent to afford α-aryl-α-diazoactates 1. 

Benzyl 2-diazo-2-o-tolylacetate (1g): unknown compound, red oil, yield: 91%, Rf = 0.45 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.50-7.35 (m, 6H), 7.34-7.27 (m, 3H), 

5.35 (s, 2H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 137.8, 136.2, 131.0, 
130.9, 130.4, 129.0, 128.7, 128.4, 128.2, 127.7, 126.5, 124.2, 66.7, 20.1. HRMS 
Calculated for C16H15O2 [(M-N2)+H]+ 239.1067, found: 239.1081. 

Benzyl 2-(3-methoxyphenyl)-2-diazoacetate (1i): unknown compound, yellow solid, m.p. = 
68-69 oC, yield: 74%, Rf = 0.40 (hexanes/ethyl acetate 10:1). 1H NMR (400 MHz, CDCl3) δ 

7.45-7.21 (m, 6H), 7.15 (s, 1H), 6.98 (d, J = 7.8 Hz, 1H), 6.72 (dd, J = 8.2, 2.2 
Hz, 1H), 5.31 (s, 2H), 3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 165.1, 160.3, 
136.0, 130.1, 128.8, 128.5, 128.4, 127.1, 116.2, 111.8, 109.8, 66.7, 55.4. HRMS 
Calculated for C16H15O3 [(M-N2)+H]+ 255.1016, found: 255.1017. 

Benzyl 2-(2-chlorophenyl)-2-diazoacetate (1k): unknown compound, yellow solid, m.p. = 
51-52 oC, yield: 95%, Rf = 0.40 (hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.57 

(dd, J = 7.7, 1.5 Hz, 1H), 7.47-7.25 (m, 8H), 5.31 (s, 2H). 13C NMR (100 MHz, 
CDCl3) δ 165.6, 136.0, 133.9, 132.5, 130.3, 129.8, 128.8, 128.5, 128.3, 127.3, 
124.0, 67.0. HRMS Calculated for C15H15ClNO2 [(M-N2)+NH4]+ 276.0786, 
found: 276.0782.
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3. General Procedure for Synthesis of N-Protected Indoles 
N-protected indoles 2 can be conveniently synthesized according to the known literature 

procedures.[5] All N-protected indoles are the known compounds[5-12] except 2-methyl-1-(naph- 
thalen-2-ylmethyl)-1H-indole (2e) and 1-(4-bromobenzyl)-2-methyl-1H-indole (2f).  

Synthesis of N-protected indoles 

NaH, DMF

0 oC to rtN
H

+ Ar Br N
Ar

2  

Following a known literature procedure,[5] under an inert atmosphere, sodium hydride (0.240 g, 
6.0 mmol) was addded to 5 mL N,N-dimethylformamide (DMF) at 0 oC and stirred for 5 min. 
2-methylindole (0.656 g, 5.0 mmol) dissolved in 5 mL N,N-dimethylformamide was added 
dropwise over 10 min with stirring. After 0.5 h, aryl methylbromide (5.5 mmol) dissolved in 5 mL 
N,N-dimethylformamide was added dropwise, the mixture was slowly warmed to room 
temperature and kept stirring until the reaction completed indicated by TLC. After quenching by 
aqueous ammonium chloride, the phases were separated and aqueous phase was extracted with 
ethyl acetate (10 mL×3). The combined organic layer was washed with brine, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by 
flash chromatography using hexanes/ethyl acetate (100/1) to give N-protected indoles 2. 

2-Methyl-1-(naphthalen-2-ylmethyl)-1H-indole (2e): yield: 42%, unknown compound, white 
solid, m.p. = 101-102 oC, Rf = 0.70 (hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 

7.79-7.66 (m, 2H), 7.65-7.53 (m, 2H), 7.43-7.33 (m, 2H), 7.29 (s, 1H), 
7.24-7.15 (m, 1H), 7.15-7.00 (m, 3H), 6.34 (s, 1H), 5.35 (s, 2H), 2.33 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ 137.4, 136.9, 135.5, 133.5, 132.8, 
128.8, 128.4, 127.9, 127.8, 126.4, 126.0, 124.6, 124.3, 121.0, 119.9, 119.7, 

109.4, 100.7, 46.8, 12.9. HRMS Calculated for C20H18N [M+H]+ 272.1434, found: 272.1438. 

1-(4-Bromobenzyl)-2-methyl-1H-indole (2f): yield: 43%, unknown compound, white solid, 
m.p. = 109-110 oC, Rf = 0.60 (hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 

7.61-7.52 (m, 1H), 7.41-7.34 (m, 2H), 7.18-7.04 (m, 3H), 6.84 (s, 1H), 
6.81 (s, 1H), 6.33 (s, 1H), 5.24 (s, 2H), 2.35 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ 137.2, 137.1, 136.7, 132.1, 128.4, 127.9, 121.3, 121.1, 120.0, 
119.9, 109.2, 101.0, 46.1, 12.9. HRMS Calculated for C16H15BrN [M+H]+ 

300.0382, found: 300.0385. 
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4. Copper-Catalyzed Enantioselective C-H Functionalization of Indoles 

Ar CO2R

N2
+

CuCl, L1
NaBArF, 5Å MS

DCE, 30 oC

1 2 3

N
R2

N
R2

Ar
CO2R

R1 R1

R3 R3

 
General Procedure: The powdered CuCl (1.0 mg, 0.01 mmol, 5.0 mol%), (Ra,S,S)-C4-ACBP 

L1 (2.7 mg, 0.01 mmol, 5.0 mol%), NaBArF (21.2 mg, 0.024 mmol, 12.0 mol%) and 200 mg 5Å 
molecular sieves were introduced into an oven-dried Schlenk tube under nitrogen. After 
1,2-dichloroethane (2.0 mL) was injected into the Schlenk tube, the solution was stirred at 30 oC 
under nitrogen for 2 h. Protected indoles 2 (0.30 mmol) and α-aryl-α-diazoactates 1 (0.20 mmol) 
was then introduced in one portion. The resulting mixture was stirred at 60 oC until the full 
consumption of 1. After filtrating and removing solvent in vacuum, the product 3 was isolated by 
flash chromategraphy (hexanes/ethyl acetate = 30:1, v/v). 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3aa): yield: 97%, colorless 
oil, known compound,[13] ee: 94%, [α]20

D = -54.30 (c 1.00, CHCl3) [lit.[13]: [α]20
D = -51.20 (c 1.08, 

CHCl3) for 97% ee (R)], Rf = 0.35 (hexanes/ethyl acetate 20:1). 1H NMR (400 
MHz, CDCl3) δ 7.49 (d, J = 7.9 Hz, 1H), 7.34-7.15 (m, 14H), 7.12-7.05 (m, 
1H), 7.00 (t, J = 7.5 Hz, 1H), 6.96-6.88 (m, 2H), 5.39 (s, 1H), 5.28 (s, 2H), 
5.23-5.11 (m, 2H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.1, 138.8, 

137.9, 136.8, 136.1, 134.9, 129.0, 128.6, 128.5, 128.5, 128.3, 128.2, 127.5, 127.3, 126.9, 126.1, 
121.3, 119.8, 109.3, 108.7, 66.8, 48.5, 46.7, 10.9. HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 
mL/min, 254 nm): t1 = 11.1 min, t2 = 12.1 min (major).  

(R)-Benzyl 2-(1,2-dimethyl-1H-indol-3-yl)-2-phenylacetate (3ab): yield: 85%, colorless oil, 
known compound,[13] ee: 91%, [α]20

D = -76.33 (c 0.90, CHCl3) [lit.[13]: [α]20
D = -78.42 (c 0.95, 

CHCl3) for 97% ee (R)], Rf = 0.35 (hexanes/ethyl acetate 20:1). 1H NMR (400 
MHz, CDCl3) δ 7.45 (d, J = 8.0 Hz, 1H), 7.33-7.08 (m, 12H), 7.03-6.94 (m, 
1H), 5.35 (s, 1H), 5.16 (dd, J = 35.6, 12.4 Hz, 2H), 3.60 (s, 3H), 2.28 (s, 
3H) 13C NMR (100 MHz, CDCl3) δ 173.2, 139.0, 136.8, 136.1, 135.0, 128.6, 

128.4, 128.4, 128.4, 128.2, 127.1, 126.9, 120.9, 119.6, 119.4, 108.8, 107.9, 66.9, 48.5, 29.7, 10.9. 
HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 11.1 min, t2 = 12.8 min 
(major). 

(R)-Benzyl 2-(1-ethyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ac): yield: 94%, colorless 
oil, unknown compound, ee: 91%, [α]20

D = -65.82 (c 1.03, CHCl3), Rf = 0.35 (hexanes/ethyl 
acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.7 Hz, 1H), 
7.31-7.08 (m, 12H), 7.03-6.95 (m, 1H), 5.36 (s, 1H), 5.17 (dd, J = 28.9, 12.5 
Hz, 2H), 4.10 (q, J = 7.2 Hz, 2H), 2.29 (d, J = 1.2 Hz, 3H), 1.31 (t, J = 7.1 Hz, 
3H). 13C NMR (100 MHz, CDCl3) δ 173.2, 139.0, 136.2, 135.8, 134.2, 128.6, 

128.5, 128.4, 128.3, 128.2, 127.3, 126.9, 120.9, 119.7, 119.3, 108.8, 107.9, 66.8, 48.5, 38.0, 15.5, 
10.7. HPLC (AS-H column, iPrOH/hexane 05/95, 0.7 mL/min, 254 nm): t1 = 12.0 min, t2 = 13.3 
min (major). HRMS Calculated for C26H26NO2 (M+H)+ 384.1958, found: 384.1954. 

(R)-Benzyl 2-(1-hexyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ad): yield: 93%, colorless 
oil, unknown compound, ee: 93%, [α]20

D = -58.83 (c 1.03, CHCl3), Rf = 0.40 (hexanes/ethyl 
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acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.9 Hz, 1H), 7.30-7.09 (m, 12H), 6.98 (t, 
J = 7.3 Hz, 1H), 5.36 (s, 1H), 5.17 (dd, J = 27.8, 12.5 Hz, 2H), 4.11-3.96 
(m, 2H), 2.29 (s, 3H), 1.70 (dd, J = 14.7, 7.4 Hz, 2H), 1.37-1.21 (m, 6H), 
0.87 (t, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 173.2, 139.0, 
136.2, 134.6, 128.6, 128.5, 128.4, 128.3, 128.2, 127.2, 126.9, 120.8, 119.7, 

119.3, 109.1, 107.9, 66.8, 48.5, 43.6, 31.7, 30.3, 26.9, 22.8, 14.2, 10.9. HPLC (AS-H 
column, iPrOH/hexane 02/98, 0.7 mL/min, 254 nm): t1 = 9.0 min, t2 = 9.7 min (major). HRMS 
Calculated for C30H34NO2 (M+H)+ 440.2584, found: 440.2580. 

(R)-Benzyl 2-(2-methyl-1-(naphthalen-2-ylmethyl)-1H-indol-3-yl)-2-phenylacetate (3ae): 
yield: 96%, colorless oil, unknown compound, ee: 95%, [α]20

D = -32.73 (c 0.95, CHCl3), Rf = 
0.25 (hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 
7.80-7.66 (m, 2H), 7.62-7.49 (m, 2H), 7.44-7.35 (m, 2H), 7.32-7.15 (m, 
12H), 7.14-7.06 (m, 2H), 7.02 (t, J = 7.4 Hz, 1H), 5.42 (s, 1H), 5.41 (s, 
2H), 5.26-5.10 (m, 2H), 2.24 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 
173.2, 138.8, 136.9, 136.1, 135.4, 135.0, 133.5, 132.9, 128.9, 128.6, 128.5, 

128.5, 128.3, 128.2, 127.9, 127.8, 127.4, 127.0, 126.5, 126.1, 124.7, 124.3, 121.4, 119.8, 119.8, 
109.3, 108.8, 66.9, 48.5, 47.0, 10.9. HPLC (AD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 
nm): t1 = 20.9 min, t2 = 23.1 min (major). HRMS Calculated for C35H30NO2 (M+H)+ 496.2271, 
found: 496.2272. 

(R)-Benzyl 2-(1-(4-bromobenzyl)-2-methyl-1H-indol-3-yl)-2-phenylacetate (3af): yield: 
89%, colorless oil, unknown compound, ee: 93%, [α]20

D = -36.56 (c 0.93, CHCl3), Rf = 0.50 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 
8.0 Hz, 1H), 7.35-7.13 (m, 13H), 7.10 (t, J = 7.5 Hz, 1H), 7.01 (t, J = 7.4 
Hz, 1H), 6.76 (d, J = 8.3 Hz, 2H), 5.38 (s, 1H), 5.24-5.16 (m, 4H), 2.21 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ 173.1, 138.7, 136.9, 136.6, 136.0, 
134.7, 132.1, 128.6, 128.5, 128.5, 128.3, 128.3, 127.8, 127.4, 127.0, 121.5, 

121.3, 120.0, 119.9, 109.1, 109.0, 66.9, 48.4, 46.2, 10.9. HPLC (AS-H column, iPrOH/hexane 
05/95, 0.7 mL/min, 254 nm): t1 = 18.6 min, t2 = 20.1 min (major). HRMS Calculated for 
C31H27BrNO2 (M+H)+ 524.1220, found: 524.1217. 

(R)-Benzyl 2-(2-methyl-1-phenyl-1H-indol-3-yl)-2-phenylacetate (3ag): yield: 99%, color- 
less oil, known compound, [13] ee: 88%, [α]20

D = -45.32 (c 0.94, CHCl3) [lit.[13]: [α]20
D = -51.31 (c 

1.14, CHCl3) for 97% ee (R)], Rf = 0.35 (hexanes/ethyl acetate 20:1). 1H NMR 
(400 MHz, CDCl3) δ 7.53-7.37 (m, 4H), 7.35-7.18 (m, 12H), 7.10-6.99 (m, 
3H), 5.41 (s, 1H), 5.21 (q, J = 12.4 Hz, 2H), 2.17 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ 173.1, 138.7, 138.0, 137.8, 136.1, 135.2, 129.6, 128.6, 128.5, 128.5, 

128.5, 128.4, 128.3, 128.1, 127.3, 127.0, 121.5, 120.2, 119.7, 110.2, 109.4, 77.2, 66.9, 48.6, 11.7. 
HPLC (OD-H column, iPrOH/hexane 05/95, 0.7 mL/min, 254 nm): t1 = 12.5 min (major), t2 = 
14.0 min. 

(R)-Benzyl 2-(1-benzyl-2,5-dimethyl-1H-indol-3-yl)-2-phenylacetate (3ah): yield: 92%, 
colorless oil, unknown compound, ee: 94%, [α]20

D = -55.37 (c 1.06, CHCl3), Rf = 0.35 (hexanes 
/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.34-7.15 (m, 14H), 
7.09 (d, J = 8.3 Hz, 1H), 6.92 (d, J = 7.3 Hz, 3H), 5.38 (s, 1H), 5.30-5.12 
(m, 4H), 2.33 (s, 3H), 2.20 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.3, 
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138.9, 138.0, 136.2, 135.2, 135.0, 129.0, 128.6, 128.5, 128.5, 128.3, 128.2, 127.6, 127.4, 126.9, 
126.1, 122.9, 119.4, 109.0, 108.1, 66.9, 48.4, 46.8, 21.7, 10.9. HPLC (AS-H 
column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 9.3 min, t2 = 11.9 min (major). HRMS 
Calculated for C32H30NO2 (M+H)+ 460.2271, found: 460.2269. 

(R)-Benzyl 2-(1-benzyl-5-methoxy-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ai): yield: 
84%, colorless oil, unknown compound, ee: 91%, [α]20

D = -49.60 (c 1.00, CHCl3), Rf = 0.20 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.35-7.14 (m, 
13H), 7.08 (d, J = 8.8 Hz, 1H), 6.85-6.95 (m, 3H), 6.80-6.70 (m, 1H), 
5.37 (s, 1H), 5.25 (s, 2H), 5.19 (s, 2H), 3.63 (s, 3H), 2.22 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ 173.2, 154.2, 138.7, 138.0, 136.1, 135.5, 

132.0, 129.0, 128.6, 128.5, 128.5, 128.2, 127.7, 127.4, 127.0, 126.0, 111.2, 110.0, 108.2, 101.9, 
66.8, 55.8, 48.5, 46.9, 11.0. HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 
= 12.7 min, t2 = 14.9 min (major). HRMS Calculated for C32H30NO3 (M+H)+ 476.2220, found: 
476.2235. 

(R)-Benzyl 2-(1-benzyl-5-fluoro-2-methyl-1H-indol-3-yl)-2-phenylacetate (3aj): yield: 89%, 
yellowish oil, unknown compound, ee: 90%, [α]20

D = -31.70 (c 1.00, CHCl3), Rf = 0.30 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.29-7.17 (m, 
13H), 7.15-7.05 (m, 2H), 6.95-6.87 (m, 2H), 6.81 (td, J = 9.0, 2.5 Hz, 1H), 
5.33 (s, 1H), 5.26 (s, 2H), 5.19 (s, 2H), 2.24 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ 172.9, 157.5 (d, J = 233 Hz), 138.4, 137.6, 136.7, 136.0, 133.3, 

129.1, 128.6, 128.6, 128.4, 128.3, 128.3, 127.6 (d, J = 9.9 Hz), 127.6, 127.1, 126.0, 109.8 (d, J = 
9.6 Hz), 109.5(d, J = 26 Hz), 108.8(d, J = 5.0 Hz), 105.1 (d, J = 24 Hz), 67.0, 48.5, 47.0, 11.0. 19F 
NMR (376 MHz, CDCl3) δ -124.37. HPLC (AD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 
nm): t1 = 17.0 min (major), t2 = 17.9 min. HRMS Calculated for C31H27FNO2 (M+H)+ 464.2020, 
found: 464.2029. 

(R)-Benzyl 2-(1-benzyl-1H-indol-3-yl)-2-phenylacetate (3ak): yield: 90%, colorless oil, 
known compound,[13] ee: 64%, [α]20

D = -20.10 (c 0.96, CHCl3) [lit.[13]: [α]20
D = -4.20 (c 1.12, 

CHCl3) for 12% ee (R)], Rf = 0.35 (hexanes/ethyl acetate 20:1). 1H NMR (400 
MHz, CDCl3) δ 7.46-7.35 (m, 3H), 7.34-7.16 (m, 12H), 7.15-7.07 (m, 2H), 
7.06-6.95 (m, 3H), 5.32 (s, 1H), 5.23 (s, 2H), 5.17 (q, J = 12.4 Hz, 2H). 13C 
NMR (100 MHz, CDCl3) δ 172.9, 138.7, 137.6, 136.8, 136.0, 128.9, 128.7, 

128.7, 128.3, 127.7, 127.6, 127.5, 127.4, 126.8, 122.2, 119.7, 119.5, 112.7, 110.0, 67.0, 50.3, 49.2. 
HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 13.1 min (major), t2 = 
14.6 min. 

(R)-Methyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ba): yield: 88%, color- 
less oil, unknown compound, ee: 92%, [α]20

D = -64.25 (c 1.08, CHCl3), Rf = 0.20 (hexanes/ethyl 
acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 7.8 Hz, 1H), 
7.33-7.16 (m, 9H), 7.13-7.00 (m, 2H), 6.95 (d, J = 7.2 Hz, 2H), 5.34 (s, 1H), 
5.29 (s, 2H), 3.72 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.9, 
138.9, 137.8, 136.8, 134.9, 129.0, 128.5, 128.4, 127.5, 127.3, 127.0, 126.1, 

121.3, 119.8, 119.7, 109.3, 108.7, 52.4, 48.4, 46.8, 10.9. HPLC (IC column, iPrOH/hexane 10/90, 
0.7 mL/min, 254 nm): t1 = 9.9 min, t2 = 11.7 min (major). HRMS Calculated for C25H24NO2 
(M+H)+ 370.1802, found: 370.1802. 
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(R)-Ethyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ca): yield: 91%, colorless 
oil, unknown compound, ee: 91%, [α]20

D = -44.20 (c 1.00, CHCl3), Rf = 0.20 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) 1H NMR (400 MHz, 
CDCl3) δ 7.53 (d, J = 7.8 Hz, 1H), 7.32-7.17 (m, 9H), 7.14-6.99 (m, 2H), 6.95 
(d, J = 6.7 Hz, 2H), 5.33 (s, 1H), 5.31 (s, 2H), 4.27-4.13 (m, 2H), 2.28 (s, 3H), 

1.21 (t, J = 7.2 Hz, 3H) 13C NMR (100 MHz, CDCl3) δ 173.3, 139.1, 137.9, 136.8, 134.9, 128.9, 
128.4, 128.4, 127.4, 127.4, 126.9, 126.1, 121.2, 119.8, 119.7, 109.3, 108.8, 61.2, 48.5, 46.7, 14.4, 
10.9. HPLC (AD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 9.6 min, t2 = 10.1 
min (major). HRMS Calculated for C26H26NO2 (M+H)+ 384.1958, found: 384.1953. 

(R)-Isopropyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3da): yield: 81%, 
colorless oil, unknown compound, ee: 84%, [α]20

D = -28.98 (c 1.08, CHCl3), Rf = 0.35 (hexanes 
/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.9 Hz, 1H), 
7.33-7.17 (m, 9H), 7.13-6.98 (m, 2H), 6.93 (d, J = 6.7 Hz, 2H), 5.31 (s, 2H), 
5.30 (s, 1H), 5.08 (dt, J = 12.5, 6.2 Hz, 1H), 2.28 (s, 3H), 1.23 (d, J = 6.2 Hz, 
3H), 1.14 (d, J = 6.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 172.8, 139.1, 

138.0, 136.8, 134.9, 129.0, 128.4, 127.4, 126. 8, 126.0, 121.2, 120.0, 119.6, 109.2, 109.0, 68.6, 
48.8, 46.7, 22.0, 21.9, 11.0. HPLC (OD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 
= 10.6 min, t2 = 11.7 min (major). HRMS Calculated for C27H28NO2 (M+H)+ 398.2115, found: 
398.2113. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-p-tolylacetate (3ea): yield: 85%, colorless 
oil, unknown compound, ee: 85%, [α]20

D = -39.49 (c 0.98, CHCl3), Rf = 0.35 (hexanes/ethyl 
acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 7.9 Hz, 1H), 
7.34-7.13 (m, 11H), 7.12-6.84 (m, 6H), 5.35 (s, 1H), 5.26 (s, 2H), 5.22-5.10 
(m, 2H), 2.29 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.3, 
137.9, 136.8, 136.5, 136.2, 135.8, 134.8, 129.2, 129.0, 128.5, 128.4, 128.3, 
128.2, 127.4, 127.4, 126.1, 121.3, 119.8, 119.7, 109.2, 108.8, 66.8, 48.1, 46.7, 
21.2, 10.9. HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): 

t1 = 10.5 min, t2 = 12.0 min (major). HRMS Calculated for C32H30NO2 (M+H)+ 460.2271, found: 
460.2272. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-m-tolylacetate (3fa): yield: 90%, colorless 
oil, unknown compound, ee: 93%, [α]20

D = -43.07 (c 1.04, CHCl3), Rf = 0.35 (hexanes/ethyl 
acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 7.8 Hz, 1H), 
7.35-6.97 (m, 15H), 6.96-6.88 (m, 2H), 5.36 (s, 1H), 5.28 (s, 2H), 5.23-5.11 
(m, 2H), 2.26 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.2, 
138.7, 138.0, 137.9, 136.8, 136.2, 134.9, 129.2, 129.0, 128.6, 128.3, 128.3, 
128.2, 127.7, 127.4, 126.1, 125.5, 121.3, 119.7, 109.2, 108.8, 66.8, 48.4, 46.7, 

21.7, 10.9. HPLC (AS-H column, iPrOH/hexane 05/95, 0.7 mL/min, 254 nm): t1 = 12.5 min, t2 = 
13.5 min (major). HRMS Calculated for C32H30NO2 (M+H)+ 460.2271, found: 460.2274. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-o-tolylacetate (3ga): yield: 58%, colorless 
oil, unknown compound, ee: 58%, [α]20

D = -31.04 (c 1.06, CHCl3), Rf = 0.35 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 7.9 Hz, 
1H), 7.30-6.97 (m, 15H), 6.92 (d, J = 7.5 Hz, 2H), 5.41 (s, 1H), 5.31 (s, 2H), 
5.24-5.10 (m, 2H), 2.24 (s, 3H), 2.19 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 
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173.1, 137.9, 137.0, 136.7, 136.1, 134.8, 130.6, 129.0, 128.6, 128.4, 128.4, 128.2, 127.7, 127.5, 
127.3, 126.1, 126.0, 121.3, 119.8, 119.5, 109.3, 107.9, 66.9, 46.7, 46.5, 19.9, 10.8. HPLC (AS-H 
column, iPrOH/hexane 05/95, 0.7 mL/min, 254 nm): t1 = 12.1 min, t2 = 13.3 min (major). HRMS 
Calculated for C32H30NO2 (M+H)+ 460.2271, found: 460.2274. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(4-methoxyphenyl)acetate (3ha): yield: 
84%, colorless oil, unknown compound, ee: 37%, [α]20

D = -16.41 (c 1.00, CHCl3), Rf = 0.40 
(hexanes/ethyl acetate 10:1). 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 7.8 
Hz, 1H), 7.32-7.15 (m, 11H), 7.13-7.06 (m, 1H), 7.05-6.97 (m, 1H), 
6.97-6.89 (m, 2H), 6.85-6.76 (m, 2H), 5.33 (s, 1H), 5.30 (s, 2H), 5.23-5.10 
(m, 2H), 3.75 (s, 3H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.5, 
158.5, 137.9, 136.8, 136.2, 134.8, 130.9, 129.5, 129.0, 128.6, 128.3, 128.2, 
127.5, 127.3, 126.1, 121.3, 119.8, 119.8, 113.9, 109.3, 108.9, 66.8, 55.4, 47.7, 

46.7, 10.9. HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 15.5 min, t2 = 
18.2 min (major). HRMS Calculated for C32H30NO3 (M+H)+ 476.2220, found: 476.2225. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(3-methoxyphenyl)acetate (3ia): yield: 
95%, colorless oil, unknown compound, ee: 95%, [α]20

D = -46.90 (c 1.00, CHCl3), Rf = 0.25 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 
7.8 Hz, 1H), 7.26-7.16 (m, 11H), 7.13-6.97 (m, 2H), 6.95-6.81 (m, 4H), 
6.75 (dd, J = 8.2, 2.2 Hz, 1H), 5.37 (s, 1H), 5.27 (s, 2H), 5.24-5.08 (m, 
2H), 3.65 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 173.0, 
159.7, 140.4, 137.9, 136.8, 136.1, 134.9, 129.4, 129.0, 128.6, 128.3, 128.2, 

127.4, 127.4, 126.1, 121.3, 120.9, 119.8, 119.7, 114.3, 112.3, 109.3, 108.6, 66.8, 55.2, 48.4, 46.7, 
10.9. HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 15.1 min, t2 = 16.7 
min (major). HRMS Calculated for C32H30NO3 (M+H)+ 476.2220, found: 476.2223. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(4-chlorophenyl)acetate (3ja): yield: 79%, 
colorless oil, unknown compound, ee: 94%, [α]20

D = -60.31 (c 0.95, CHCl3), Rf = 0.30 (hexanes/ 
ethyl acetate 10:1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.9 Hz, 1H), 
7.30-6.97 (m, 15H), 6.92 (d, J = 7.2 Hz, 2H), 5.32 (s, 1H), 5.29 (s, 2H), 
5.22-5.10 (m, 2H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 172.8, 137.7, 
137.3, 136.8, 135.9, 135.0, 132.8, 129.9, 129.0, 128.6, 128.6, 128.3, 127.5, 
127.1, 126.1, 121.5, 119.9, 119.6, 109.4, 108.2, 67.0, 47.8, 46.8, 10.9. HPLC 
(OD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 18.5 min, t2 

= 22.1 min (major). HRMS Calculated for C31H27ClNO2 (M+H)+ 480.1725, found: 480.1723. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(2-chlorophenyl)acetate (3ka): yield: 
96%, colorless oil, unknown compound, ee: 84%, [α]20

D = -134.77 (c 0.92, CHCl3), Rf = 0.35 
(hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) 1H NMR (400 MHz, 
CDCl3) δ 7.53 (d, J = 7.9 Hz, 1H), 7.38 (dd, J = 7.8, 1.2 Hz, 1H), 7.26-7.05 (m, 
13H), 7.05-6.98 (m, 1H), 6.94-6.88 (m, 2H), 5.63 (s, 1H), 5.29 (s, 2H), 5.17 
(dd, J = 28.0, 12.5 Hz, 2H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 172.2, 
137.7, 136.8, 136.7, 136.0, 135.2, 134.5, 130.5, 129.5, 129.0, 128.6, 128.5, 

128.3, 128.2, 127.5, 127.4, 126.9, 126.0, 121.4, 120.0, 119.5, 109.4, 107.1, 67.0, 46.8, 46.5, 10.8. 
HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 10.0 min, t2 = 11.2 min 
(major). HRMS Calculated for C31H27ClNO2 (M+H)+ 480.1725, found: 480.1728. 
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(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(4-bromophenyl)acetate (3la): yield: 
87%, colorless oil, unknown compound, ee: 95%, [α]20

D = -48.12 (c 1.01, 
CHCl3), Rf = 0.30 (hexanes/ethyl acetate 20:1). 1H NMR (400 MHz, CDCl3) 
δ 7.45 (d, J = 7.9 Hz, 1H), 7.37 (d, J = 8.3 Hz, 2H), 7.32-7.06 (m, 12H), 7.01 
(t, J = 7.5 Hz, 1H), 6.95-6.86 (m, 2H), 5.30 (s, 1H), 5.28 (s, 2H), 5.22-5.10 (m, 
2H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 172.7, 137.8, 137.7, 136.8, 
135.9, 135.0, 131.5, 130.3, 129.0, 128.6, 128.3, 127.5, 127.1, 126.1, 121.5, 

120.9, 119.9, 119.6, 109.4, 108.1, 67.0, 47.9, 46.8, 10.9. HPLC (AS-H column, iPrOH/hexane 
05/95, 0.7 mL/min, 254 nm): t1 = 16.2 min, t2 = 17.6 min (major). HRMS Calculated for 
C31H27BrNO2 (M+H)+ 524.1220, found: 524.1240. 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-(naphthalen-2-yl)acetate (3ma): yield: 
97%, white solid, known compound,[13] ee: 94%, [α]20

D = -26.04 (c 0.96, CHCl3) [lit.[13]: [α]20
D = 

-26.73 (c 1.10, CHCl3) for 95% ee (R)], Rf = 0.25 (hexanes/ethyl acetate 
20:1). 1H NMR (400 MHz, CDCl3) δ 7.89-7.60 (m, 4H), 7.52 (d, J = 7.9 Hz, 
1H), 7.47-7.34 (m, 3H), 7.33-7.17 (m, 9H), 7.10 (t, J = 7.4 Hz, 1H), 
7.05-6.88 (m, 3H), 5.55 (s, 1H), 5.31 (s, 2H), 5.29-5.15 (m, 2H), 2.25 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ 173.1, 137.9, 136.8, 136.4, 136.1, 
135.1, 133.4, 132.6, 129.0, 128.6, 128.4, 128.3, 128.2, 128.1, 127.7, 127.5, 

127.5, 127.1, 126.7, 126.1, 126.1, 125.9, 121.4, 119.9, 119.7, 109.3, 108.6, 67.0, 48.6, 46.8, 11.0. 
HPLC (AS-H column, iPrOH/hexane 10/90, 0.7 mL/min, 254 nm): t1 = 13.9 min, t2 = 18.8 min 
(major). 

(R)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)propanoate (3na): yield: 65%, colorless oil, 
unknown compound, ee: 49%, [α]20

D = -20.67 (c 0.60, CHCl3), Rf = 0.35 (hexanes/ethyl acetate 
20:1). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.8 Hz, 1H), 7.39-7.16 (m, 
9H), 7.16-7.05 (m, 2H), 7.03-6.88 (m, 2H), 5.31 (s, 2H), 5.13 (s, 2H), 2.32 (s, 
3H), 1.67 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 175.0, 138.0, 
136.8, 136.5, 133.3, 129.0, 128.5, 128.1, 128.0, 127.4, 126.7, 126.1, 121.2, 

119.6, 119.3, 111.1, 109.3, 66.4, 46.7, 37.2, 17.6, 10.6. HPLC (AD-H column, iPrOH/hexane 
10/90, 0.7 mL/min, 254 nm): t1 = 10.5 min, t2 = 12.9 min (major). HRMS Calculated for 
C26H26NO2 (M+H)+ 384.1958, found: 384.1958. 
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7. Copy of NMR and HPLC for Racemic and Chiral Compounds 
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