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1. General 

All manipulations were carried out under predried nitrogen. NMR spectra were recorded on a 
Varian spectrometer (300 MHz for 1H, and 100 MHz for 13C). Chemical shifts are reported in δ 
ppm referenced to an internal SiMe4 standard for 1H NMR and chloroform-d (δ 77.05) for 13C 
NMR. HPLC was performed on a JASCO 2000 instrument by using Daicel columns. 

 
2. General Procedure for Cu(OTf)2-catalyzed Friedel-Crafts Reaction of Indoles with 
N-tert-Butanesulfinylimino Ester 
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Under nitrogen atmosphere, Cu(OTf)2 (0.0375 mmol, 15 mol%) was placed into a glass reaction 
vessel, glyoxylate imine (0.25 mmol) in 2 mL of CH2Cl2 and indole (0.375 mmol) were added 
successively. The mixture was stirred at room temperature and monitored by TLC. When the 
reaction was over, a saturated aq. NH4Cl was added and the mixture was extracted with CH2Cl2 
(10 mL×3). The combined organic phase was dried over Na2SO4, filtered, and concentrated. The 
residue was purified by silica gel flash chromatography to afford the corresponding 
α-(3-indolyl)glycine product. 

 
3. Determination of the Diastereoselectivity / Enantiomeric Excess. 
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The diastereoselectivities of the α-(3-indolyl)glycine products could be roughly determined by 
their crude 1H NMR. For accuracy, enantiomeric excesses were determined by chiral HPLC 
analysis of their acetate or benzoate derivatives after the removal of sulfinyl. 
α-(3-Indolyl)glycines 3b, 3d, 3g and 3k were converted to the corresponding benzoate, all others 
were converted to their acetate. The HPLC reference compound for 3e, 3g was a mixture of 
related products consisting of R and S enantiomers. Others were obtained by the same 
Friedel-Crafts reaction of indoles with N-tert-butanesulfinylimino ester catalyzed by AgNO3. 
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4. Characterization and HPLC of the Obtained Chiral α-(3-Indolyl)glycines 

1H NMR (300 MHz, CDCl3): δ 1.17 (t, J = 6.9 Hz, 3H), 1.21 (s, 9H), 
4.09-4.26 (m, 2H), 4.53 (d, J = 4.5 Hz, 1H), 5.3 (d, J = 4.8 Hz, 1H), 7.10 (t, J 
= 6.9 Hz, 1H), 7.16-7.21 (m, 2H), 7.35 (d, J = 8.1 Hz, 1H), 7.62 (d, J = 7.8 
Hz, 1H), 8.92 (bs, 1H, NH); 13C NMR (100 MHz, CDCl3) 13.9, 22.6, 54.3, 
55.7, 61.9, 111.0, 111.5, 119.4, 119.7, 122.3, 124.3, 125.5, 136.6, 171.9. 
EI-MS (m/z, %): 322 (M+), 249, 202 (100), 193, 174, 143; HRMS (EI) for 

C16H22N2O3S: calcd 322.1351, found 322.1344.  
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 16.8 min, 30.7 min (maj). 

 

 
 

N
H

COOEt
HN

S
O

3a

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2010



1H NMR (300 MHz, CDCl3): δ 1.18-1.22 (m, 12H), 3.77 (s, 3H), 4.07-4.31 
(m, 2H), 4.48 (d, J = 4.8 Hz, 1H), 5.29 (d, J = 4.8 Hz, 1H), 7.08-7.13 (m, 2H), 
7.21-7.32 (m, 2H), 7.62 (d, J = 8.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) 
13.4, 22.6, 32.8, 54.1, 55.6, 61.9, 109.4, 109.9, 119.5, 119.7, 122.0, 126.0, 
128.4, 137.3, 171.9; EI-MS (m/z, %): 336 (M+), 263, 231, 216 (100), 188, 
157; HRMS (EI) for C17H24N2O3S: calcd 336.1508, found 336.1505. 

HPLC: Chiracel AS-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80/20; 
flow = 0.7 mL/min; Retention time: 19.3 min (maj), 27.9 min. 
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1H NMR (300 MHz, CDCl3): δ 1.14 (t, J = 7.5 Hz, 3H), 1.16 (s, 9H), 2.46 (s, 
3H), 4.03-4.27 (m, 2H), 4.53 (d, J = 1.5 Hz, 1H), 5.3 (d, J = 2.4 Hz, 1H), 7.03 
(t, J = 6.9 Hz, 1H), 7.11 (t, J = 7.2 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.49 (d, 
J = 7.5 Hz, 1H), 8.20 (bs, 1H, NH); 13C NMR (100 MHz, CDCl3) : 11.7, 14.0, 
22.6, 52.6, 55.4, 61.9, 106.6, 110.4, 118.9, 119.7, 121.3, 126.6, 134.7, 135.2, 
171.8; EI-MS (m/z, %): 336 (M+), 263, 217, 216 (100), 188, 170, 158; HRMS 

(EI) for C17H24N2O3S: calcd 336.1508, found 336.1511. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 20.1 min (maj), 22.4 min. 
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1H NMR (300 MHz, CDCl3): δ 1.10 (t, J = 7.2 Hz, 3H), 1.13 (s, 9H), 
4.00-4.22 (m, 2H), 4.60 (d, J = 2.7 Hz, 1H), 5.45 (d, J = 2.7 Hz, 1H), 
7.08-7.23 (m, 2H), 7.36-7.50 (m, 4H), 7.66-7.74 (m, 3H), 8.40 (bs, 1H, NH); 
13C NMR (100 MHz, CDCl3): 13.9, 22.5, 53.3, 55.5, 61.9, 107.1, 111.1, 120.0, 
120.1, 122.4, 126.8, 128.5, 128.7, 128.9, 131.8, 135.8, 138.2, 171.7. EI-MS 
(m/z, %): 398 (M+), 325, 278 (100), 219, 204, 193; HRMS (EI) for 

C22H26N2O3S: calcd 398.1664, found 398.1672. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70/30; 
flow = 0.7 mL/min; Retention time: 12.7 min, 18.4 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.12 (t, J = 7.2 Hz, 3H), 1.14 (s, 9H), 
4.00-4.19 (m, 2H), 4.52 (d, J=2.4 Hz, 1H), 5.12 (d, J = 2.4 Hz, 1H), 7.10-7.46 
(m, 5H), 7.67-7.72 (m, 3H), 8.36 (bs, 1H, NH); 13C NMR (100 MHz, CDCl3) 
14.0, 22.6, 53.3, 55.5, 62.0, 109.2, 111.1, 120.1, 120.3, 122.7, 124.2, 125.7, 
127.6, 130.7, 132.4, 133.1, 133.2, 135.6, 136.5, 171.5; EI-MS (m/z, %): 476 
(M+), 405, 356 (100), 299, 284; HRMS (EI) for C22H25BrN2O3S: calcd 

476.0769, found 476.0767. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 30.7 min, 35.2 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.12-1.17 (m, 12H), 4.11-4.27 (m, 2H), 
4.72 (d, J = 3.6 Hz, 1H), 5.58 (d, J = 3.6 Hz, 1H), 7.10 (t, J = 7.2 Hz, 1H), 
7.22-7.37 (m, 5H), 7.56-7.61 (m, 3H), 8.43 (bs, 1H, NH); 13C NMR (100 
MHz, CDCl3): 14.0, 22.6, 53.5, 55.8, 62.2, 79.6, 96.4, 111.1, 116.8, 119.0, 
119.5, 120.7, 122.2, 123.9, 125.4, 128.4, 128.8, 131.6, 135.9, 171.4; EI-MS 
(m/z, %): 422 (M+), 349, 303, 302 (100), 244. HRMS (EI) for 

C24H26N2O3S: calcd 422.1664, found 422.1663. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 21.8 min (maj), 32.0 min. 
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1H NMR (300 MHz, CDCl3): δ 1.20-1.25 (m, 12H), 4.17-4.29 (m, 2H), 4.41 
(bs, 1H), 5.86 (bs, 1H), 7.01 (t, J = 7.8 Hz, 1H), 7.26-7.35 (m, 3H), 9.46 (bs, 
1H, NH); 13C NMR (100 MHz, CDCl3): 14.0, 22.7, 53.8, 56.1, 61.9, 111.1, 
111.9, 113.5, 123.1, 124.3, 124.5, 126.1 (bs), 138.0, 172.6; EI-MS (m/z, %): 
400 (M+), 282 (100), 281, 210. HRMS (EI) for C16H21BrN2O3S: calcd 
400.0456, found 400.0454. 

HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70/30; 
flow = 0.7 mL/min; Retention time: 12.9 min, 38.6 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.19 (t, J = 7.2 Hz, 3H), 1.21 (s, 9H), 
2.42 (s, 3H), 4.10-4.27 (m, 2H), 4.49 (d, J = 4.5 Hz, 1H), 5.28 (d, J = 4.5 
Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 2.4 Hz, 1H), 7.24 (d, J = 
8.1 Hz, 1H), 7.42 (s, 1H), 8.57 (bs, 1H, NH); 13C NMR (100 MHz, 
CDCl3): 13.4, 21.5, 22.6, 54.4, 55.7, 61.9, 110.8, 111.1, 119.1, 124.0, 
124.2, 125.8, 129.1, 134.9, 171.9; EI-MS (m/z, %): 336 (M+), 263, 231, 

217, 216 (100), 188, 158, 157, 142. HRMS (EI) for C17H24N2O3S: calcd 336.1508, found 
336.1512. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 14.1 min, 37.6 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.19 (t, J = 7.5 Hz, 3H), 1.22 (s, 9H), 
3.82 (s, 3H), 4.12-4.27 (m, 2H), 4.49 (d, J = 4.8 Hz, 1H, NH), 5.28 (d, J 
= 4.8 Hz, 1H), 6.84 (dd, J = 9.0, 2.4 Hz, 1H), 7.08 (d, J = 2.4 Hz, 1H), 
7.16 (d, J = 2.4 Hz, 1H), 7.24 (s, 1H), 8.67 (bs, 1H, NH); 13C NMR 
(100 MHz, CDCl3): 14.0, 22.6, 54.3, 55.7, 62.0, 101.1, 110.8, 112.2, 
112.8, 124.8, 126.0, 131.7, 154.1, 171.8; EI-MS (m/z, %): 353 (M++H), 

352 (M+),  279, 232 (100), 223, 204, 173. HRMS (EI) for C17H24N2O4S: calcd 352.1457, found 
352.1464. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 19.5 min, 46.8 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.19 (t, J = 7.2 Hz, 3H), 1.22 (s, 9H), 
4.11-4.28 (m, 2H), 4.50 (d, J = 4.2 Hz, 1H), 5.26 (d, J = 4.2 Hz, 1H), 6.95 
(td, J = 8.7, 2.4 Hz, 1H), 7.25-7.31 (m, 3H), 8.73 (bs, 1H, NH); 13C NMR 
(100 MHz, CDCl3): 14.0, 22.6, 54.1, 55.8, 62.1, 104.4, 104.7, 110.8, 111.1, 
111.4, 112.1, 112.2, 125.8, 126.0, 133.1, 156.6, 159.0, 171.5; EI-MS (m/z, 
%): 340 (M+), 267, 220 (100), 211, 192, 161. HRMS (EI) for C16H21FN2O3S: 

calcd 340.1257, found 340.1252. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 87/13; 
flow = 0.7 mL/min; Retention time: 17.8 min, 37.4 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.20 (t, J = 7.2 Hz, 3H), 1.23 (s, 9H), 
4.12-4.28 (m, 2H), 4.50 (d, J = 4.2 Hz, 1H), 5.26 (d, J = 4.2 Hz, 1H), 7.14 
(dd, J = 8.7, 2.1 Hz, 1H), 7.23 (d, J = 2.7 Hz, 1H), 7.27 (d, J = 8.7 Hz, 
1H), 7.61 (d, J = 1.8 Hz, 1H), 8.74 (bs, 1H, NH); 13C NMR (100 MHz, 
CDCl3): 14.0, 22.6, 54.0, 55.8, 62.2, 111.1, 112.5, 119.2, 122.8, 125.6, 
125.7, 126.5, 135.0, 171.4; EI-MS (m/z, %): 356 (M+), 283, 236 (100); 

HRMS (EI) for C16H21ClN2O3S: calcd 356.0961, found 356.0954. 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 75/25; 
flow = 0.7 mL/min; Retention time: 10.6 min, 14.9 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.19 (td, J = 6.9, 1.5 Hz, 3H), 1.23 (s, 9H), 
4.11-4.26 (m, 2H), 4.51 (d, J = 4.5 Hz, 1H), 5.26 (d, J = 4.5 Hz, 1H), 
7.18-4.29 (m, 3H), 7.77 (s, 1H), 9.12 (bs, 1H, NH); 13C NMR (100 MHz, 
CDCl3): 13.4, 22.6, 54.1, 55.9, 61.2, 110.7, 113.0, 113.1, 122.2, 125.3, 
125.6, 127.1, 135.3, 171.5; EI-MS (m/z, %): 403, 283, 280 (100), 271, 
254, 223; HRMS (EI) for C16H22BrN2O3S (M+ + H): calcd 401.0535, 

found 401.0530.  
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 13.2 min, 21.6 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.18 (t, J = 7.2 Hz, 3H), 1.21 (s, 9H), 
4.11-4.27 (m, 2H), 4.50 (d, J = 4.2 Hz, 1H), 5.28 (d, J = 4.2 Hz, 1H), 6.87 
(td, J = 9.0, 2.1 Hz, 1H), 7.04 (dd, J = 9.6, 2.4 Hz, 1H), 7.19 (d, J = 9, 2.7 
Hz, 1H), 7.52-7.57 (m, 1H), 8.71 (bs, 1H, NH); 13C NMR (100 MHz, 
CDCl3): 14.0, 22.6, 54.1, 55.7, 62.1, 97.7, 97.9, 108.6, 108.9, 111.5, 120.3, 
120.4, 122.0, 124.6, 136.6, 136.7, 158.9, 161.2, 171.6; EI-MS (m/z, %): 

340 (M+), 267, 220 (100), 211, 192, 161; HRMS (EI) for C16H21FN2O3S: calcd 340.1257, found 
340.1262.  
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85/15; 
flow = 0.7 mL/min; Retention time: 16.1 min, 30.0 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.26-1.31 (m, 12H), 4.18-4.31 (m, 2H), 4.43 (d, J 
= 6.3 Hz, 1H), 5.15 (d, J = 6.3 Hz, 1H), 6.15-6.17 (m, 2H), 6.78 (d, J = 2.1 Hz, 
1H), 8.71 (bs, 1H, NH); 13C NMR (100 MHz, CDCl3): 14.0, 22.6, 54.6, 56.3, 
62.2, 107.7, 108.6, 118.8, 126.1, 170.5. EI-MS (m/z, %): 272 (M+), 167, 152 
(100), 96; HRMS (EI) for C12H20N2O3S: calcd 272.1195, found 272.1182.  

HPLC: Chiracel OD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 12.5 min, 16.4 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.24 (s, 9H), 1.27 (t, J = 7.2 Hz, 3H), 3.61 (s, 
3H), 4.19-4.33 (m, 2H), 4.38 (d, J = 6.0 Hz, 1H), 5.07 (d, J = 5.4 Hz, 2H), 
6.06-6.11 (m, 2H), 6.63 (s, 1H); 13C NMR (100 MHz, CDCl3) 14.0, 22.6, 34.1, 
54.0, 56.0, 62.2, 107.1, 109.6, 124.0, 126.6, 170.7; EI-MS (m/z, %): 286 (M+), 
181, 166 (100), 152, 138, 107; HRMS (EI) for C13H22N2O3S: calcd 286.1351, 

found 286.1344.  
HPLC: Chiracel OD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 22.6 min, 27.0 min (maj). 
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