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1. General

'H NMR spectra were recorded on commerical instruments (400 MEt®mical
shifts were reported in ppm from tetramethylsilane with tileesit resonance as the
internal standard (CDgland DMSOe€). Spectra are reported as follows: chemical
shift 6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, g = gag m =
multiplet), coupling constants (Hz), integration, and assignmé&@tNMR spectra
were collected on commerical instruments (100 MHz) with compfai@on
decoupling. Chemical shifts are reported in ppm from the tethets#ane with the
solvent resonance as internal standard (GCHld DMSOe€s). The enantiomeric
excesses were determined by HPLC analysis on chiral DAICEIRALCEL AS-H
and OD-H column. Optical rotations were measured on a commpoleaimeter and
reported as follows: o] o (c = g/100 mL, solvent). Reagents obtained from
commercial sources were used without further purificatforhydrousCH,Cl, were
distilled over CaH respectively before use. ChixgN'-dioxide ligandsla-f were
prepared according to the literature procedtres.

2. Typical procedurefor the enantioselective Friedel-Craftsreaction.

HO
11 mol% 1e
o 10 mol% Sc(OTf)s ~ COOEt
e\ 2-CICgH4COH 7NN
R—— + | OEt o R+
ZN o) CH,Cl,, -20 °C ZN
H H
2 3 4

To a test tubelN,N’-dioxide 1e (0.011 mmol), Sc(OT$)(0.01 mmol), indole (0.1
mmol), o-chlorobenzoic acid (0.01 mmol) was added under nitrogen. Then 0.5 mL
CH,CI, was added and stirred at°@0for 1h. Subsequently, ethyl glyoxyle8g0.15
mmol) was added under -ZD, and the reaction was stirred for further 12 - 148 h. The
3- indolyl(hydroxyl)acetates were directly purified by colurtimromatography on
silica gel (ethyl acetate / petroleum ether 1:2 —.1:3)

HO 4a: colorless oil, The material was determined to be of 95% ee
COOEt py chiral HPLC analysis [Chiralpak AS-H, 80:20
N\ n-hexanePrOH, 1.0 mL/mint (major) = 11.33 mint, (minor)
N = 16.33 min]; {]p>°= +77.8 (c = 3.02 in CHCl,). 'H NMR

(400 MHz, CDCY): & 8.29 (s, 1H), 7.71 (d,= 8.0 Hz, 1H), 7.33
(t, J = 8.0 Hz, 1H), 7.26-7.12 (m, 3H), 5.47 @®= 6.0 Hz, 1H), 4.33-4.25 (m, 1H),
4.21-4.13 (m, 1H), 3.38 (s, 1H), 1.34-1.20) = 6.0 Hz, 3H):*C NMR (100 MHz,

CDCl) 6 174.1, 136.5, 123.2, 122.6, 12Q.219.5, 114.0, 111.3, 67.3, 62.8, 14.1.
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H 4bh: colorless oil, The material was determined to be of 86%

ee by chiral HPLC analysis [Chiralpak AS-H, 80r2BexanefPrOH, 1.0 mL/min, t;
(major) = 9.74 mint, (minor) = 11.80 min]; ]o*°= +58.2 (c = 3.68 in CHCL,). 'H

NMR (400 MHz, CDCY): & 8.16 (s, 1H), 7.53 (d = 8.0 Hz, 1H), 7.27 (] = 8.0 Hz,

1H), 7.18(d, 1H), 7.12 (m, 1H), 5.46 (s, 1H), 4.35-4.29 (m, 1H), 4.24-4.18 (m, 1H),
2.45(s, 3H), 1.27-1.24 @,= 7.0 Hz, 3H)*C NMR (100 MHz, CDCJ) & 174.1, 134.8,
129.5, 125.6, 124.2, 123.3, 119.1, 113.4, 111.0, 67.4, 62.0, 21.5, 14.1.
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Me 4c: colorless oil, The material was determined to b8486 ee by

chiral HPLC analysis [Chiralpak AS-H, 80:20hexanePrOH, 1.0 mL/min,t;
(major) = 10.46 mint, (minor) = 14.85 min]; ¢]p*°= +83.9 (c = 4.10 in CHCL,). *H

NMR (400 MHz, CDCY): & 8.13 (s, 1H), 7.51 (dJ = 8.0 Hz, 1H), 7.21 (s, 1H),
7.03-6.96 (M, 2H), 5.40 (d,= 6.0 Hz, 1H), 4.27-4.24 (m, 1H), 4.22-4.04 (m, 1H), 3.25
(s, 1H), 2.42(s, 3H), 1.20-1.17 &= 7.0 Hz, 3H);*C NMR (100 MHz, CDCJ) &

174.1, 136.1, 124.9, 124.6, 123.0, 120.5, 117.9, 117.2, 114.5, 67.4, 62.6, 16.6, 14.1;
ESI-HRMS Calcd for (@H1sNOs-H*): 232.0974, Found: 232.1098.
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HO
COOEt

N
N
Et 4d. white solid. The material was determined to be of &by

chiral HPLC analysis [Chiralpak AS-H, 80:20-hexangPrOH, 1.0 mL/min,t;
(major) = 9.65 mint, (minor) = 12.10 min]; ¢]o*°= +71.7 (c = 4.00 in CHCL,). 'H

NMR (400 MHz, CDCY): & 8.19 (s, 1H), 7.59 (d] = 8.0 Hz, 1H), 7.27 (t, 1H),

7.15-7.07 (m, 2H), 5.48 (d,= 6.0 Hz, 1H), 4.35-4.29 (m, 1H), 4.23-4.16 (m, 1H), 3.30
(s, 1H), 2.90-2.84 (m, 2H), 1.39-1.34Jt 4.0 Hz, 3H), 1.28-1.22 (4,= 5.0 Hz, 3H);

“C NMR (100 MHz, CD(d) 6 174.1, 135.4, 126.7, 125.1, 122.8, 121.1, 120.5, 117.2,

114.5, 67.4, 62.1, 24.0, 14.1, 13.8; ESI-HRMS Calcd faeHGNOs-H*): 246.1130,
Found: 246.1260.
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H 4e: colorless oil.The material was determined to be of 886

by chiral HPLC analysis [Chiralpak AS-H, 80:2BhexanaPrOH, 1.0 mL/mint,
(major) = 12.75 mint, (minor) = 14.10 min]; ¢]p*°= +52.7 (c = 3.98 in CHCL,). 'H

NMR (400 MHz, CDCJ): & 8.46 (s, 1H), 7.28 (s, 1H), 7.16-6.98 (m, 2H), 6.57(,
6.0 Hz,1H), 5.47 (d] = 5.0 Hz, 1H), 4.29-4.23 (m, 1H), 4.21-4.14 (m, 1H), 3.97 (s, 3H),

1.25-1.21 (tJ = 7.0 Hz, 3H);*C NMR (100 MHz, CDChk) & 173.6, 152.7, 138.2,
S5



123.4, 122.7, 115.6, 114.1, 105.2, 100.2, 68.0, 61.4, 55.3, 14.2; ESI-HRMS Calcd for
(C12H13NOz-H"): 248.0923, Found: 248.1043.
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H 4f: colorless oil The material was determined to be of 88%

eeby chiral HPLC analysis [Chiralpak AS-H, 80:2thexanefPrOH, 1.0 mL/mint;
(major) = 13.38 mint, (minor) = 15.62 min]; ¢]p*°= +57.C (c = 2.76 in CHCL,). *H

NMR (400 MHz, CDCY): & 8.14 (s, 1H), 7.28-7.17 (m, 2H), 6.91-6.88 (m, 1H), 5.46
(d,J = 4.0 Hz, 1H), 4.36-4.28 (m, 1H), 4.25-4.17 (m, 1H), 3.87(s, 3H), 3.2P<(&,0
Hz, 1H), 1.64 (s, 1H), 1.28-1.24(,= 7.0 Hz, 3H):*C NMR (100 MHz, CDCJ) &

174.0, 154.4, 131.5, 125.9, 123.8, 113.7, 113.1, 112.1, 101.0, 67.3, 62.1, 55.8, 14.2;
ESI-HRMS Calcd for (@H13NO3-H*): 248.0923, Found: 248.1041.
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4g: colorless oil. The material was determined to be of 91%

ee by chiral HPLC analysis [Chiralpak AS-H, 80r2thexaneiPrOH, 1.0 mL/min{;
(major) = 15.19 mint, (minor) = 17.51 min]; §]p*°= +43.% (c = 2.74 in CHCL,). *H

NMR (400 MHz, CDCY): & 8.02 (s, 1H), 7.52 (d] = 8.0 Hz, 1H), 7.07 (t, 1H),

6.78-6.74 (m, 2H), 5.36 (d = 6.0 Hz, 1H), 4.26-4.20 (m, 1H), 4.16-4.04 (m, 1H),
3.77(s, 3H), 3.23 (d} = 6.0 Hz, 1H), 1.20-1.17 (@,= 7.0 Hz, 3H)=C NMR (100 MHz,

CDCh) & 174.1, 136.5, 123.2, 122.6, 120.2, 119.5, 114.0, 111.3, 67.3, 62.8, 14.1.
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(major) = 9.59 mint, (minor) = 13.13 min]; ¢]o*°= +57.8 (c = 3.60 in CHCL,). 'H
NMR (400 MHz, CDC}): & 8.25 (s, 1H), 7.40-7.28 (m, 3H), 7.00-6.95 (m, 1H), 5.43
(d, J = 5.0 Hz, 1H), 4.34-4.28 (m, 1H), 4.25-4.17 (m, 1H), 3.37(d,6.0 Hz, 1H),
1.27-1.23 (tJ = 7.0 Hz, 3H);*C NMR (100 MHz, CDCJ) 5 173.8, 156.8, 133.0,

125.7, 124.8, 114.1, 112.1, 111.1, 104.5, 67.2, 62.2, 14.1; ESI-HRMS Calcd for
(C12H13NO3-H"): 236.0723, Found: 236.0856.
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H 4i: colorless oil The material was determined to be8@Pb6ee

by chiral HPLC analysis [Chiralpak AS-H, 80:2BhexangPrOH, 1.0 mL/min,t;
(major) = 9.61 mint, (minor) = 12.10 min]; §]po*°= +48.3 (c = 3.80 in CHCly). *H

NMR (400 MHz, CDCY): & 8.31 (s, 1H), 7.74 (s, 1H), 7.30-7.28 (m, 2H), 7.20-7.17
(m, 1H), 5.44 (dJ = 5.0 Hz, 1H), 4.36-4.28 (m, 1H), 4.26-4.18 (m, 1H), 3.3T&I6.0
Hz, 1H), 1.28-1.24 (t) = 7.0 Hz, 3H)*C NMR (100 MHz, CDCJ) & 173.8, 134.8,

126.4, 125.9, 124.4,123.0, 119.2, 113.8, 112.4, 67.1, 62.3, 14.1; ESI-HRMS Calcd for
(C12H13NOs-H*): 252.0428, Found: 252.0553.
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H 4j: colorless oil The material was determined to be of 88&6

by chiral HPLC analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, LOmin, t
(major) = 10.42 mint, (minor) = 12.54 min]; ¢]p*°= +59.7 (c = 4.32 in CHCL,). *H

NMR (400 MHz, CDCY): & 8.41 (s, 1H), 7.88 (d= 2.0 Hz, 1H), 7.32-7.21 (m, 3H),
5.44 (s, 1H), 4.36-4.28 (m, 1H), 4.26-4.18 (m, 1H), 1.28-1.28t7.0 Hz, 3H)C
NMR (100 MHz, CDC4) & 173.7, 135.1, 127.1, 125.5, 124.3, 122.2, 113.5, 113.4,

112.8, 67.2, 62.3, 14.1; ESI-HRMS Calcd fori4disNOs-H): 295.9923, Found:
295.9558.
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H 4k: colorless oil. The material was determined to b&G8f

ee by chiral HPLC analysis [Chiralpak OD-H, 80126exanefrOH, 1.0 mL/mint;
(major) = 13.25 mint, (minor) = 15.17 min]; ¢]p°°= +90.2 (c = 2.24 in CHCL,). *H

NMR (400 MHz, DMSO¢e): & 11.78 (s, 1H), 8.57 (d,= 2.0Hz, 1H), 8.00-7.97 (m,
1H), 7.57-7.54 (m, 2H), 5.83 (s, 1H), 4.20-4.15 (g, 2H), 1.21-1.1&(,0Hz, 3H)=C
NMR (100 MHz, DMSOdg) & 172.9, 140.9, 140.1, 128.3, 126.0, 117.1, 116.9, 115.1,

112.7, 61.4, 61.1, 14.1; ESI-HRMS Calcd fori4d:sNOs-H): 263.0668, Found:
263.0501.
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Current Data Darameters
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