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1. General  

Instrumentations  

All reactions were performed under an argon atmosphere. The reactions were monitored by 

TLC (thin layer chromatography) method; column and preparative TLC purification were 

carried out using silica gel. Melting points were uncorrected and recorded on X-5 melting 

point apparatus. 1H NMR and 13C NMR spectra were measured on 400 MHz and 100 MHz 

spectrometers. Enantiomeric excess was decided with chiral Shimadzu LC-16 HPLC 

equipped with a SPD-16 UV-VIS Spectrophotometric Detector. 

Materials 

All commercial reagents were purchased with the analysis purity grade. They were used 

without further purification unless specified. Petroleum ether (PE) and ethyl acetate (EtOAc) 

were distilled. n-butyl ether was used with the analysis purity grade, and other solvents were 

purchased with the ultra dry grade. General procedure of the catalytic Friedel-Crafts reaction 

between indole and trifluoromethylpyruvate. 

2. Optimization of the reaction conditionsa 

 

Entry Catalyst Additive Temperature Yield (%)b ee (%)c 

1 1h CF3COOH RT 86 9 

2 1h CH3COOH RT 85 69 

3 1h NaH2PO4 RT 85 70 

4 1h 4A MS RT 79 71 

5 1h N-Methyl morpholine RT 85 23 

6 1h NaHCO3 RT 95 68 

7 1h Na2CO3 RT 94 72 

8 1h (S)-BINOL RT 80 73 

9 1h (R)-BINOL RT 81 66 

10 1h - 0 oC 88 67 

11 1h - -20 oC 85 71 
aReaction conditions: 0.1 mmol 2a, 0.12 mmol methyl trifluoropyruvate, 2.0 mL n-Bu2O.  

bIsolated yield.  
cDetermined by HPLC analysis on a chiral stationary phase. 

 

3.  Characterization of catalysis 1 

 

Bifunctional organocatalyst 1a was prepared by the literature procedure.1 
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1a: white solid, mp 143.7-144.3°C, []D
26= -25.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 7.84 (s, 2 H), 7.70 (s, 1 H), 3.77 (br, 1 H), 2.64 (s, 3 H), 2.39 (s, 3 H), 1.83-1.94 (m, 3 H), 

1.19-1.36 (m, 11 H); 19F NMR (CDCl3, 564 MHz) δ -63.44 (s, 6 F). 

 

Bifunctional organocatalyst 1b was prepared by the literature procedure.2 

1b: white solid, mp 139.5-141.2°C, []D
26= -18.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 7.74 (s, 2H), 7.68 (s, 1 H), 3.71 (s, 1 H), 2.85 (br, 1H), 2.26-2.47 (m, 5 H), 1.72-1.89 (m, 3 

H), 1.11-1.31 (m, 8 H), 0.70-0.72 (m, 6 H); 19F NMR (CDCl3, 564 MHz) δ -63.53 (s, 6 F). 

 

Bifunctional organocatalyst 1c was prepared by the literature procedure.3 

1c: white solid, mp 116.4-118.2°C, []D
26= 3.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 

9.89 (br, 1 H), 8.17 (s, 2 H), 7.54 (s, 2 H), 4.64 (s, 1 H), 3.29-3.48 (m, 4 H), 2.40 (d, J=12.0 

Hz, 1 H), 2.00-2.14 (m, 5 H), 1.85-1.87 (m, 1 H), 1.35-1.50 (m, 4 H), 0.79-0.89 (m, 3 H); 19F 

NMR (CDCl3, 564 MHz) δ -63.46 (s, 6 F). 

 

Bifunctional organocatalyst 1d was prepared by the literature procedure.3 

1d: white solid, mp 148.4-150.5°C, []D
26= -23.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 7.79 (s, 2 H), 7.68 (s, 1 H), 3.74 (br, 1 H), 2.58-2.68 (m, 4 H), 2.41 (s, 2 H), 1.73-1.89 (m, 3 

H), 1.18-1.29 (m, 5 H), 0.93 (s, 6 H); 19F NMR (CDCl3, 564 MHz) δ -63.44 (s, 6 F). 

 

Bifunctional organocatalyst 1e was prepared by the literature procedure.4 
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1e: yellow solid, mp 109.9-111.7°C, []D
26= -41.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 

MHz) δ 8.19 (d, J=8.0 Hz, 2 H), 7.47 (d, J=8.0 Hz, 2 H), 3.84 (t, J=12.0 Hz, 1 H), 2.53-2.75 

(m, 4 H), 2.32-2.39 (m, 2 H), 1.70-1.89 (m, 3 H), 1.06-1.23 (m, 4 H), 0.93-0.96 (m, 6 H); 13C 

NMR (CDCl3, 100 MHz) δ 197.8, 145.4, 130.5, 129.7, 126.9, 100.0, 44.9, 34.1, 31.2, 26.9, 

26.0, 25.3, 15.7; HRMS: (ESI+) m/z calcd for [C17H26N4O2S1 + H+] 351.1849, found 

351.1855. 

 

Bifunctional organocatalyst 1f was prepared by the literature procedure.4 

1f: white solid, mp 232.5-233.1°C, []D
21= -16.2 (c 0.50, EtOH); 1H NMR (CDCl3, 400 MHz) 

δ 10.15 (s, 1 H), 8.09 (s, 2 H), 7.65 (s, 1 H), 7.59 (br, 1 H), 3.92 (s, 1 H), 2.52-2.58 (m, 2 H), 

2.42-2.45 (m, 1 H), 2.27-2.32 (m, 2 H), 2.02-2.09 (m, 1 H), 1.69-1.83 (m, 3 H), 1.17-1.40 (m, 

5 H), 0.86-0.89 (m, 6 H);  13C NMR (CDCl3, 100 MHz) δ 194.2, 192.7, 143.2, 126.4, 123.7, 

119.8, 65.4, 56.7, 26.7, 26.0, 16.0; 19F NMR (CDCl3, 564 MHz) δ -63.66 (s, 6 F); HRMS: 

(ESI+) m/z calcd for [C22H25F6N3O2 + H+] 478.1924, found 478.1929. 

 

Bifunctional organocatalyst 1g was prepared by the literature procedure.5 

1g: white solid, mp 83.0-85.6°C, []D
26= -157.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 8.29 (br, 1 H), 7.67-7.72 (m, 3 H), 7.25-7.26 (m, 3 H), 7.15 (s, 5 H), 5.36 (br, 1 H), 3.81 (d, 

J=12.0 Hz, 1 H), 2.21 (s, 6 H); 19F NMR (CDCl3, 564 MHz) δ -63.42 (s, 6 F). 

Catalyst 1h was purchased from Daicel Chiral Technologies (China) Co., LTD. 

4. General procedure of the catalytic Friedel-Crafts Alkylation and Characterization of 

compounds 4 

To indoles 2 (0.1 mmol) and the catalyst 1h (11 mg, 0.02 mmol) in dry n-Butyl ether (2.0 
mL) was added methyl/ehyl trifluoropyruvate  (0.12 mmol) at room temperature. The mixture 
was stirred for 6 h to 106 h at room temperature to complete checked by thin layer 
chromatography. The mixture was directly submitted to flash silica gel column 
chromatography (petrolum ether:ethyl acetate = 3:1) to furnish the product 4.  
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Figure 1. The state of substrates and catalysts during the reaction. 

(R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(1H-indol-3-yl)propanoate (4a)6 

 25.8 mg, 95% yield, white solid, mp 89-91 °C; 1H NMR (CDCl3, 

400 MHz) δ 8.27 (s, 1 H), 7.84-7.87 (m, 1 H), 7.43-7.44 (m, 1 H), 

7.35-7.38 (m, 1 H), 7.14-7.25 (m, 2 H), 5.19 (s, 1 H), 4.36 (s, 1 H), 

3.93 (s, 3 H).  

The ee was determined by HPLC analysis. CHIRALPAK AD-H; 

Hexane/2-propanol = 85/15; flow rate 1.0 mL/min; 269 nm; 

retention time: 11.1 min (major) and 14.2 min (minor). 

   

 

4a after crystallization 
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 (R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(5-methyl-1H-indol-3-yl)propanoate (4b)6 

 26.7 mg, 93% yield, white solid, mp 56-58 °C; 1H NMR (CDCl3, 

400 MHz) δ 8.17 (s, 1 H), 7.61 (s, 1 H), 5.23 (s, 1 H), 7.31-7.33 

(m, 1 H), 7.20-7.24 (m, 1 H), 7.03-7.06 (m, 14 H), 4.36 (s, 1 H), 

3.92 (s, 3 H), 2.44 (s, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 80/20; 

flow rate 1.0 mL/min; 254 nm; retention time: 14.2 min (major) and 19.6 min (minor). 

 

 

 (R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(5-methoxy-1H-indol-3-yl)propanoate (4c)6 

27.8 mg, 92% yield, white solid, mp 88-90°C; 1H NMR 

(CDCl3, 400 MHz) δ 8.28 (s, 1 H), 7.31-7.34 (m, 2 H), 7.20 

(dd, J=2.0 Hz, J=2.0 Hz 1 H), 6.88 (dd, J=2.8 Hz, J=3.2 Hz 1 

H),  4.40 (s, 1 H), 3.92 (s, 3 H), 3.83 (s, 3 H).  

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 80/20; 

flow rate 1.0 mL/min; 254.0 nm; retention time: 8.8 min (major) and 9.9 min (minor). 
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(R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(5-hydroxy-1H-indol-3-yl)propanoate (4d)6 

23.7 mg, 82% yield, colorless oil; 1H NMR (CDCl3, 400 MHz) 

δ 8.21 (s, 1 H), 7.43 (d, J=2.8 Hz, 1 H), 7.24-7.28 (m, 3 H), 

6.83 (dd, J=2.4 Hz, J=2.4 Hz, 1 H), 4.68 (s, 1 H), 4.32 (s, 1 H), 

3.99 (s, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 85/15; 

flow rate 1.0 mL/min; 254.0 nm; retention time: 11.9 min (minor) and 14.3 min (major). 

 

 

(R)-methyl 2-(5-bromo-1H-indol-3-yl)-3,3,3-trifluoro-2-hydroxypropanoate (4e)6 

31.1 mg, 88% yield, colorless oil; 1H NMR (CDCl3, 400 MHz) 

δ 8.37 (s, 1 H), 8.04-8.05 (m, 1 H), 7.47 (d, J=2.8 Hz, 1 H), 

7.30-7.33 (m, 1 H), 7.25-7.26 (m, 1 H), 4.39 (s, 1 H), 3.97 (s, 3 

H);  

 

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 80/20; 

flow rate 1.0 mL/min; 254.0 nm; retention time: 6.7 min (minor) and 7.1 min (major). 

 

 

(R)-methyl 3,3,3-trifluoro-2-(6-fluoro-1H-indol-3-yl)-2-hydroxypropanoate (4f)7 
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 26.3mg, 89% yield, colorless oil; 1H NMR (CDCl3, 400 MHz) 

δ 8.30 (s, 1 H), 7.78-7.81 (m, 1 H), 7.40-7.41 (m, 1 H), 7.02-

7.05 (m, 1 H), 6.90-6.95 (m, 1 H), 4.39 (s, 1 H), 3.95 (s, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 254.0 nm; retention time: 4.9 min (major) 

and 5.7 min (minor). 

     

 

(R) -methyl 2-(7-ethyl-1H-indol-3-yl)-3,3,3-trifluoro-2-hydroxypropanoate (4g) 

27.8 mg,92% yield, colorless oil; 1H NMR (CDCl3, 400 MHz) δ 

8.26 (s, 1 H), 7.69 (d, J=8.0 Hz, 1 H), 7.40-7.41 (m, 1 H), 7.05-

7.14 (m, 2 H), 4.37 (s, 1 H), 3.92 (s, 3 H), 2.82 (q, J=4.0 Hz, 2 H), 

1.33 (t, J=4.0 Hz, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 254.0 nm; retention time: 5.8 min (major) 

and 7.1 min (minor). 

    

 

 

 

 

  (R)-methyl 2-(7-chloro-1H-indol-3-yl)-3,3,3-trifluoro-2-hydroxypropanoate (4h) 
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26.5 mg, 86 yield, white solid, mp 68-70 °C; 1H NMR (CDCl3, 400 

MHz) δ 8.56 (s, 1 H), 7.78-7.80 (m, 1 H), 7.50 (d, J=2.8 Hz, 1 H), 

7.22-7.25 (m, 1 H), 7.09 (t, J=7.6 Hz, 1 H), 4.42 (s, 1 H), 3.94 (s, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 254.0 nm; retention time: 5.4 min (major) 

and 7.3 min (minor). 

 

 

  (R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(7-nitro-1H-indol-3-yl)propanoateC (4i) 

 21.1 mg, 67% yield, yellow solid, mp 79-81 °C; 1H NMR (CDCl3, 400 

MHz) δ 10.15 (s, 1 H), 8.33 (d, J=8.0 Hz, 1 H), 8.18 (dd, J=0.8 Hz, 1 

H), 7.68 (d, J=2.8 Hz, 1 H), 7.24-7.28 (m, 1 H), 4.51 (s, 1 H), 4.00 (s, 3 

H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 90/10; 

flow rate 1.0 mL/min; 254.0 nm; retention time: 17.3 min (major) and 18.5 min (minor). 

 

 

(R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-1H-indol-3-yl)propanoate (4j)8 

20.7 mg, 72% yield, white solid, mp 75-77 °C; 1H NMR (CDCl3, 

400 MHz) δ 7.99 (s, 1 H), 7.73-7.79 (m, 1 H), 7.24-7.27 (m, 1 H), 

7.08-7.16 (m, 1 H), 3.92 (s, 3 H), 3.89 (s, 1 H), 2.50 (s, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; 

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 254.0 nm; retention time: 16.4 min (minor) 

and 24.3 min (major). 
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(R)-methyl 3,3,3-trifluoro-2-hydroxy-2-(1-methyl-1H-indol-3-yl)propanoate (4k) 

40.0 mg, 81% yield, yellow oil; 1H NMR (CDCl3, 400 MHz) δ 

7.83-7.85 (m, 1 H), 7.30-7.32 (m, 2 H), 7.25-7.27 (m, 1 H), 7.13-

7.17 (m, 1 H), 3.93 (s, 1 H), 3.77 (s, 1 H). 

 

 The ee was determined by HPLC analysis. CHIRALPAK OD-H; 

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 254.0 nm; retention time: 6.6 min (major) 

and 8.8 min (minor). 

  

 

  (R)-ethyl 3,3,3-trifluoro-2-hydroxy-2-(1H-indol-3-yl)propanoate (4l)6 

27.6mg, 94% yield, white solid, mp 88-90 °C; 1H NMR (CDCl3, 400 

MHz) δ 8.28 (s, 1 H), 7.89 (d, J=8.0 Hz, 1 H), 7.43 (d, J=2.8 Hz, 1 

H), 7.33-7.36 (m, 1 H), 7.20-7.25 (m, 1 H), 7.13-7.17 (m, 1 H), 4.41-

4.49 (m, 2 H), 4.30-4.38 (m, 1 H), 1.33 (t, J=7.2 Hz, 3 H). 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 90/10; 

flow rate 1.0 mL/min; 254.0 nm; retention time: 12.3 min (major) and 16.2 min (minor). 
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5. Preparation and characterization of 5 and 6 

 

 

 

 

 

To LiAlH4 (0.094 g; 2.37 mmol) suspension in THF was droply added the solution of optical 

active compound 3a (0.525 g, 1.9 mmol) in THF at argon atmosphere at 0 oC. The reaction 

was stirred to room temperature 4h, then was quenched with Na2SO4·10H2O at 0°C. The 

mixture was filtered and condensed under vacuo. The residue prepared by silicon column 

chromatography (petroleum ether: ethyl acetate = 2:1) to give desired the diol 5 (0.25 g, 54% 

yield).  

To the solution of diol 5 (0.25 g, 1.02 mmol) in toluene (6 mL) was added benzaldehyde 

dimethyl acetal (0.38 mL, 2.55 mmol) and CF3COOH (76 uL, 1.02 mmol). The mixture was 

stirred overnight and condensed under vacuo. The residue was purified by silicon column 

chromatography (petroleum ether: ethyl acetate = 5:1) to give the desired product 6 (0.198 g, 

58% yield). 

5: colorless oil; 1H NMR (CDCl3, 400 MHz) δ 8.26 (s, 1 H), 7.80 (d, J=8.0 Hz, 1 H), 7.33-

7.35 (m, 1 H), 7.20-7.24 (m, 2 H), 7.13-7.17 (m, 1 H), 4.10-4.`9 (m, 2 H), 3.72 (s, 1 H), 2.12 

(t, J=6.8 Hz, 1 H). 

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 90/10; 

flow rate 1.0 mL/min; 269 nm; retention time: 12.9 min (major) and 16.2 min (minor). 

 

 

6: colorless oil; 1H NMR (CDCl3, 400 MHz) δ 8.25 (s, 1 H), 7.59-7.64 (m, 2 H), 7.36-7.46 (m, 

5 H), 7.23-7.27 (m, 1 H), 7.15-7.19 (m, 1 H), 5.90 (s, 1 H), 5.05 (d, J=9.2 Hz, 1 H), 4.39-4.42 

(m, 1 H). 

The ee was determined by HPLC analysis. CHIRALPAK AS-H; Hexane/2-propanol = 95/5; 

flow rate 0.8 mL/min; 254 nm; retention time: 20.0 min (minor) and 22.4 min (major), 26.4 

min (minor) and 27.5 min (major). 
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6.   Copies of NMR spectra   
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Heterogeneously Organocatalytic, Enantioselective Friedel-Crafts Alkylation of 

Indole with Trifluoromethylpyruvate  
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