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1. General experimental information 

  Anhydrous toluene was distilled from sodium. Mn(CO)5Br and other chemical 

reagents were purchased from commercial suppliers. 1H NMR (600 MHz or 400MHz), 
13C NMR (150 MHz or 100 MHz), 19F NMR (376 MHz) spectra were recorded on a 

Bruker ADVANCE III instruments in CDCl3 with TMS as internal standard. 1H NMR 

chemical shifts were referenced to Deuterium chloroform signal (7.26 ppm), 13C NMR 

chemical shifts were referenced to the solvent resonance (77.00 ppm, CDCl3). Optical 

rotations were determined using an AUTOPOL V polarimeter. HPLC analysis were 

performed using Agilent 1100 or Waters e2695 equipped with OJ-H, OD-H, IC-H, IJ-

H and IA-H. HRMS spectra were recorded on an Agilent 1200HPLC-6210TOFMS 

using ESI as ion source. The conversion of starting materials was monitored by thin 

layer chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and 

components were visualized by observation under UV light (254 and 365 nm). 

 

2. General procedure for chiral benzimidazole ligands 

The aminobenzimidazole ligands L1-L6 were prepared according to the reported 

method from the corresponding Boc-protected amino acids.1 

 

(S)-3-methyl-1-(1-methyl-1H-benzo[d]imidazol-2-yl)butan-1-amine (L1) new 

Yellow oil, 65% yield, [α]20
D = +43.6 (c = 0.51, CHCl3). 1H NMR (400 MHz, CDCl3) 

δ 7.83 – 7.63 (m, 1H), 7.38 – 7.10 (m, 3H), 4.20 (t, J = 6.8 Hz, 1H), 3.75 (s, 3H), 1.97 

(s, 2H), 1.81 (dt, J = 13.2, 6.8 Hz, 1H), 1.75 (dd, J = 6.8, 2.0 Hz, 2H), 0.96 (dd, J = 6.4, 

4.0 Hz, 6H).13C NMR (100 MHz, CDCl3) δ 158.1, 142.0, 135.7, 122.1, 121.7, 119.1, 

108.9, 46.8, 46.3, 29.6, 24.7, 23.0, 21.8. HRMS (ESI) calcd for C13H19N3 [M+H]+: 

217.1579, found: 217.1583. 

 

 

(1S,2R)-2-methyl-1-(1-methyl-1H-benzo[d]imidazol-2-yl)butan-1-amine (L6) new 

Yellow oil, 58% yield, [α]20
D = +10.6 (c = 0.35, CHCl3). 1H NMR (600 MHz, CDCl3) 

δ 7.84 – 7.65 (m, 1H), 7.32 (d, J = 7.2 Hz, 1H), 7.29 – 7.12 (m, 2H), 3.96 (dd, J = 7.2, 
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1.8 Hz, 1H), 3.78 (s, 3H), 2.03 – 1.86 (m, 3H), 1.80 – 1.65 (m, 1H), 1.29 – 1.23 (m, 

1H), 0.92 (t, J = 7.2 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 

157.8, 142.2, 135.7, 122.2, 122.0, 119.3, 109.1, 53.7, 40.8, 30.0, 24.5, 16.1, 11.1. 

HRMS (ESI) calcd for C13H19N3 [M+H]+: 217.1579, found: 217.1575. 

3. General procedure for the preparation of substrates 

The substrates 1a-1j and 1af were purchased from commercial sources. The 

substrates 1n-1ab were prepared according to the reported procedures.2 

General procedure for the synthesis of 1k-1m: 

 
In a 50mL Schlenk flask, 2-methylquinoline-6-carboxylic acid (260 mg, 1.5 mmol) 

was dissolved in DCM (10 ml), HOBT (128 mg, 1.8 mmol) and EDCI (283 mg, 1.1 

mmol) were added and the mixture was stirred 30 min at RT. Secondary amine (1.8 

mmol) and Et3N (333 mg, 2.2 mmol) were added dropwise and stirring was continued 

overnight. DCM (25 mL) was added. The organic phase was washed with aqueous 

sodium hydrogencarbonate (25 mL), aqueous sodium hydrogensulfate (25 mL) and 

water (25 mL). The organic phase was dried over Na2SO4 and evaporated under 

vacumm. Finally, the residue was purified by column chromatography (ethyl acetate : 

petroleum ether =1:10 to 1:20). 

 

 

N,N-dibutyl-2-methylquinoline-6-carboxamide (1k): 

Yellow oil, 62% yield. 1H NMR (600 MHz, CDCl3) δ 8.04 (t, J = 9.6 Hz, 2H), 7.79 (s, 

1H), 7.66 (d, J = 8.4 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 3.39 (d, J = 180 Hz, 4H), 2.75 

(s, 3H), 1.60 (d, J = 107.4 Hz, 4H), 1.47 – 1.06 (m, 4H), 0.87 (d, J = 153.6 Hz, 6H). 13C 

NMR (150 MHz, CDCl3) δ 170.9, 159.9, 147.6, 136.2, 134.5, 128.7, 127.5, 125.8, 125.6, 

122.6, 48.7, 44.5, 30.7, 29.6, 25.3, 20.2, 19.6, 13.8, 13.4. HRMS (ESI) calcd for 

C19H26N2O [M+H]+: 298.2045, found: 298.2040. 
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(2-methylquinolin-6-yl)(morpholino)methanone (1l): 

White solid, 65% yield, m.p. 94.6-96.7 ℃. 1H NMR (600 MHz, CDCl3) δ 8.03 (dd, J 
= 13.8, 8.0 Hz, 2H), 7.85 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 
3.71 (s, 8H), 2.74 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 169.8, 160.5, 148.0, 136.4, 
132.5, 129.1, 127.7, 126.9, 125.9, 122.8, 66.8, 25.4. HRMS (ESI) calcd for C15H16N2O2 
[M+H]+: 256.1212, found: 256.1211. 

 

 

(2-methylquinolin-6-yl)(pyrrolidin-1-yl)methanone (1m): 

White solid, 70% yield, m.p. 100.4-101.0 ℃. 1H NMR (600 MHz, CDCl3) δ 8.06 (d, J 

= 8.4 Hz, 1H), 8.03 (d, J = 8.4 Hz, 1H), 7.96 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.32 (d, 

J = 8.4 Hz, 1H), 3.59 (d, J = 130.2 Hz, 4H), 2.76 (s, 3H), 2.34 – 1.47 (m, 4H). 13C NMR 

(150 MHz, CDCl3) δ 169.0, 160.2, 148.0, 136.5, 134.4, 128.7, 127.9, 126.7, 125.7, 

122.6, 49.6, 46.2, 26.4, 25.4, 24.4. HRMS (ESI) calcd for C15H16N2O [M+H]+: 

240.1263, found: 240.1268. 

 

4. General procedure for the ATH of quinolines 

 

  Under argon atmosphere, Mn(CO)5Br (0.02 mmol), L1 (0.022 mmol), degassed 

toluene (2 mL) was added into tube and the mixture was heated to reflux for 3 h. The 

mixture was cooled to room temperature and concentrated to dryness, affording the 

crude Mn-L1 complex. The Mn-L1 complex, TBAI (0.1 mmol), 1 (0.2 mmol) and H2O 

(1.0 mL) were added in a 10 mL Schlenk flask. The mixture was stirred for 10 min at 

3 oC. (CH3)2NHBH3 was added and the mixture was stirred at 3 oC for 30 h. The solvent 

was removed, and the mixture was purified by passing through a short column of silica 

gel to afford the corresponding product. The absolute configurations of 2a–2h, 2n-2r, 

2u-2w, 2aa were determined by the comparison with the reported optical rotation.2-5 
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The absolute configurations of 2i-2m, 2s-2t, 2x-2z, 2ab-2ae were tentatively assigned 

by analogy. The absolute configurations of 2af is still unclear. 

 

 

(S)-2-methyl-1,2,3,4-tetrahydroquinoline (2a): 

Colorless oil, 85% yield, 89% ee; [α]20
D = -60.3 (c = 1.23, CHCl3); lit.2 [α]25

D = -84.3 

[c = 1.42, CHCl3, 97% ee (S)]. The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 15.30 min (major), tR2 = 16.87 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.09 – 6.93 (m, 2H), 6.64 (td, J = 7.2, 1.2 Hz, 1H), 6.50 (dd, 

J = 8.0, 1.2 Hz, 1H), 3.62 – 3.24 (m, 1H), 3.05 – 2.82 (m, 1H), 2.80 – 2.73 (m, 1H), 

2.05 – 1.88 (m, 1H), 1.68 – 1.56 (m, 1H), 1.24 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 144.7, 129.2, 126.6, 121.0, 116.9, 114.0, 47.1, 30.1, 26.5, 22.5. HRMS (ESI) 

calcd for C10H13N [M+H]+: 147.1048, found: 147.1052. 

 

 

(S)-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinoline (2b): 

White solid, 88% yield, 89% ee, m.p. 46.8-48.3 ℃; [α]20
D = -37.6 (c = 0.62, CHCl3); 

lit.2 [α]25
D = -80.9 [c = 1.22, CHCl3, 93% ee (S)]. The ee was determined by HPLC on 

Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate = 0.5 mL/min; column 

temperature 25 ℃; UV detection at 254 nm; tR1 = 16.95 min (minor), tR2 = 22.95 min 

(major). 1H NMR (400 MHz, CDCl3) δ 6.89 – 6.62 (m, 2H), 6.48 – 6.33 (m, 1H), 3.38 

– 3.31 (m, 1H), 2.87 – 2.78 (m, 1H), 2.73 – 2.67 (m, 1H), 1.95 – 1.89 (m, 1H), 1.61 – 

1.51 (m, 1H), 1.21 (d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 155.4 (d, J = 

233.2 Hz), 140.9 (d, J = 1.8 Hz), 122.4 (d, J = 6.8 Hz), 115.3 (d, J = 21.4 Hz), 114.7 

(d, J = 7.5 Hz), 113.1 (d, J = 22.3 Hz), 47.3, 29.8, 26.7 (d, J = 1.4 Hz), 22.4. 19F NMR 

(376 MHz, CDCl3) δ -128.27. HRMS (ESI) calcd for C10H12FN [M+H]+: 165.0954, 

found: 165.0962. 

 

N
H

Cl
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(S)-6-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2c): 

Colorless oil, 92% yield, 90% ee; [α]20
D = -48.2 (c = 0.62, CHCl3); lit.3 [α]25

D = +108.7 

[c = 1.0, CHCl3, 72% ee (R)].The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 12.98 min (major), tR2 = 15.39 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 6.84 (d, J = 8.0 Hz, 1H), 6.54 (dd, J = 8.0, 2.0 Hz, 1H), 6.44 

(d, J = 2.0 Hz, 1H), 3.42 – 3.36 (m, 1H), 2.84 – 2.56 (m, 2H), 1.96 – 1.88 (m, 1H), 1.60 

– 1.49 (m, 1H), 1.20 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.7, 131.9, 

130.1, 119.3, 116.6, 113.2, 47.0, 29.72, 26.0, 22.4. HRMS (ESI) calcd for C10H12ClN 

[M+H]+: 101.0658, found: 101.0666. 

 

  

(S)-6-bromo-2-methyl-1,2,3,4-tetrahydroquinoline (2d): 

White solid, 89% yield, 91% ee, m.p. 52.0-54.6 ℃; [α]20
D = -28.6 (c = 0.51, CHCl3); 

lit.2 [α]25
D = -61.6 [c = 1.09, CHCl3, 97% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column 

temperature 25 ℃; UV detection at 254 nm; tR1 = 20.29 min (major), tR2 = 32.96 min 

(minor). 1H NMR (400 MHz, CDCl3) δ 7.09 – 6.98 (m, 2H), 6.34 (d, J = 8.4 Hz, 1H), 

3.37 (td, J = 6.4, 3.2 Hz, 1H), 2.92 – 2.72 (m, 1H), 2.75 – 2.64 (m, 1H), 2.02 – 1.85 (m, 

1H), 1.58 – 1.49 (m, 1H), 1.20 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

143.7, 131.7, 129.3, 123.2, 115.4, 108.4, 47.1, 29.6, 26.4, 22.4. HRMS (ESI) calcd for 

C10H12BrN [M+H]+: 225.0153, found: 225.0148. 

 

 

(S)-6-iodo-2-methyl-1,2,3,4-tetrahydroquinoline (2e): 

White solid, 91% yield, 93% ee, m.p.55.6-57.9 ℃; [α]20
D = -50.3 (c = 1.13, CHCl3); 

lit.2 [α]25
D = -56.2 [c = 1.14, CHCl3, 94% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column 

temperature 25 ℃; UV detection at 254 nm; tR1 = 15.13 min (major), tR2 = 18.90 min 

(minor). 1H NMR (600 MHz, CDCl3) δ 7.24 (s, 1H), 7.20 (dd, J = 8.4, 2.4 Hz, 1H), 

6.24 (d, J = 8.4 Hz, 1H), 3.73 (s, 1H), 3.40 – 3.36 (m, 1H), 2.88 – 2.74 (m, 1H), 2.70 – 
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2.65 (m, 1H), 1.93 – 1.88 (m, 1H), 1.57 – 1.50 (m, 1H), 1.20 (d, J = 6.0 Hz, 3H). 13C 

NMR (150 MHz, CDCl3) δ 144.3, 137.4, 135.1, 123.7, 115.9, 47.0, 29.5, 26.2, 22.4. 

HRMS (ESI) calcd for C10H12IN [M+H]+: 273.0014, found: 273.0016. 

 

 

(S)-7-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2f):  

White solid, 97% yield, 93% ee, m.p.51.3-52.7 ℃; [α]20
D = -36.7 (c = 0.68, CHCl3); 

lit.2 [α]25
D = -74.4 [c = 0.90, CHCl3, 92% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column 

temperature 25 ℃; UV detection at 254 nm; tR1 = 39.80 min (major), tR2 = 45.27 min 

(minor). 1H NMR (600 MHz, CDCl3) δ 6.86 (d, J = 7.8 Hz, 1H), 6.55 (dd, J = 8.4, 2.4 

Hz, 1H), 6.44 (d, J = 2.4 Hz, 1H), 3.76 (s, 1H), 3.41 – 3.37 (m, 1H), 2.79 – 2.73 (m, 

1H), 2.72 – 2.51 (m, 1H), 1.98 – 1.85 (m, 1H), 1.59 – 1.51 (m, 1H), 1.21 (d, J = 6.0 Hz, 

3H).13C NMR (150 MHz, CDCl3) δ 145.7, 131.8, 130.1, 119.2, 116.5, 113.2, 46.9, 29.7, 

26.0, 22.4. HRMS (ESI) calcd for C10H12ClN [M+H]+: 181.0658, found: 181.0667. 

 

 

(S)-6-methoxy-2-methyl-1,2,3,4-tetrahydroquinoline (2g): 

Yellow oil, 86% yield, 78% ee; [α]20
D = -28.1 (c = 0.58, CHCl3); lit.2 [α]25

D = -60.7 [c 

= 1.21, CHCl3, 93% ee (S)]. The ee was determined by HPLC on Chiralpak OD-H 

column, hexane: isopropanol = 98:2; flow rate = 0.5 mL/min; column temperature 25 ℃; 

UV detection at 254 nm; tR1 = 20.89 min (minor), tR2 = 25.07 min (major). 1H NMR 

(400 MHz, CDCl3) δ 6.74 – 6.55 (m, 2H), 6.46 (d, J = 8.4 Hz, 1H), 3.74 (s, 3H), 3.38 

– 3.30 (m, 1H), 3.17 (s, 1H), 2.91 – 2.80 (m, 1H), 2.76 – 2.69 (m, 1H), 1.96 – 1.88 (m, 

1H), 1.64 – 1.53 (m, 1H), 1.21 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

151.7, 138.8, 122.4, 115.2, 114.5, 112.7, 55.7, 47.4, 30.2, 26.8, 22.4. HRMS (ESI) calcd 

for C11H15NO [M+H]+: 177.1154, found: 177.1159. 

 

 
(S)-2-methyl-6-phenyl-1,2,3,4-tetrahydroquinoline (2h): 
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Yellow oil, 88% yield, 91% ee; [α]20
D = -60.3 (c = 1.08, CHCl3); lit.4 [α]20

D = -70.3 [c 

= 1.26, CHCl3, 95% ee (S)]. The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 53.89 min (minor), tR2 = 55.87 min (major). 1H 

NMR (400 MHz, CDCl3) δ 7.58 (dd, J = 8.4, 1.2 Hz, 2H), 7.43 (t, J = 8.0 Hz, 2H), 7.33 

– 7.27 (m, 3H), 6.58 (d, J = 9.6 Hz, 1H), 3.50 – 3.45 (m, 1H), 3.13 – 2.89 (m, 1H), 2.87 

– 2.81 (m, 1H), 2.20 – 1.95 (m, 1H), 1.72 – 1.62 (m, 1H), 1.27 (d, J = 6.4 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 144.2, 141.4, 129.9, 128.5, 127.9, 126.2, 125.8, 125.4, 121.2, 

114.2, 47.2, 30.0, 26.6, 22.5. HRMS (ESI) calcd for C16H17N [M+H]+: 223.1361, 

found:223.1366. 

 

 
(S)-2-methyl-6-(pyridin-4-yl)-1,2,3,4-tetrahydroquinoline (2i): 

Yellow oil, 70% yield, 94% ee; [α]20
D = -73.2 (c = 1.21, CHCl3). The ee was determined 

by HPLC on Chiralpak IC-H column, hexane: isopropanol = 90:10; flow rate = 0.8 

mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 30.20 min (minor), 

tR2 = 32.35 min (major). 1H NMR (600 MHz, CDCl3) δ 8.54 (d, J = 4.8 Hz, 2H), 7.43 

(d, J = 4.8 Hz, 2H), 7.31 (d, J = 6.6 Hz, 2H), 6.53 (d, J = 8.4 Hz, 1H), 3.96 (s, 1H), 3.60 

– 3.31 (m, 1H), 2.88 (td, J = 10.8, 5.4 Hz, 1H), 2.81 (dt, J = 16.2, 4.8 Hz, 1H), 2.00 – 

1.96 (m, 1H), 1.69 – 1.53 (m, 1H), 1.25 (d, J = 6.4 Hz, 3H). 13C NMR (150 MHz, 

CDCl3) δ 149.9, 148.4, 145.9, 127.8, 125.8, 125.4, 121.2, 120.3, 114.1, 47.2, 29.8, 26.6, 

22.5. HRMS (ESI) calcd for C15H16N2 [M+H]+: 224.1313, found: 224.1305. 

 

 
(S)-2-methyl-6-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoline (2j): 

Colorless oil, 86% yield, 92% ee; [α]20
D = -70.3 (c = 1.06, CHCl3). The ee was 

determined by HPLC on Chiralpak IJ-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 64.52 min 

(minor), tR2 = 78.21 min (major). 1H NMR (600 MHz, CDCl3) δ 7.25 (d, J = 7.8 Hz, 

2H), 7.14 (dd, J = 9.0, 4.8 Hz, 2H), 7.05 – 7.00 (m, 1H), 6.48 (d, J = 7.2 Hz, 1H), 3.80 

(s, 1H), 3.52 – 3.34 (m, 1H), 2.91 – 2.85 (m, 1H), 2.79 (dt, J = 16.2, 4.8 Hz, 1H), 2.06 
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– 1.86 (m, 1H), 1.73 – 1.51 (m, 1H), 1.24 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, 

CDCl3) δ 145.5, 144.4, 127.7, 127.0, 124.7, 123.5, 122.5, 121.1, 120.7, 114.0, 47.2, 

30.0, 26.5, 22.5. HRMS (ESI) calcd for C14H15NS [M+H]+: 229.0925, found: 229.0920. 

 

 

 
(S)-N,N-dibutyl-2-methyl-1,2,3,4-tetrahydroquinoline-6-carboxamide (2k): 

Colorless oil, 80% yield, 90% ee; [α]20
D = -56.2 (c = 0.86, CHCl3). The ee was 

determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 95:5; flow 

rate = 0.6 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 71.48 min 

(minor), tR2 = 75.53 min (major). 1H NMR (600 MHz, CDCl3) δ 6.95 (s, 1H), 6.91 (d, 

J = 8.4 Hz, 1H), 6.32 (d, J = 8.4 Hz, 1H), 4.08 (s, 1H), 3.44 – 3.09 (m, 5H), 2.71 (td, J 

= 11.4, 5.4 Hz, 1H), 2.65 – 2.58 (m, 1H), 1.83 (d, J = 3.6 Hz, 1H), 1.50 (d, J = 4.8 Hz, 

5H), 1.21 (s, 4H), 1.12 (d, J = 6.0 Hz, 3H), 0.83 (s, 6H). 13C NMR (150 MHz, CDCl3) 

δ 172.1, 145.6, 128.2, 125.6, 124.6, 119.8, 112.6, 46.8, 30.0, 29.5, 26.1, 22.1, 19.8, 13.5. 

HRMS (ESI) calcd for C19H30N2O [M+H]+: 302.2358, found: 302.2354. 

 

 
(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(morpholino)methanone (2l): 

Colorless oil, 74% yield, 80% ee; [α]20
D = -42.6 (c = 0.63, CHCl3). The ee was 

determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 67.62 min 

(minor), tR2 = 76.05 min (major). 1H NMR (600 MHz, CDCl3) δ 7.08 (s, 1H), 7.01 (d, 

J = 8.4 Hz, 1H), 6.37 (d, J = 7.8 Hz, 1H), 4.03 (s, 1H), 3.75 – 3.55 (m, 8H), 3.44 – 3.39 

(m, 1H), 2.81 – 2.75 (m, 1H), 2.73 – 2.68 (m, 1H), 1.97 – 1.81 (m, 1H), 1.58 – 1.50 (m, 

1H), 1.19 (d, J = 6.0 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 171.2, 146.4, 129.3, 126.7, 

122.4, 120.2, 112.6, 66.9, 47.0, 29.5, 26.3, 22.3. HRMS (ESI) calcd for C15H20N2O2 

[M+H]+: 260.1525, found: 260.1531. 
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(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(pyrrolidin-1-yl)methanone (2m): 

Colorless oil, 83% yield, 87% ee; [α]20
D = -38.6 (c = 0.74, CHCl3). The ee was 

determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 61.37 min 

(minor), tR2 = 69.30 min (major). 1H NMR (600 MHz, CDCl3) δ 7.21 (s, 1H), 7.16 (d, 

J = 7.8 Hz, 1H), 6.36 (d, J = 8.4 Hz, 1H), 4.02 (s, 1H), 3.64 – 3.46 (m, 4H), 3.42 – 3.38 

(m, 1H), 2.80 – 2.74 (m, 1H), 2.69 (dt, J = 16.2, 4.8 Hz, 1H), 2.02 – 1.71 (m, 5H), 1.61 

– 1.44 (m, 1H), 1.18 (d, J = 6.0 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 170.0, 146.3, 

129.2, 126.6, 124.6, 119.8, 112.4, 47.0, 29.6, 26.3, 22.3. HRMS (ESI) calcd for 

C15H20N2O [M+H]+: 244.1576, found: 244.1581. 

 

 

(S)-2-ethyl-1,2,3,4-tetrahydroquinoline (2n): 

Yellow oil, 85% yield, 94% ee; [α]20
D = -34.3 (c = 0.64, CHCl3); lit.5 [α]25

D = +75.9 [c 

= 1.76 CHCl3, 96% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 17.44 min (major), tR2 = 19.03 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.03 (t, J = 7.2 Hz, 2H), 6.67 (td, J = 7.2, 1.2 Hz, 1H), 6.54 

(d, J = 8.4 Hz, 1H), 3.26 – 3.18 (m, 1H), 3.02 – 2.60 (m, 2H), 2.07 – 2.00 (m, 1H), 1.72 

– 1.63 (m, 1H), 1.63 – 1.53 (m, 2H), 1.06 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 144.6, 129.1, 126.6, 121.3, 116.8, 113.9, 52.9, 29.3, 27.5, 26.3, 10.0. HRMS 

(ESI) calcd for C11H15N [M+H]+: 161.1204, found: 161.1203. 

 

 

 

(S)-2-propyl-1,2,3,4-tetrahydroquinoline (2o)： 

Yellow oil, 83% yield, 80% ee; [α]20
D = -46.9 (c = 0.81, CHCl3); lit.5 [α]25

D = +72.7 [c 

= 1.58 CHCl3, 93% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 26.72 min (major), tR2 = 33.33 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.00 (d, J = 7.2 Hz, 2H), 6.65 (td, J = 7.2, 1.2 Hz, 1H), 6.52 
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(d, J = 8.0 Hz, 1H), 3.56 (s, 1H), 3.33 – 3.26 (m, 1H), 2.93 – 2.65 (m, 2H), 2.11 – 1.90 

(m, 1H), 1.70 – 1.59 (m, 1H), 1.58 – 1.28 (m, 4H), 1.02 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 144.6, 129.2, 126.6, 121.3, 116.8, 114.0, 51.2, 38.8, 28.0, 26.4, 

18.8, 14.1. HRMS (ESI) calcd for C12H17N [M+H]+: 175.1361, found: 175.1356. 

 

 

(S)-2-butyl-1,2,3,4-tetrahydroquinoline (2p): 

Yellow oil, 83% yield, 85% ee; [α]20
D = -49.3 (c = 1.03, CHCl3); lit.5 [α]25

D = +79.9 [c 

= 1.0 CHCl3, 92% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H column, 

hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 25 ℃; UV 

detection at 254 nm; tR1 = 23.36 min (major), tR2 = 27.10 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.00 (t, J = 7.6 Hz, 2H), 6.64 (td, J = 7.2, 1.2 Hz, 1H), 6.56 – 6.46 (m, 

1H), 3.30 – 3.23 (m, 1H), 2.90 – 2.77 (m, 1H), 2.75 – 2.73 (m, 1H), 2.03 – 1.96 (m, 

1H), 1.69 – 1.59 (m, 1H), 1.57 – 1.50 (m, 2H), 1.44 – 1.39 (m, 4H), 0.98 (t, J = 7.2, 

3H). 13C NMR (100 MHz, CDCl3) δ 144.7, 129.2, 126.6, 121.3, 116.8, 114.0, 51.5, 

36.4, 28.0, 27.9, 26.4, 22.8, 14.0. HRMS (ESI) calcd for C13H19N [M+H]+: 189.1517, 

found: 189.1510. 

 

 

(S)-2-pentyl-1,2,3,4-tetrahydroquinoline (2q): 

Yellow oil, 80% yield, 85% ee; [α]20
D = -50.3 (c = 1.13, CHCl3); lit.5 [α]25

D = +73.1 [c 

= 1.02 CHCl3, 93% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H 

column, hexane: isopropanol = 90:10; flow rate = 0.5 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 13.73 min (major), tR2 = 14.82 min (minor). 1H 

NMR (400 MHz, CDCl3) δ 7.01 (t, J = 7.2 Hz, 2H), 6.65 (td, J = 7.2, 1.2 Hz, 1H), 6.52 

(d, J = 7.2 Hz, 1H), 3.31 – 3.24 (m, 1H), 2.90 – 2.82 (m, 1H), 2.77 (dt, J = 16.4, 4.8 Hz, 

1H), 2.04 – 1.96 (m, 2H), 1.70 – 1.60 (m, 1H), 1.59 – 1.49 (m, 2H), 1.48 – 1.23 (m, 

6H), 0.97 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 144.7, 129.2, 126.6, 121.3, 

116.8, 114.0, 51.5, 36.6, 31.9, 28.0, 26.4, 25.3, 22.6, 14.0. HRMS (ESI) calcd for 

C14H21N [M+H]+: 203.1674, found: 203.1668. 
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(R)-2-isobutyl-1,2,3,4-tetrahydroquinoline (2r): 

Yellow oil, 88% yield, 68% ee; [α]20
D = -19.3 (c = 0.53, CHCl3); lit.3 [α]25

D = +79.2 [c 

= 1.0 CHCl3, 88% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H column, 

hexane: isopropanol = 90:10; flow rate = 0.5 mL/min; column temperature 25 ℃; UV 

detection at 254 nm; tR1 = 13.59 min (major), tR2 = 16.87 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.00 (t, J = 7.2 Hz, 2H), 6.71 – 6.60 (m, 1H), 6.52 (d, J = 8.0 Hz, 1H), 

3.48 – 3.20 (m, 1H), 2.91 – 2.82 (m, 1H), 2.77 (dt, J = 16.2, 4.8 Hz, 1H), 2.11 – 1.89 

(m, 1H), 1.86 – 1.75 (m, 1H), 1.68 – 1.58 (m, 1H), 1.50 – 1.27 (m, 2H), 1.00 (d, J = 6.8 

Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 144.6, 129.2, 126.6, 121.3, 116.9, 114.0, 49.2, 

45.8, 28.5, 26.4, 24.4, 23.2, 22.4. HRMS (ESI) calcd for C13H19N [M+H]+: 189.1517, 

found: 189.1519. 

 

  

(R)-2-(cyclohexylmethyl)-1,2,3,4-tetrahydroquinoline (2s): 

Yellow oil, 72% yield, 80% ee; [α]20
D = -20.1 (c = 0.62, CHCl3). The ee was determined 

by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 95:5; flow rate = 0.6 

mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 12.00 min (major), 

tR2 = 13.03 min (minor). 1H NMR (400 MHz, CDCl3) δ 7.00 (t, J = 7.6 Hz, 2H), 6.64 

(t, J = 7.6 Hz, 1H), 6.52 (d, J = 8.0 Hz, 1H), 3.48 – 3.31 (m, 1H), 2.89 – 2.81 (m, 1H), 

2.80 – 2.69 (m, 1H), 2.00 – 1.95 (m, 1H), 1.84 – 1.70 (m, 5H), 1.68 – 1.52 (m, 1H), 

1.47 – 1.38 (m, 3H), 1.35 – 1.14 (m, 3H), 1.04 – 0.93 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 144.6, 129.2, 126.6, 121.3, 116.8, 114.0, 48.5, 44.4, 33.9, 33.9, 33.2, 28.5, 

26.5, 26.4, 26.3, 26.2. HRMS (ESI) calcd for C16H23N [M+H]+: 229.1830, found: 

229.1826. 

 

 

(S)-2-(2-cyclohexylethyl)-1,2,3,4-tetrahydroquinoline (2t): 

Yellow oil, 70% yield, 76% ee; [α]20
D = -13.2 (c = 0.43, CHCl3). The ee was determined 

by HPLC on Chiralpak OD-H column, hexane: isopropanol = 98:2; flow rate = 1 
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mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 6.27 min (minor), 

tR2 = 7.04 min (major). 1H NMR (600 MHz, CDCl3) δ 7.00 (t, J = 7.8 Hz, 2H), 6.65 (td, 

J = 7.8, 1.2 Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H), 3.37 (s, 1H), 3.27 – 3.22 (m, 1H), 2.89 – 

2.82 (m, 1H), 2.77 (dt, J = 10.2, 4.2 Hz, 1H), 2.03 – 1.98 (m, 1H), 1.85 – 1.73 (m, 4H), 

1.74 – 1.67 (m, 1H), 1.67 – 1.61 (m, 1H), 1.55 (td, J = 8.4, 6.0 Hz, 2H), 1.36 – 1.24 (m, 

5H), 1.22 (dt, J = 12.0, 3.6 Hz, 1H), 1.02 – 0.90 (m, 2H). 13C NMR (150 MHz, CDCl3) 

δ 144.8, 129.3, 126.7, 121.4, 116.9, 114.1, 52.0, 37.9, 34.1, 33.5, 33.5, 28.2, 26.8, 26.5, 

26.5. HRMS (ESI) calcd for C17H25N [M+H]+: 243.1987, found: 243.1995. 

 

(S)-2-(4-methoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2u): 

Yellow oil, 86% yield, 87% ee; [α]20
D = -48.6 (c = 1.11, CHCl3); lit.2 [α]25

D = -91.0 [c 

= 2.29, CHCl3, 89% ee (S)]. The ee was determined by HPLC on Chiralpak OD-H 

column, hexane: isopropanol = 95:5; flow rate = 1 mL/min; column temperature 25 ℃; 

UV detection at 254 nm; tR1 = 14.72 min (minor), tR2 = 17.15 min (major). 1H NMR 

(400 MHz, CDCl3) δ 7.18 (d, J = 9.2 Hz, 2H), 7.01 (d, J = 7.2 Hz, 2H), 6.90 (d, J = 8.8 

Hz, 2H), 6.66 (td, J = 7.2, 1.2 Hz, 1H), 6.51 (d, J = 7.2 Hz, 1H), 3.84 (s, 3H), 3.56 – 

3.18 (m, 1H), 2.97 – 2.79 (m, 2H), 2.77 – 2.60 (m, 2H), 2.13 – 1.99 (m, 1H), 1.97 – 

1.78 (m, 2H), 1.77 – 1.55 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 157.8, 144.5, 133.8, 

129.2, 126.6, 121.2, 116.9, 114.1, 113.8, 55.2, 51.0, 38.4, 31.2, 27.9, 26.2. HRMS (ESI) 

calcd for C18H21NO [M+H]+: 267.1623, found: 267.1630. 

 

 

(S)-2-phenethyl-1,2,3,4-tetrahydroquinoline (2v): 

Yellow oil, 85% yield, 87% ee; [α]20
D = -31.6 (c = 0.69, CHCl3); lit.3 [α]25

D = +73.4 [c 

= 1.0 CHCl3, 91% ee (R)]. The ee was determined by HPLC on Chiralpak OJ-H column, 

hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 25 ℃; UV 

detection at 254 nm; tR1 = 76.38 min (major), tR2 = 82.72 min (minor). 1H NMR (600 

MHz, CDCl3) δ 7.37 (dd, J = 8.4, 6.6 Hz, 2H), 7.28 (d, J = 7.8 Hz, 3H), 7.03 (t, J = 7.8 

Hz, 2H), 6.68 (td, J = 7.8, 1.2 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H), 3.81 (s, 1H), 3.38 – 

3.33 (m, 1H), 2.90 – 2.84 (m, 1H), 2.80 (t, J = 7.8 Hz, 3H), 2.08 – 2.03 (m, 1H), 1.91 – 

1.87 (m, 2H), 1.77 – 1.70 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 144.5, 141.8, 129.2, 
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128.4, 128.3, 126.7, 125.9, 121.2, 117.0, 114.1, 51.0, 38.2, 32.1, 27.9, 26.2. HRMS 

(ESI) calcd for C17H19N [M+H]+: 237.1517, found: 237.1510. 

 

 

(S)-2-(4-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2w): 

Yellow oil, 78% yield, 86% ee; [α]20
D = -46.9 (c = 1.03, CHCl3); lit.3 [α]25

D = +71.3 [c 

= 1.0 CHCl3, 92% ee (R)]. The ee was determined by HPLC on Chiralpak OD-H 

column, hexane: isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 

25 ℃; UV detection at 254 nm; tR1 = 10.92 min (minor), tR2 = 11.70 min (major). 1H 

NMR (600 MHz, CDCl3) δ 7.14 (s, 4H), 7.04 – 6.91 (m, 2H), 6.63 (td, J = 7.2, 1.2 Hz, 

1H), 6.48 (dd, J = 8.4, 1.2 Hz, 1H), 3.47 – 3.24 (m, 1H), 2.87 – 2.80 (m, 1H), 2.78 (t, J 

= 4.8 Hz, 1H), 2.75 – 2.71 (m, 2H), 2.36 (s, 3H), 2.05 – 1.99 (m, 1H), 1.90 – 1.77 (m, 

2H), 1.73 – 1.66 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 144.6, 138.8, 135.5, 129.3, 

129.2, 128.3, 126.8, 121.4, 117.0, 114.2, 51.1, 38.4, 31.7, 28.0, 26.3, 21.0. HRMS (ESI) 

calcd for C18H21N [M+H]+: 251.1674, found: 251.1680. 

 

 
(S)-2-(3-fluorophenethyl)-1,2,3,4-tetrahydroquinoline (2x): 

Yellow oil, 82% yield, 85% ee; [α]20
D = -63.4 (c = 1.21, CHCl3). The ee was determined 

by HPLC on Chiralpak OD-H column, hexane: isopropanol = 95:5; flow rate = 1 

mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 11.30 min (minor), 

tR2 = 13.79 min (major). 1H NMR (400 MHz, CDCl3) δ 7.30 (td, J = 7.6, 6.0 Hz, 1H), 

7.02 (t, J = 8.0 Hz, 3H), 7.00 – 6.89 (m, 2H), 6.67 (td, J = 7.2, 1.2 Hz, 1H), 6.52 (d, J 

= 8.0 Hz, 1H), 3.38 – 3.30 (m, 1H), 2.97 – 2.62 (m, 4H), 2.11 – 1.97 (m, 1H), 1.90 – 

1.83 (m, 2H), 1.78 – 1.67 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 162.9 (d, J = 245.4 

Hz), 144.4, 144.4, 129.8 (d, J = 8.3 Hz), 129.2, 126.7, 123.9 (d, J = 2.8 Hz), 121.2, 

117.1, 115.1 (d, J = 20.8 Hz), 114.1, 112.8 (d, J = 21.0 Hz), 50.9, 37.9, 31.7 (d, J = 1.8 

Hz), 27.8 26.1. 19F NMR (376 MHz, CDCl3) δ -113.40. HRMS (ESI) calcd for 

C17H18FN [M+H]+: 255.1423, found: 255.1419. 

 



 14

 

(S)-2-(3-chlorophenethyl)-1,2,3,4-tetrahydroquinoline (2y): 

Yellow oil, 85% yield, 83% ee; [α]20
D = -36.3 (c = 1.08, CHCl3). The ee was determined 

by HPLC on Chiralpak OD-H column, hexane: isopropanol = 90:10; flow rate = 0.8 

mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 16.46 min (minor), 

tR2 = 17.91 min (major). 1H NMR (600 MHz, CDCl3) δ 7.23 – 7.12 (m, 3H), 7.06 (d, J 

= 7.2 Hz, 1H), 6.95 (td, J = 7.2, 5.4 Hz, 2H), 6.60 (td, J = 7.2, 1.2 Hz, 1H), 6.45 (dd, J 

= 7.8, 1.2 Hz, 1H), 3.73 (s, 1H), 3.29 – 3.24 (m, 1H), 2.83 – 2.76 (m, 1H), 2.72 (dt, J = 

16.8, 4.8 Hz, 1H), 2.68 (t, J = 8.4 Hz, 2H), 1.99 – 1.94 (m, 1H), 1.85 – 1.73 (m, 2H), 

1.69 – 1.61 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 144.3, 143.8, 134.1, 129.6, 129.2, 

128.4, 126.7, 126.5, 126.1, 121.1, 117.0, 114.1, 50.9, 37.9, 31.65, 27.7, 26.0. HRMS 

(ESI) calcd for C17H18ClN [M+H]+: 271.1128, found: 271.1130. 

 

 

(S)-2-(2-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2z): 

Yellow oil, 83% yield, 82% ee; [α]20
D = -39.2 (c = 1.16, CHCl3). The ee was determined 

by HPLC on Chiralpak OD-H column, hexane: isopropanol = 95:5; flow rate = 1 

mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 15.27 min (minor), 

tR2 = 16.35 min (major). 1H NMR (400 MHz, CDCl3) δ 7.24 – 7.19 (m, 4H), 7.03 (d, J 

= 7.6 Hz, 2H), 6.68 (td, J = 7.6, 1.2 Hz, 1H), 6.52 (d, J = 7.6 Hz, 1H), 3.44 – 3.55 (m, 

1H), 3.02 – 2.82 (m, 2H), 2.81 – 2.73 (m, 2H), 2.40 (s, 3H), 2.18 – 2.01 (m, 1H), 1.94 

– 1.80 (m, 2H), 1.80 – 1.62 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 144.5, 140.0, 135.7, 

130.2, 129.2, 128.7, 126.7, 126.0, 126.0, 117.0 114.1, 51.4, 37.0, 29.4, 27.9, 26.2, 19.3. 

HRMS (ESI) calcd for C18H21N [M+H]+: 251.1674, found: 251.1676. 

 

 

(S)-2-(3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2aa): 

Light yellow oil, 90% yield, 91% ee; [α]20
D = -30.2 (c = 1.32, CHCl3); lit.2 [α]25

D = -

41.1 [c = 3.17, CHCl3, 88% ee (S)]. The ee was determined by HPLC on Chiralpak 

OD-H column, hexane: isopropanol = 95:5; flow rate = 1 mL/min; column temperature 
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25 ℃; UV detection at 254 nm; tR1 = 61.48 min (minor), tR2 = 73.16 min (major). 1H 

NMR (400 MHz, CDCl3) δ 6.98 – 6.95(m, 2H), 6.84 – 6.73 (m, 3H), 6.61 (td, J = 7.6, 

1.2 Hz, H), 6.46 (dd, J = 8.4, 1.2 Hz, 1H), 3.88 (d, J = 5.2 Hz, 6H), 3.52 – 3.20 (m, 1H), 

2.95 – 2.49 (m, 4H), 2.04 – 1.97 (m, 2H), 1.90 – 1.77 (m, 1H), 1.75 – 1.63 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ 148.9, 147.2, 144.4, 134.4, 129.2, 126.7, 121.2, 120.1, 117.0, 

114.1, 111.6, 111.2, 55.9, 55.8, 51.2, 38.4, 31.8, 28.0, 26.2. HRMS (ESI) calcd for 

C19H23NO2 [M+H]+: 297.1729, found: 297.1732. 

 

 

 

(S)-2-(2-(naphthalen-2-yl)ethyl)-1,2,3,4-tetrahydroquinoline (2ab): 

Light yellow oil, 75% yield, 99% ee; [α]20
D = -78.3 (c = 1.21, CHCl3). The ee was 

determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 85:15; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 51.11 min 

(minor), tR2 = 62.25 min (major). 1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 8.4, 1.6 

Hz, 1H), 7.87 (dd, J = 7.6, 1.6 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.58 – 7.46 (m, 2H), 

7.45 – 7.33 (m, 2H), 7.05 – 6.94 (m, 2H), 6.62 (td, J = 7.2, 1.2 Hz, 1H), 6.48 (dd, J = 

8.4, 1.2 Hz, 1H), 3.64 – 3.33 (m, 1H), 3.27 – 3.10 (m, 2H), 2.94 – 2.66 (m, 2H), 2.22 – 

2.03 (m, 1H), 2.04 – 1.93 (m, 2H), 1.86 – 1.69 (m, 2H). 13C NMR (100 MHz, CDCl3) 

δ 144.4, 137.9, 133.8, 131.6, 129.2, 128.8, 126.7, 126.7, 125.8, 125.8, 125.5, 125.5, 

123.5, 121.2, 117.0, 114.1, 51.3, 37.4, 29.1, 27.8, 26.2. HRMS (ESI) calcd for C21H21N 

[M+H]+: 287.1674, found: 287.1680. 

 

 

(S)-2-(but-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ac): 

Light yellow oil, 88% yield, 90% ee; [α]20
D = -39.2 (c = 0.64, CHCl3). The ee was 

determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 12.21 min 

(major), tR2 = 13.36 min (minor). 1H NMR (600 MHz, CDCl3) δ 7.00 (t, J = 8.4 Hz, 

2H), 6.64 (t, J = 7.2 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 5.93 – 5.85 (m, 1H), 5.18 – 4.99 

(m, 2H), 3.34 – 3.28 (m, 1H), 2.88 – 2.80 (m, 1H), 2.77 (dt, J = 16.2, 4.8 Hz, 1H), 2.22 
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(q, J = 7.2 Hz, 2H), 2.03 – 1.97 (m, 1H), 1.73 – 1.55 (m, 3H). 13C NMR (150 MHz, 

CDCl3) δ 144.5, 138.2, 129.2, 126.7, 121.2, 116.9, 114.9, 114.1, 51.0, 35.6, 30.0, 27.9, 

26.2. HRMS (ESI) calcd for C13H17N [M+H]+: 187.1361, found: 187.1353. 

 

 

(S,E)-2-(4-phenylbut-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ad): 

Light yellow oil, 86% yield, 90% ee; [α]20
D = -41.6 (c = 0.71, CHCl3). The ee was 

determined by HPLC on Chiralpak OD-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 18.68 min 

(minor), tR2 = 21.36 min (major). 1H NMR (600 MHz, CDCl3) δ 7.35 (d, J = 7.8 Hz, 

2H), 7.31 (t, J = 7.8 Hz, 2H), 7.21 (t, J = 7.8 Hz, 1H), 6.97 (t, J = 7.8 Hz, 2H), 6.61 (t, 

J = 7.2 Hz, 1H), 6.54 – 6.45 (m, 2H), 6.25 (dt, J = 16.2, 7.2 Hz, 1H), 3.84 (s, 1H), 3.36 

– 3.32(m, 1H), 2.85 – 2.79 (m, 1H), 2.75 (dt, J = 16.2, 4.8 Hz, 1H), 2.36 (q, J = 6.6 Hz, 

2H), 2.03 – 1.97 (m, 1H), 1.72 – 1.63 (m, 3H). 13C NMR (150 MHz, CDCl3) δ 144.5, 

137.5, 130.4, 130.1, 129.2, 128.5, 127.0, 126.7, 125.9, 121.3, 117.0, 114.1, 51.1, 36.1, 

29.3, 27.9, 26.2. HRMS (ESI) calcd for C19H21N [M+H]+: 263.1674, found: 263.1680. 

 

 

(S)-2-(pent-4-yn-1-yl)-1,2,3,4-tetrahydroquinoline (2ae): 

Light yellow oil, 80% yield, 87% ee; [α]20
D = -29.4 (c = 0.52, CHCl3). The ee was 

determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; column temperature 25 ℃; UV detection at 254 nm; tR1 = 32.89 min 

(major), tR2 = 40.87 min (minor). 1H NMR (600 MHz, CDCl3) δ 6.98 (t, J = 7.8 Hz, 

2H), 6.63 (td, J = 7.2, 1.2 Hz, 1H), 6.50 (dd, J = 7.8, 1.2 Hz, 1H), 3.43 – 3.15 (m, 1H), 

2.87 – 2.80 (m, 1H), 2.76 (dt, J = 16.2, 4.8 Hz, 1H), 2.27 (dt, J = 6.6, 3.0 Hz, 2H), 2.07 

– 1.92 (m, 2H), 1.75 – 1.58 (m, 5H). 13C NMR (150 MHz, CDCl3) δ 144.5, 129.2, 126.7, 

121.2, 117.0, 114.0, 84.1, 68.7, 51.0, 35.6, 27.8, 26.2, 24.5, 18.5. HRMS (ESI) calcd 

for C14H17N [M+H]+: 199.1361, found: 199.1354. 

 

N
H  
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2,3-dimethyl-1,2,3,4-tetrahydro-quinoline (2af): 

Light yellow oil, 93% yield, dr = 1.28:1, 97% ee, 89% ee; [α]20
D = -8.6 (c = 0.32, 

CHCl3). The dr and ee were determined by HPLC on Chiralpak OJ-H column, hexane: 

isopropanol = 90:10; flow rate = 0.8 mL/min; column temperature 25 ℃; UV detection 

at 254 nm; tR1 = 19.71 min (minor), tR2 = 23.25 min (major), tR3 = 25.15 min (major), 

tR4 = 29.00 min (minor). 1H NMR (600 MHz, CDCl3) δ 7.00 – 6.91 (m, 2H), 6.63 – 

6.57 (m, 1H), 6.47 (dd, J = 7.8, 1.2 Hz, 1H), 3.68 (s, 1H), 3.03 – 2.99 (m, 1H), 2.73 (dd, 

J = 16.2, 4.8 Hz, 1H), 2.57 – 2.42 (m, 1H), 1.66 - 1.60 (m, 1H), 1.20 (d, J = 6.0 Hz, 

3H), 1.02 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 144.5, 129.0, 126.7, 121.3, 

116.8, 113.4, 53.3, 35.5, 33.5, 20.8, 18.3. HRMS (ESI) calcd for C11H15N [M+H]+: 

161.1204, found: 161.1210. 

 

5. General procedure for gram-scale synthesis of (-)-cuspareine 

 

Under argon atmosphere, Mn(CO)5Br (0.1 mmol), L1 (0.11 mmol), degassed toluene 

(10 mL) was added into a tube and the mixture was heated to reflux for 4 h. The mixture 

was cooled to room temperature and concentrated to dryness, affording the crude Mn-

L1 complex. The Mn-L1 complex, TBAI (2 mmol), 1aa (5 mmol) and H2O (15 mL) 

were added in a 50mL Schlenk flask. The mixture was stirred for 60 min at 3 oC. 

(CH3)2NHBH3 (20 mmol) was added and the mixture was stirred at 3 oC for 50 h. The 

solvent was removed, and the mixture was purified by passing through a short column 

of silica gel to afford the corresponding product 2aa with 1.37 g, 92% yield in 91.5% 

ee. 

 

Under N2 atmosphere, a solution of 2aa (4.6 mmol) and 1M HCHO-AcOH solution 

(9.2 mL) was stirred at RT. The NaBH3CN (9.2 mmol) was added and the mixture was 

stirred at RT for 2h. Then, the solvent was removed under vacuum and 20 mL water 
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and 35 mL DCM were added. The organic phase was washed with aqueous sodium 

hydrogencarbonate (25 mL), aqueous sodium hydrogensulfate (25 mL) and water (25 

mL). The organic phase was dried over Na2SO4 and evaporated under vacumm. Finally, 

the crude product (-)-cuspareine was purified by column chromatography (ethyl acetate: 

petroleum ether = 1:15 to 1:20) on silica gel with 1.38g, 96% yield, 89% ee. 

 

 

(S)-2-(3,4-dimethoxyphenethyl)-1-methyl-1,2,3,4-tetrahydroquinoline (3aa): 

Light yellow oil, 96% yield, 89% ee; [α]20
D = -62.6 (c = 1.51, CHCl3). The ee was 

determined by HPLC on Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow 

rate = 1 mL/min; column temperature 25 ℃; UV detection at 210 nm; tR1 = 21.42 min 

(minor), tR2 = 45.66 min (major). 1H NMR (600 MHz, CDCl3) δ 7.17 – 7.08 (m, 1H), 

7.02 (dd, J = 7.2, 1.8 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.78 – 6.71 (m, 2H), 6.63 (td, 

J = 7.2, 1.2 Hz, 1H), 6.57 (d, J = 8.4 Hz, 1H), 3.90 (d, J = 10.2 Hz, 6H), 3.32 (dd, J = 

9.0, 4.2 Hz, 1H), 2.95 (s, 3H), 2.94 – 2.85 (m, 1H), 2.78 – 2.65 (m, 2H), 2.60 – 2.53 (m, 

1H), 2.04 – 1.89 (m, 3H), 1.81 – 1.73 (m, J = 13.9, 1H). 13C NMR (150 MHz, CDCl3) 

δ 148.8, 147.1, 145.2, 134.6, 128.6, 127.0, 121.6, 120.0, 115.3, 111.5, 111.2, 110.5, 

58.3, 55.8, 55.8, 38.0, 33.0, 31.8, 24.3, 23.5. HRMS (ESI) calcd for C20H25NO2 [M+H]+: 

311.1815, found: 311.1810. 

 

6. Isotopic labelling experiments 

 

  To gain further mechanistic insights, the ATH of 1a using (CH3)2NHBD3 instead of 

(CH3)2NHBH3 as the hydrogen source was examined. 

Under argon atmosphere, Mn(CO)5Br (0.02 mmol), L1 (0.022 mmol), degassed 

toluene (2 mL) was added into tube and the mixture was heated to reflux for 3 h. The 

mixture was cooled to room temperature and concentrated to dryness, affording the 

crude Mn-L1 complex. The Mn-L1 complex, TBAI (0.1 mmol), 1 (0.2 mmol) and H2O 

(1.0 mL) were added in a 10 mL Schlenk flask. The mixture was stirred for 10 min at 
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3 oC. (CH3)2NHBD3 was added and the mixture was stirred at 3 oC for 30 h. The solvent 

was removed, and the mixture was purified by passing through a short column of silica 

gel to afford the corresponding product. The product was dissolved in CDCl3 and 

analyzed through 2H NMR spectroscopy. 

The result indicated that the the hydrogen atoms added at N and C2 positions were 

from the (CH3)2NH motif in ammonia borane, and the hydrogen atoms at C1 and C3 

positions were from the BH3 motif in ammonia borane. 

 

7. References 

1. L. Wang, J. Lin, Q. Sun, C. Xia and W. Sun, Amino Acid Derived Chiral 

Aminobenzimidazole Manganese Catalysts for Asymmetric Transfer Hydrogenation of 

Ketones, ACS Catal., 2021, 11, 8033-8041. 

2. C. Liu, M. Wang, S. Liu, Y. Wang, Y. Peng, Y. Lan and Q. Liu, Manganese-

Catalyzed Asymmetric Hydrogenation of Quinolines Enabled by π–π Interaction**, 

Angew. Chem. Int. Ed., 2021, 60, 5108-5113. 

3.  M. Rueping and R.M. Koenigs, Brønsted acid differentiated metal catalysis by 

kinetic discrimination, Chem. Commun., 2011, 47, 304-306. 



 20

4.  L. Wang, J. Lin, C. Xia and W. Sun, Iridium-Catalyzed Asymmetric Transfer 

Hydrogenation of Quinolines in Biphasic System or Water, J. Org. Chem., 2021, 86, 

16641-16651. 

5.  W.-B. Wang, S.-M. Lu, P.-Y. Yang, X.-W. Han and Y.-G. Zhou, Highly 

Enantioselective Iridium-Catalyzed Hydrogenation of Heteroaromatic Compounds, 

Quinolines, J. Am. Chem. Soc., 2003, 125, 10536-10537. 

 

  



 21

8. Copies of NMR spectra 

(S)-3-methyl-1-(1-methyl-1H-benzo[d]imidazol-2-yl)butan-1-amine (L1) 
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(1S,2R)-2-methyl-1-(1-methyl-1H-benzo[d]imidazol-2-yl)butan-1-amine (L6) 
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N,N-dibutyl-2-methylquinoline-6-carboxamide (1k) 
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(2-methylquinolin-6-yl)(morpholino)methanone (1l) 
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(2-methylquinolin-6-yl)(pyrrolidin-1-yl)methanone (1m)： 
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(S)-2-methyl-1,2,3,4-tetrahydroquinoline (2a): 
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(S)-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinoline (2b): 
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(S)-6-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2c): 
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(S)-6-bromo-2-methyl-1,2,3,4-tetrahydroquinoline (2d): 
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(S)-6-iodo-2-methyl-1,2,3,4-tetrahydroquinoline (2e): 
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(S)-7-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2f):  
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(S)-6-methoxy-2-methyl-1,2,3,4-tetrahydroquinoline (2g): 
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(S)-2-methyl-6-phenyl-1,2,3,4-tetrahydroquinoline (2h): 
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(S)-2-methyl-6-(pyridin-4-yl)-1,2,3,4-tetrahydroquinoline (2i): 
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(S)-2-methyl-6-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoline (2j): 
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(S)-N,N-dibutyl-2-methyl-1,2,3,4-tetrahydroquinoline-6-carboxamide (2k): 

 

 
  



 38

(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(morpholino)methanone (2l): 
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(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(pyrrolidin-1-yl)methanone (2m): 
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(S)-2-ethyl-1,2,3,4-tetrahydroquinoline (2n): 
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(S)-2-propyl-1,2,3,4-tetrahydroquinoline (2o)： 
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(S)-2-butyl-1,2,3,4-tetrahydroquinoline (2p): 
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(S)-2-pentyl-1,2,3,4-tetrahydroquinoline (2q): 

 

 
  



 44

(R)-2-isobutyl-1,2,3,4-tetrahydroquinoline (2r): 
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(R)-2-(cyclohexylmethyl)-1,2,3,4-tetrahydroquinoline (2s): 
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(S)-2-(2-cyclohexylethyl)-1,2,3,4-tetrahydroquinoline (2t): 

 

 
  



 47

(S)-2-(4-methoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2u): 
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(S)-2-phenethyl-1,2,3,4-tetrahydroquinoline (2v): 
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(S)-2-(4-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2w): 
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(S)-2-(3-fluorophenethyl)-1,2,3,4-tetrahydroquinoline (2x): 
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(S)-2-(3-chlorophenethyl)-1,2,3,4-tetrahydroquinoline (2y): 
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(S)-2-(2-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2z): 
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(S)-2-(3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2aa): 
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(S)-2-(2-(naphthalen-2-yl)ethyl)-1,2,3,4-tetrahydroquinoline (2ab): 
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(S)-2-(but-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ac): 
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(S,E)-2-(4-phenylbut-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ad): 
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(S)-2-(pent-4-yn-1-yl)-1,2,3,4-tetrahydroquinoline (2ae): 
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2,3-dimethyl-1,2,3,4-tetrahydro-quinoline (2af): 
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(S)-2-(3,4-dimethoxyphenethyl)-1-methyl-1,2,3,4-tetrahydroquinoline (3aa): 
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9. Copies of HPLC charts 

(S)-2-methyl-1,2,3,4-tetrahydroquinoline (2a): 
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(S)-6-fluoro-2-methyl-1,2,3,4-tetrahydroquinoline (2b): 
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(S)-6-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2c): 

 

 

  



 64

(S)-6-bromo-2-methyl-1,2,3,4-tetrahydroquinoline (2d): 
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(S)-6-iodo-2-methyl-1,2,3,4-tetrahydroquinoline (2e): 
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(S)-7-chloro-2-methyl-1,2,3,4-tetrahydroquinoline (2f):  
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(S)-6-methoxy-2-methyl-1,2,3,4-tetrahydroquinoline (2g): 
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H3CO
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(S)-2-methyl-6-phenyl-1,2,3,4-tetrahydroquinoline (2h): 
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(S)-2-methyl-6-(pyridin-4-yl)-1,2,3,4-tetrahydroquinoline (2i): 
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(S)-2-methyl-6-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoline (2j): 
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(S)-N,N-dibutyl-2-methyl-1,2,3,4-tetrahydroquinoline-6-carboxamide (2k): 
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(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(morpholino)methanone (2l): 
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(S)-(2-methyl-1,2,3,4-tetrahydroquinolin-6-yl)(pyrrolidin-1-yl)methanone (2m): 
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(S)-2-ethyl-1,2,3,4-tetrahydroquinoline (2n): 
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(S)-2-propyl-1,2,3,4-tetrahydroquinoline (2o)： 
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(S)-2-butyl-1,2,3,4-tetrahydroquinoline (2p): 
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(S)-2-pentyl-1,2,3,4-tetrahydroquinoline (2q): 
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(R)-2-isobutyl-1,2,3,4-tetrahydroquinoline (2r): 
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(R)-2-(cyclohexylmethyl)-1,2,3,4-tetrahydroquinoline (2s): 
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(S)-2-(2-cyclohexylethyl)-1,2,3,4-tetrahydroquinoline (2t): 

 

 

  

N
H



 81

(S)-2-(4-methoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2u): 
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(S)-2-phenethyl-1,2,3,4-tetrahydroquinoline (2v): 
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(S)-2-(4-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2w): 
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(S)-2-(3-fluorophenethyl)-1,2,3,4-tetrahydroquinoline (2x): 
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(S)-2-(3-chlorophenethyl)-1,2,3,4-tetrahydroquinoline (2y): 
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(S)-2-(2-methylphenethyl)-1,2,3,4-tetrahydroquinoline (2z): 
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(S)-2-(3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydroquinoline (2aa): 
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(S)-2-(2-(naphthalen-2-yl)ethyl)-1,2,3,4-tetrahydroquinoline (2ab): 
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(S)-2-(but-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ac): 
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(S,E)-2-(4-phenylbut-3-en-1-yl)-1,2,3,4-tetrahydroquinoline (2ad): 
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(S)-2-(pent-4-yn-1-yl)-1,2,3,4-tetrahydroquinoline (2ae): 
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2,3-dimethyl-1,2,3,4-tetrahydro-quinoline (2af): 
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(S)-2-(3,4-dimethoxyphenethyl)-1-methyl-1,2,3,4-tetrahydroquinoline (3aa): 
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