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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. 
1
H NMR, 

13
C NMR and 

19
F NMR spectra 

were recorded at room temperature in CDCl3 or DMSO-d6 on 400 MHz instrument with 

tetramethylsilane (TMS) 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 chromatography was performed on silica gel (200-300 mesh). 

2. Synthesis of 3-Nitroquinolines 6 

3-Nitroquinoline derivatives can be conveniently synthesized according to the known 

literature procedure.
1,2

 The compounds 2-phenyl-3-nitroquinoline (6a), 2-m-tolyl-3-nitroquino- 

line (6b), 2-p-tolyl-3-nitroquinoline (6c), 2-(4-methoxyphenyl)-3-nitroquinoline (6e), 2-(4-chloro- 

phenyl)-3-nitroquinoline (6f), 2-(4-bromophenyl)-3-nitroquinoline (6g), 2-(4-fluorophenyl)-3-ni- 

troquinoline (6h), 2-(4-trifluoromethylphenyl)-3-nitroquinoline (6i), 2-naphthyl-3-nitroquinoline 

(6j), 2-phenyl-6-fluoro-3-nitroquinoline (6k) are known compounds. 

 

A mixture of 2-chloro-3-nitroquinoline (50 mg, 0.24 mmol), boronic acid (0.29 mmol), 

Pd(PPh3)4 (17 mg, 0.01 mmol) and K2CO3 (99 mg, 0.72 mmol) in DME (dimethoxyethane, 6 mL) 

was stirred at reflux for 2 h, then cooled to rt, diluted with water (15mL), then extracted with 

CH2Cl2 (15 mL×3). The combined organic layers were dried with Na2SO4. After filtration, the 

solvent was removed under the reduced pressure and the residue was purified by flash 

chromatography on silica gel to yield the corresponding products. 

2-(4-tert-Butylphenyl)-3-nitroquinoline (6d): 97% yield, light yellow solid, mp 134-136 
o
C, 

Rf = 0.60 (petroleum ether/EtOAc 10:1). 1H NMR (400 MHz, CDCl3) δ = 8.63 (s, 1H), 8.21 (d, J = 

8.5, 1H), 7.95 (d, J = 8.2, 1H), 7.88 (dd, J = 8.3, 7.2, 1H), 7.66 (t, J = 7.6, 1H), 

7.63-7.57 (m, 2H), 7.51 (d, J = 8.3, 2H), 1.36 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ = 152.9, 152.1, 148.5, 144.1, 134.1, 132.7, 132.4, 129.8, 128.5, 

128.3, 127.9, 125.8, 125.5, 34.8, 31.3; HRMS Calculated for C19H19N2O2 

[M+H]
+
 307.1447, found 307.1443. 

2-(Pyridin-3-yl)-3-nitroquinoline (6l): 97% yield, yellowish-brown solid, mp 207-209 
o
C, 

Rf = 0.30 (petroleum ether/EtOAc 1:1). 
1
H NMR (400 MHz, CDCl3) δ = 8.91 (s, 1H), 8.80 (s, 1H), 

8.74 (d, J = 4.0, 1H), 8.24 (d, J = 8.5, 1H), 8.02 (d, J = 8.1, 1H), 7.95 (t, J = 

7.7, 2H), 7.74 (t, J = 7.5, 1H), 7.43 (dd, J = 7.3, 5.1, 1H); 
13

C NMR (100 

MHz, CDCl3) δ = 150.4, 149.4, 149.1, 148.6, 143.4, 135.6, 133.4, 133.4, 

133.3, 129.9, 129.0, 128.8, 125.8, 123.2; HRMS Calculated for C14H10N3O2 

[M+H]
+
 252.0773, found 252.0775.

                                                             

1 Yan, M.-C.; Tu, Z.; Lin, C.; Ko, S.; Hsu, J.; Yao, C.-F. J. Org. Chem. 2004, 69, 1565. 

2 Cai, X.-F.; Chen, M.-W.; Ye, Z.-S.; Guo, R.-N.; Shi, L.; Li, Y.-Q.; Zhou, Y.-G. Chem. Asian J. 2013, 8, 1381  
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3. Synthesis of Quinolin-3-amines 1 

 

To a solution of 6 (0.60 mmol) in a mixed solvent of ethanol and H2O with a ratio of 4/1 (5 

mL) was added iron powder (134 mg, 2.40 mmol) followed by HCl (0.1 M, 0.3 mL, 0.03 mmol), 

and the resulting mixture was vigorously stirred at 85 
o
C for 0.5-1.5 h. When the reduction 

reaction was complete (determined by TLC), saturated NaHCO3 (5 mL) was added and the 

mixture was filtered through celite. The combined organic layers were dried (Na2SO4). After 

filtration, the solvent was removed under reduced pressure and the crude product was pure enough 

for further reaction. 

In a 25 mL round-bottom flask, the crude product, 4-methylbenzene-1-sulfonyl chloride 

(TsCl, 137 mg, 0.72 mmol) and 4-dimethylaminopyridine (DMAP, 22 mg, 0.18 mmol, 30 mol%) 

were combined in pyridine (5 mL). The resulting mixture was refluxed for 18 h. The solvent was 

removed under reduced pressure, the residue was resolved in CH2Cl2 (10 mL) and washed with 

water (15 mL). The combined organic layers were dried (Na2SO4). After filtration, the solvent was 

removed under reduced pressure and the residue was purified by flash chromatography on silica 

gel to yield the product. 

4-Methyl-N-(2-phenylquinolin-3-yl)benzenesulfonamide (1a): 79% yield, white solid, mp 

207-209 
o
C, Rf = 0.30 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, CDCl3) δ = 8.45 (s, 1H), 

8.03 (d, J = 8.2, 1H), 7.85 (d, J = 8.0, 1H), 7.65 (t, J = 7.2, 1H), 7.60-7.47 (m, 

3H), 7.42 (d, J = 7.2, 3H), 7.15 (dd, J = 15.9, 7.0, 4H), 6.85 (s, 1H), 2.36 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ = 153.5, 145.3, 144.6, 136.8, 136.1, 

130.0, 129.5, 129.5, 129.4, 129.3, 128.6, 128.6, 127.9, 127.7, 127.5, 127.3, 

126.6, 21.7; HRMS Calculated for C22H19N2O2S [M+H]
+
 375.1167, found 375.1174. 

4-Methyl-N-(2-m-tolylquinolin-3-yl)benzenesulfonamide (1b): 53% yield, white solid, mp 

217-219 
o
C, Rf = 0.40 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, CDCl3) δ = 8.47 (s, 1H), 

8.03 (d, J = 8.4, 1H), 7.86 (d, J = 8.0, 1H), 7.66 (dd, J = 11.2, 4.1, 1H), 7.56 

(t, J = 7.5, 1H), 7.49 (d, J = 8.2, 2H), 7.31 (t, J = 7.5, 1H), 7.26 (d, J = 3.9, 

1H), 7.17 (d, J = 8.1, 2H), 6.92 (d, J = 7.3, 1H), 6.87 (s, 1H), 6.80 (s, 1H), 

2.37 (s, 3H), 2.35 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 153.5, 145.1, 

144.3, 139.2, 136.5, 136.0, 130.2, 129.8, 129.2, 129.2, 129.1, 129.0, 128.5, 127.7, 127.5, 127.3, 

127.1, 126.3, 125.3, 21.5, 21.4; HRMS Calculated for C23H21N2O2S [M+H]
+
 389.1324, found 

389.1332. 

4-Methyl-N-(2-p-tolylquinolin-3-yl)benzenesulfonamide (1c): 55% yield, white solid, mp 

281-283 
o
C, Rf = 0.40 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, CDCl3) δ = 8.43 (s, 1H), 

8.01 (d, J = 8.4, 1H), 7.84 (d, J = 8.0, 1H), 7.64 (t, J = 7.5, 1H), 7.54 (t, J = 

8.1, 3H), 7.21 (dd, J = 22.6, 7.9, 4H), 7.04 (d, J = 7.7, 2H), 6.82 (s, 1H), 

2.42 (s, 3H), 2.37 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 153.2, 145.1, 

144.4, 139.5, 135.9, 133.7, 130.0, 129.8, 129.2, 129.0, 128.6, 128.3, 127.7, 
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127.4, 127.2, 127.2, 125.6, 21.5, 21.3; HRMS Calculated for C23H21N2O2S [M+H]
+
 389.1324, 

found 389.1331. 

N-(2-(4-tert-Butylphenyl)quinolin-3-yl)-4-methylbenzenesulfonamide (1d): 65% yield, 

white solid, mp 193-195 
o
C, Rf = 0.40 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, CDCl3) 

δ = 8.42 (s, 1H), 8.02 (d, J = 8.4, 1H), 7.84 (d, J = 8.1, 1H), 7.68–7.61 (m, 

1H), 7.58–7.50 (m, 3H), 7.45 (d, J = 8.3, 2H), 7.18 (d, J = 8.1, 2H), 7.12 

(d, J = 8.2, 2H), 6.89 (s, 1H), 2.38 (s, 3H), 1.38 (s, 9H); 13
C NMR (100 

MHz, CDCl3) δ = 153.1, 152.6, 145.1, 144.3, 135.9, 133.7, 129.8, 129.2, 

129.0, 128.5, 128.1, 127.7, 127.4, 127.2, 127.2, 126.3, 125.6, 34.8, 31.3, 21.5; HRMS Calculated 

for C26H27N2O2S [M+H]
+
 431.1793, found 431.1788. 

N-(2-(4-Methoxyphenyl)quinolin-3-yl)-4-methylbenzenesulfonamide (1e): 62% yield, 

white solid, mp 243-245 
o
C, Rf = 0.50 (petroleum ether/EtOAc 2:1). 

1
H NMR (400 MHz, 

DMSO-d6) δ = 9.90 (s, 1H), 8.09-7.84 (m, 3H), 7.80-7.67 (m, 1H), 

7.53 (dd, J = 24.5, 7.3, 5H), 7.26 (d, J = 7.2, 2H), 6.96 (d, J = 7.8, 2H), 

3.84 (s, 3H), 2.36 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 160.1, 

156.6, 146.0, 143.5, 137.8, 133.1, 131.2, 131.1, 130.2, 130.0, 129.0, 

128.7, 128.0, 127.3, 127.1, 127.1, 113.7, 55.7, 21.5; HRMS Calculated for C23H21N2O3S [M+H]
+
 

405.1273, found 405.1269. 

N-(2-(4-Chlorophenyl)quinolin-3-yl)-4-methylbenzenesulfonamide (1f): 42% yield, white 

solid, mp 260-262 
o
C, Rf = 0.40 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, DMSO-d6) δ = 

10.02 (s, 1H), 8.08 (s, 1H), 7.97 (dd, J = 18.3, 8.2, 2H), 7.76 (t, J = 7.3, 

1H), 7.67-7.52 (m, 3H), 7.45 (t, J = 6.9, 4H), 7.25 (d, J = 7.8, 2H), 2.36 (s, 

3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 156.0, 146.0, 143.7, 137.6, 

137.5, 134.1, 133.8, 131.6, 130.5, 130.0, 129.1, 128.6, 128.2, 128.1, 127.8, 

127.5, 127.0, 21.5; HRMS Calculated for C22H18ClN2O2S [M+H]
+
 409.0778, found 409.0766. 

N-(2-(4-Bromophenyl)quinolin-3-yl)-4-methylbenzenesulfonamide (1g): 55% yield, white 

solid, mp 281-283 
o
C, Rf = 0.15 (petroleum ether/EtOAc 10:1). 

1
H NMR (400 MHz, DMSO-d6) δ 

= 10.02 (s, 1H), 8.07 (s, 1H), 7.97 (dd, J = 16.1, 8.2, 2H), 7.76 (t, J = 7.4, 

1H), 7.60 (dd, J = 17.0, 7.9, 3H), 7.46 (dd, J = 15.0, 8.2, 4H), 7.25 (d, J = 

7.9, 2H), 2.37 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 156.1, 146.0, 

143.6, 137.9, 137.7, 134.0, 131.9, 131.2, 130.5, 130.0, 129.1, 128.7, 128.1, 

127.8, 127.5, 127.0, 122.6, 21.5; HRMS Calculated for C22H18BrN2O2S [M+H]
+
 453.0272, found 

453.0267. 

N-(2-(4-Fluorophenyl)quinolin-3-yl)-4-methylbenzenesulfonamide (1h): 51% yield, white 

solid, mp 278-280 
o
C, Rf = 0.40 (petroleum ether/EtOAc 10:1). 

1
H NMR (400 MHz, CDCl3) δ = 

8.44 (s, 1H), 8.02 (d, J = 8.4, 1H), 7.86 (d, J = 8.1, 1H), 7.67 (dd, J = 11.2, 

4.1, 1H), 7.62-7.48 (m, 3H), 7.20 (d, J = 8.1, 2H), 7.13 (p, J = 8.8, 4H), 

6.68 (s, 1H), 2.39 (s, 3H);
 13

C NMR (100 MHz, DMSO-d6) δ = 162.8 (d, 
1
JFC = 245.6 Hz), 156.2, 146.0, 143.6, 137.7, 135.1 (d, 

4
JFC = 2.2 Hz), 
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133.9, 132.0 (d, 
3
JFC = 8.6 Hz), 130.4, 130.0, 129.1, 128.6, 128.1, 127.7, 127.4, 127.0, 115.1 (d, 

2
JFC = 21.3 Hz), 21.4; 

19
F NMR (376 MHz, CDCl3) δ = -111.2; HRMS Calculated for 

C22H18FN2O2S [M+H]
+
 393.1073, found 393.1065. 

4-Methyl-N-(2-(4-(trifluoromethyl)phenyl)quinolin-3-yl)benzenesulfonamide (1i): 47% 

yield, white solid, mp 252-254 
o
C, Rf = 0.15 (petroleum ether/EtOAc 10:1). 

1
H NMR (400 MHz, 

CDCl3) δ = 8.46 (s, 1H), 8.03 (d, J = 8.4, 1H), 7.88 (d, J = 8.1, 1H), 7.65 

(tt, J = 15.0, 7.4, 4H), 7.49 (d, J = 8.1, 2H), 7.29 (d, J = 7.9, 2H), 7.19 (d, 

J = 8.0, 2H), 6.64 (s, 1H), 2.39 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 

152.1, 145.4, 144.6, 140.5, 136.0, 131.6, 131.2, 130.9, 129.9, 129.6, 

129.3, 129.1, 128.2, 128.0, 127.9, 127.8, 127.6, 127.1, 126.1, 126.1, 126.0, 126.0, 125.2, 122.4, 

21.5; 
19

F NMR (376 MHz, CDCl3) δ = -62.9; HRMS Calculated for C23H18F3N2O2S [M+H]
+
 

443.1041, found 443.1037. 

4-Methyl-N-(2-(naphthalen-2-yl)quinolin-3-yl)benzenesulfonamide (1j): 52% yield, white 

solid, mp 292-294 
o
C, Rf = 0.30 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, DMSO-d6) δ = 

10.06 (s, 1H), 8.19 (s, 1H), 8.01 (dd, J = 16.1, 7.4, 4H), 7.91 (dd, J = 10.2, 

5.6, 2H), 7.77 (t, J = 7.5, 1H), 7.70-7.55 (m, 4H), 7.42 (d, J = 8.1, 2H), 

7.09 (d, J = 8.0, 2H), 2.26 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 

156.8, 146.0, 143.5, 137.7, 136.1, 133.3, 133.2, 133.0, 130.3, 129.9, 

129.1, 129.1, 129.0, 128.8, 128.1, 127.9, 127.6, 127.6, 127.6, 127.5, 127.1, 126.9, 126.6, 21.4; 

HRMS Calculated for C26H21N2O2S [M+H]
+
 425.1324, found 425.1317. 

N-(6-Fluoro-2-phenylquinolin-3-yl)-4-methylbenzenesulfonamide (1k): 60% yield, white 

solid, mp 216-218 
o
C, Rf = 0.15 (petroleum ether/CH2Cl2 1:3). 

1
H NMR (400 MHz, CDCl3) δ = 

8.36 (s, 1H), 8.01 (dd, J = 8.0, 5.2, 1H), 7.54 (d, J = 7.5, 2H), 7.42 (dd, J = 

21.4, 7.7, 5H), 7.18 (dd, J = 14.8, 6.8, 4H), 6.83 (s, 1H), 2.38 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ = 161.1 (d, 
1
JFC = 249.3 Hz), 152.3 (d, 

4
JFC = 

2.9 Hz), 144.6, 142.1, 136.3, 135.9, 131.8 (d, 
3
JFC = 9.4 Hz), 129.9, 129.5, 

129.4, 129.3, 128.6, 128.4, 127.2, 124.7 (d, 
3
JFC = 5.4 Hz), 119.3 (d, 

2
JFC = 25.9 Hz), 110.4 (d, 

2
JFC = 22.2 Hz), 21.5; 

19
F NMR (376 MHz, CDCl3) δ = -112.1; HRMS Calculated for 

C22H18FN2O2S [M+H]
+
 393.1073, found 393.1065. 

4-Methyl-N-(2-(pyridin-3-yl)quinolin-3-yl)benzenesulfonamide (1l): 58% yield, white 

solid, mp 192-194 
o
C, Rf = 0.30 (petroleum ether/EtOAc 5:1). 

1
H NMR (400 MHz, CDCl3) δ = 

8.62 (d, J = 4.5, 1H), 8.43 (s, 2H), 8.03 (d, J = 8.4, 1H), 7.86 (d, J = 8.1, 1H), 

7.70 (t, J = 7.6, 1H), 7.57 (dd, J = 21.7, 8.3, 4H), 7.41 (s, 1H), 7.31 (dd, J = 

7.5, 5.0, 1H), 7.20 (d, J = 8.0, 2H), 2.39 (s, 3H); 13
C NMR (100 MHz, CDCl3) 

δ = 151.0, 150.0, 149.4, 145.6, 144.5, 136.4, 136.2, 133.2, 129.9, 129.6, 

129.3, 128.9, 128.5, 127.9, 127.7, 127.6, 127.1, 123.5, 21.5; HRMS Calculated for C21H18N3O2S 

[M+H]
+
 376.1120, found 376.1116.
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4. Synthesis of tert-butyl 2-phenylquinolin-3-ylcarbamate 7 

 

Under an nitrogen atmosphere and at 0 ºC, a solution of 2-phenylquinolin-3-amine (100 mg, 

0.45 mol) in THF (5 mL) was charged with 1.0 M lithium bis(trimethylsilyl)amide in THF/PhEt 

(1.1 mL, 1.1 mmol), followed by di-tert-butyl dicarbonate ((Boc)2O, 119 mg, 0.55 mmol) in THF 

(4 mL). The cold bath was removed and the viscous mixture was allowed to stir for 5 h. The 

solvent was evaporated, dissolved in dichloromethane (10 mL) and washed with 0.05 M HCl (10 

mL) and brine. The combined organic layers were dried (Na2SO4). After filtration, the solvent was 

removed under reduced pressure and the residue was purified by flash chromatography on silica 

gel to yield the product. 

tert-Butyl 2-phenylquinolin-3-ylcarbamate (7): 71% yield, white solid, mp 144-146 
o
C, Rf 

= 0.70 (petroleum ether/EtOAc 5:1). 
1
H NMR (400 MHz, CDCl3) δ = 8.92 (s, 1H), 8.05 (d, J = 8.0, 

1H), 7.81 (d, J = 7.5, 1H), 7.71-7.45 (m, 7H), 6.80 (s, 1H), 1.51 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) δ = 152.9, 151.6, 144.3, 137.7, 130.2, 129.5, 129.4, 

129.3, 129.1, 128.3, 128.2, 127.5, 127.2, 123.3, 81.5, 28.5; HRMS Calculated 

for C20H21N2O2 [M+H]
+
 321.1603, found 321.1600. 

5. Asymmetric Transfer Hydrogenation of 7 

 

A mixture of 7 (0.125 mmol), Hantzsch ester 2a (76 mg, 0.30 mmol, 2.4 equiv), and chiral 

phosphoric acid (S)-3a (3.2 mg, 0.00625 mmol, 5 mol%) in 1,4-dioxane (3 mL) was stirred at 25 
o
C under nitrogen for 24 h. After the reaction was completed (determined by TLC), the solvent 

was removed under reduced pressure. Purification was performed by a silica gel column to give 

the desired product. The enantiomeric excesses were determined by chiral HPLC. 

tert-Butyl 2-phenyl-1,2,3,4-tetrahydroquinolin-3-ylcarbamate (8): 70% yield, 42% ee, 

white solid, mp 55-57 
o
C, []

20
D = -41.5 (c 0.20, CH2Cl2), Rf = 0.70 (petroleum ether/CH2Cl2/ 

EtOAc 10:10:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.40-7.29 (m, 5H), 7.04 (dd, 

J = 16.2, 7.9, 2H), 6.72 (t, J = 7.3, 1H), 6.60 (d, J = 7.9, 1H), 4.89 (d, J = 9.1, 

1H), 4.59 (s, 1H), 4.27 (d, J = 4.9, 1H), 4.02 (s, 1H), 3.20 (dd, J = 16.4, 4.6, 

1H), 2.79 (dd, J = 16.4,  3.7, 1H), 1.30 (s, 9H); 
13

C NMR (100 MHz, CDCl3) 

δ = 155.3, 143.9, 140.6, 130.4, 128.5, 127.8, 127.3, 126.9, 118.4, 118.4, 114.3, 79.1, 58.3, 47.9, 

33.7, 28.3; HRMS Calculated for C20H25N2O2 [M+H]
+
 325.1916, found 325.1910; HPLC: 

Chirapak OJ-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, 

retention time 7.5 min and 10.3 min (major).
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6. Asymmetric Transfer Hydrogenation of Quinolin-3-amines 1 

 

A mixture of quinolin-3-amine 1 (0.125 mmol), Hantzsch ester 2a (76 mg, 0.30 mmol, 2.4 

equiv), and chiral phosphoric acid (S)-3f (4.7 mg, 0.00625 mmol, 5 mol%) in 1,4-dioxane/CH2Cl2 

(2:1, 3 mL) was stirred at 25 
o
C under nitrogen for 24 h. After the reaction was completed 

(determined by TLC), the solvent was removed under reduced pressure. The residue was purified 

by flash chromatography on silica gel to yield desire product. The enantiomeric excesses were 

determined by chiral HPLC. 

4-Methyl-N-((2S,3S)-2-phenyl-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfonamide (4a)
2
: 

94% yield, 95% ee, white solid, mp 175-177 
o
C, []

20
D = +73.2 (c 0.88, CH2Cl2) [lit.

2
: []

18
D = 

+82.9 (c 0.14, CHCl3) for >99% ee (2S,3S)], Rf = 0.40 (petroleum 

ether/EtOAc 5:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.35 (d, J = 8.2, 2H), 

7.25-7.17 (m, 5H), 7.04 (t, J = 8.8, 3H), 6.93 (d, J = 7.4, 1H), 6.72 (t, J = 7.4, 

1H), 6.60 (d, J = 7.9, 1H), 4.84 (d, J = 8.7, 1H), 4.49 (s, 1H), 3.99 (s, 1H), 

3.84 (dd, J = 7.8, 3.5, 1H), 3.07 (dd, J = 16.2, 3.9, 1H), 2.89 (dd, J = 16.5, 4.2, 1H), 2.36 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 143.6, 142.9, 139.7, 137.6, 130.6, 129.6, 128.7, 128.0, 127.6, 

126.9, 126.8, 119.0, 118.2, 114.7, 58.4, 51.6, 34.4, 21.6; HPLC: Chirapak AD-H column, 254 nm, 

30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 15.0 min (major) and 20.1 

min. 

4-Methyl-N-((2S,3S)-2-m-tolyl-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfonamide (4b): 

96% yield, 97% ee, white solid, mp 197-199 
o
C, []

20
D = +71.3 (c 0.94, CH2Cl2), Rf = 0.45 

(petroleum ether/EtOAc 5:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.31 (d, J = 

7.9, 2H), 7.15-6.90 (m, 8H), 6.72 (t, J = 7.3, 1H), 6.59 (d, J = 7.9, 1H), 4.86 

(d, J = 8.4, 1H), 4.43 (s, 1H), 3.93 (s, 1H), 3.81 (d, J = 4.1, 1H), 3.11 (dd, J 

= 16.4, 3.3, 1H), 2.96 (dd, J = 16.4, 2.9, 1H), 2.35 (s, 3H), 2.24 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ = 143.5, 142.5, 139.5, 138.2, 137.5, 130.5, 129.3, 128.6, 128.5, 127.4, 

127.3, 126.6, 123.6, 118.9, 118.2, 114.6, 58.1, 51.6, 34.6, 21.4, 21.4; HRMS Calculated for 

C23H25N2O2S [M+H]
+
 393.1637, found 393.1632; HPLC: Chirapak AD-H column, 254 nm, 30 

o
C, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.8 min (major) and 16.3 min. 

4-Methyl-N-((2S,3S)-2-p-tolyl-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfonamide (4c): 

98% yield, 91% ee, white solid, mp 240-242 
o
C, []

20
D = +59.5 (c 0.92, CH2Cl2), Rf = 0.45 

(petroleum ether/EtOAc 5:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.35 (d, J = 

8.2, 2H), 7.11-6.96 (m, 7H), 6.93 (d, J = 7.5, 1H), 6.71 (t, J = 7.4, 1H), 6.58 

(d, J = 7.9, 1H), 4.82 (d, J = 8.3, 1H), 4.44 (s, 1H), 3.94 (s, 1H), 3.80 (td, J 

= 7.0, 4.0, 1H), 3.07 (dd, J = 16.4, 4.0, 1H), 2.89 (dd, J = 16.5, 4.1, 1H), 

2.37 (s, 3H), 2.32 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 143.5, 142.5, 137.6, 136.5, 130.4, 

129.2, 129.2, 127.4, 126.7, 126.5, 118.8, 118.1, 114.5, 57.9, 51.5, 34.3, 21.5, 21.1; HRMS 

Calculated for C23H25N2O2S [M+H]
+
 393.1637, found 393.1635; HPLC: Chirapak AD-H column, 



 S7 

254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 14.1 min (major) 

and 21.2 min. 

N-((2S,3S)-2-(4-tert-Butylphenyl)-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfo

namide (4d): 93% yield, 94% ee, white solid, mp 201-203 
o
C, []

20
D = +28.7 (c 1.00, CH2Cl2), Rf 

= 0.30 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, CDCl3) δ = 

7.42 (d, J = 8.2, 2H), 7.27 (d, J = 8.3, 2H), 7.17 (d, J = 8.3, 2H), 7.11-7.00 

(m, 3H), 6.90 (d, J = 7.4, 1H), 6.70 (t, J = 7.4, 1H), 6.56 (d, J = 7.9, 1H), 

4.78 (d, J = 8.8, 1H), 4.46 (d, J = 2.3, 1H), 4.00 (s, 1H), 3.84 (td, J = 8.1, 

4.6, 1H), 3.01 (dd, J = 16.4, 4.1, 1H), 2.88 (dd, J = 16.5, 5.0, 1H), 2.35 (s, 3H), 1.32 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) δ = 151.0, 143.5, 142.7, 137.7, 136.6, 130.3, 129.3, 127.5, 126.9, 126.7, 

125.5, 118.6, 118.0, 114.4, 58.0, 51.2, 34.5, 33.7, 31.4, 21.5; HRMS Calculated for C26H31N2O2S 

[M+H]
+
 435.2106, found 435.2095; HPLC: Chirapak AD-H column, 254 nm, 30 

o
C, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 10.4 min (major) and 19.5 min. 

N-((2S,3S)-2-(4-methoxyphenyl)-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfo

namide (4e): 96% yield, 99% ee, white solid, mp 195-197 
o
C, []

20
D = +49.2 (c 0.98, CH2Cl2), Rf 

= 0.15 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, CDCl3) δ = 

7.36 (d, J = 8.2, 2H), 7.09 (d, J = 8.6, 2H), 7.03 (t, J = 6.7, 3H), 6.93 (d, 

J = 7.5, 1H), 6.71 (t, J = 7.6, 3H), 6.57 (d, J = 7.9, 1H), 4.82 (d, J = 8.6, 

1H), 4.42 (d, J = 1.7, 1H), 3.94 (s, 1H), 3.79 (d, J = 6.5, 4H), 3.07 (dd, J 

= 16.4, 4.0, 1H), 2.87 (dd, J = 16.5, 4.1, 1H), 2.36 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 159.4, 

143.5, 142.7, 137.6, 131.5, 130.4, 129.3, 127.7, 127.4, 126.7, 118.8, 118.0, 114.5, 113.9, 57.6, 

55.2, 51.6, 34.3, 21.4; HRMS Calculated for C23H25N2O3S [M+H]
+
 409.1586, found 409.1573; 

HPLC: Chirapak AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, 

retention time 17.8 min (major) and 30.1 min. 

N-((2S,3S)-2-(4-Chlorophenyl)-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfona

mide (4f): 97% yield, 95% ee, white solid, mp 260-262 
o
C, []

20
D = +52.0 (c 0.88, CH2Cl2), Rf = 

0.20 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.33 

(d, J = 8.2, 2H), 7.13-7.04 (m, 7H), 6.99 (d, J = 7.4, 1H), 6.76 (t, J = 7.4, 

1H), 6.61 (d, J = 8.1, 1H), 4.87 (d, J = 8.9, 1H), 4.47 (s, 1H), 3.90 (s, 1H), 

3.80 (d, J = 5.6, 1H), 3.17 (dd, J = 16.6, 4.1, 1H), 2.96 (dd, J = 16.5, 3.4, 

1H), 2.41 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 144.7, 142.8, 140.4, 138.5, 132.2, 129.9, 

129.8, 129.8, 128.0, 127.5, 126.7, 117.4, 116.6, 113.9, 57.0, 51.1, 31.8, 21.5; HRMS Calculated 

for C22H22ClN2O2S [M+H]
+
 413.1091, found 413.1076; HPLC: Chirapak AD-H column, 254 nm, 

30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.4 min (major) and 23.1 

min. 

N-((2S,3S)-2-(4-Bromophenyl)-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfona

mide (4g): 99% yield, 96% ee, white solid, mp 264-266 
o
C, []

20
D = +33.6 (c 0.80, CH2Cl2), Rf = 

0.20 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.33 

(d, J = 8.3, 2H), 7.27 (d, J = 7.2, 2H), 7.07 (dd, J = 13.3, 8.2, 5H), 6.98 (d, 

J = 7.6, 1H), 6.76 (t, J = 7.0, 1H), 6.61 (d, J = 7.9, 1H), 4.85 (d, J = 8.9, 

1H), 4.45 (s, 1H), 3.89 (s, 1H), 3.80 (dd, J = 8.5, 3.3, 1H), 3.15 (dd, J = 

16.6, 4.0, 1H), 2.95 (dd, J = 16.6, 3.5, 1H), 2.43 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ = 

144.7, 142.8, 140.8, 138.5, 130.9, 130.3, 129.8, 129.8, 127.5, 126.7, 120.8, 117.4, 116.6, 113.9, 
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57.0, 51.1, 31.7, 21.5. HRMS Calculated for C22H22BrN2O2S [M+H]
+
 457.0585, found 457.0579; 

HPLC: Chirapak AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, 

retention time 13.1 min (major) and 24.8 min. 

N-((2S,3S)-2-(4-Fluorophenyl)-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfona

mide (4h): 93% yield, 98% ee, white solid, mp 249-251 
o
C, []

20
D = +45.0 (c 0.88, CH2Cl2), Rf = 

0.40 (petroleum ether/EtOAc 7:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.35 (d, 

J = 8.2, 2H), 7.15 (dd, J = 8.5, 5.4, 2H), 7.05 (t, J = 8.5, 3H), 6.94 (d, J = 

7.5, 1H), 6.83 (t, J = 8.6, 2H), 6.73 (t, J = 7.4, 1H), 6.59 (d, J = 8.0, 1H), 

4.84 (d, J = 8.9, 1H), 4.47 (s, 1H), 3.92 (s, 1H), 3.80 (dd, J = 8.3, 3.2, 1H), 

3.11 (dd, J = 16.5, 4.0, 1H), 2.88 (dd, J = 16.5, 3.7, 1H), 2.38 (s, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ = 162.5 (d, 
1
JFC = 246.4 Hz), 143.3, 142.9, 137.5, 135.3 (d, 

4
JFC = 3.1 Hz), 130.5, 129.4, 128.3 

(d, 
3
JFC = 8.1 Hz), 127.5, 126.6, 119.1, 117.8, 115.3 (d, 

2
JFC = 21.4 Hz), 114.7, 57.6, 51.7, 34.5, 

21.4; 
19

F NMR (376 MHz, CDCl3) δ = -114.3. HRMS Calculated for C22H22FN2O2S [M+H]
+
 

397.1386, found 397.1368; HPLC: Chirapak AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 

70/30, flow = 0.7 mL/min, retention time 12.2 min (major) and 20.8 min. 

4-Methyl-N-((2S,3S)-2-(4-(Trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinolin-3-yl)ben

zenesulfonamide (4i): 99% yield, 98% ee, white solid, 214-216 
o
C, []

20
D = +65.9 (c 0.94, 

CH2Cl2), Rf = 0.20 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, 

CDCl3) δ = 7.42 (d, J = 8.2, 2H), 7.36-7.29 (m, 4H), 7.07 (t, J = 7.6, 1H), 

7.00 (dd, J = 13.4, 7.8, 3H), 6.77 (t, J = 7.4, 1H), 6.63 (d, J = 8.0, 1H), 

4.88 (d, J = 8.8, 1H), 4.55 (s, 1H), 3.96 (s, 1H), 3.85 (d, J = 3.2, 1H), 

3.16 (dd, J = 16.6, 4.0, 1H), 2.96 (dd, J = 16.6, 3.5, 1H), 2.34 (s, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ = 143.6, 143.1, 143.0, 137.2, 130.6, 130.2, 129.9, 129.3, 127.6, 127.1, 126.6, 125.3, 125.3, 125.3, 

125.2, 122.6, 119.5, 117.8, 114.9, 58.0, 51.5, 34.6, 21.3; 
19

F NMR (376 MHz, CDCl3) δ = -62.4. 

HRMS Calculated for C23H22F3N2O2S [M+H]
+
 447.1354, found 447.1344; HPLC: Chirapak 

AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 

9.1 min (major) and 17.1 min. 

4-Methyl-N-((2S,3S)-2-(Naphthalen-2-yl)-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfon

amide (4j): 91% yield, 83% ee, white solid, mp 225-227 
o
C, []

20
D = +27.2 (c 0.98, CH2Cl2), Rf = 

0.20 (petroleum ether/EtOAc 10:1). 
1
H NMR (400 MHz, CDCl3) δ = 

7.79-7.73 (m, 1H), 7.73-7.67 (m, 1H), 7.62 (s, 1H), 7.55 (d, J = 8.5, 1H), 

7.52-7.46 (m, 2H), 7.15 (dd, J = 8.5, 1.6, 1H), 7.07 (dd, J = 12.8, 8.1, 3H), 

7.01 (d, J = 7.5, 1H), 6.76 (td, J = 7.5, 0.8, 1H), 6.65 (d, J = 7.9, 1H), 

6.50 (d, J = 8.1, 2H), 5.00 (d, J = 8.4, 1H), 4.58 (d, J = 1.2, 1H), 4.03 (s, 1H), 3.91-3.83 (m, 1H), 

3.21 (dd, J = 16.5, 4.0, 1H), 3.06 (dd, J = 16.5, 3.2, 1H), 2.06 (s, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ = 143.4, 142.3, 136.9, 136.8, 133.2, 133.1, 130.6, 128.8, 128.3, 128.0, 127.5, 127.4, 126.3, 126.3, 

126.1, 125.0, 124.5, 119.2, 118.3, 114.9, 58.1, 51.7, 35.2, 21.3; HRMS Calculated for 

C26H25N2O2S [M+H]
+
 429.1637, found 429.1625; HPLC: Chirapak AD-H column, 254 nm, 30 

o
C, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 17.5 min (major) and 22.8 min. 

N-((2S,3S)-6-Fluoro-2-phenyl-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfona

mide (4k): 94% yield, 73% ee, white solid, mp 204-206 
o
C, []

20
D = +66.7 (c 0.92, CH2Cl2), Rf = 

0.25 (CH2Cl2/petroleum ethe 3:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.33 (d, J = 8.2, 2H), 7.22 (dd, 

J = 7.4, 2.6, 5H), 7.03 (d, J = 8.1, 2H), 6.78 (td, J = 8.5, 2.8, 1H), 6.67 (d, J = 9.0, 1H), 6.55 (dd, J 
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= 8.7, 4.7, 1H), 4.88 (d, J = 8.4, 1H), 4.45 (s, 1H), 3.88 (s, 1H), 3.82 (dd, J = 7.3, 3.6, 1H), 3.10 

(dd, J = 16.8, 4.0, 1H), 2.92 (dd, J = 16.7, 3.2, 1H), 2.36 (s, 3H); 
13

C NMR 

(100 MHz, DMSO-d6) δ = 154.7 (d, 
1
JFC = 231.3 Hz), 142.7, 141.5 (d, 

4
JFC 

= 1.3 Hz), 138.6, 129.9, 128.2, 128.2, 127.4, 126.7, 118.9 (d, 
3
JFC = 7.2 Hz), 

115.7 (d, 
2
JFC = 21.9 Hz), 114.6 (d, 

3
JFC = 7.5 Hz), 114.1 (d, 

2
JFC = 22.1 

Hz), 57.7, 51.0, 31.5, 21.4;
 19

F NMR (376 MHz, DMSO-d6) δ = -129.3. HRMS Calculated for 

C22H22FN2O2S [M+H]
+
 397.1386, found 397.1373; HPLC: Chirapak AD-H column, 254 nm, 30 

o
C, n-hexane/i-propanol = 40/60, flow = 0.2 mL/min, retention time 31.9 min (major) and 33.4 

min. 

4-Methyl-N-((2S,3S)-2-(Pyridin-3-yl)-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfonami

de (4l): 70% yield, 97% ee, colorless oil, []
20

D = +65.0 (c 0.50, CH2Cl2), Rf = 0.40 (pure EtOAc).
 

1
H NMR (400 MHz, CDCl3) δ = 8.53-8.38 (m, 2H), 7.60 (d, J = 7.9, 1H), 

7.44 (d, J = 8.2, 2H), 7.17-7.02 (m, 4H), 6.93 (d, J = 7.4, 1H), 6.74 (t, J = 7.3, 

1H), 6.61 (d, J = 8.0, 1H), 5.14 (d, J = 7.7, 1H), 4.54 (s, 1H), 4.01 (s, 1H), 

3.92-3.83 (m, 1H), 3.09 (dd, J = 16.5, 4.0, 1H), 2.85-2.74 (m, 1H), 2.38 (s, 

3H); 13
C NMR (100 MHz, CDCl3) δ = 149.1, 148.6, 143.1, 143.0, 137.6, 135.3, 134.7, 130.5, 

129.6, 127.7, 126.6, 123.3, 119.2, 117.4, 114.7, 56.6, 51.2, 33.9, 21.5; HRMS Calculated for 

C21H22N3O2S [M+H]
+
 380.1433, found 380.1420; HPLC: Chirapak AD-H column, 254 nm, 30 

o
C, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 18.9 min and 65.3 min (major). 

N-(cis-2-Butyl-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfonamide (4ma)
3
: 

13% yield, 60% ee, white solid, mp 164-166 
o
C, []

20
D = +13.0 (c 0.20, CH2Cl2), [lit.

3
: []

20
D = 

-46.5 (c 0.20, CH2Cl2) for >99% ee (2S,3S)], Rf = 0.55 (petroleum 

ether/EtOAc 5:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.72 (d, J = 8.2, 2H), 

7.27 (d, J = 8.1, 2H), 6.98 (t, J = 7.5, 1H), 6.77 (d, J = 7.4, 1H), 6.63 (t, J = 

7.2, 1H), 6.48 (d, J = 7.9, 1H), 4.87 (d, J = 9.2, 1H), 3.80-3.69 (m, 1H), 3.61 (s, 1H), 3.18 (t, J = 

6.6, 1H), 2.87 (dd, J = 16.6, 3.9, 1H), 2.57 (dd, J = 16.6, 2.1, 1H), 2.42 (s, 3H), 1.46-1.25 (m, 2H), 

1.24-1.06 (m, 4H), 0.84 (t, J = 6.9, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 143.5, 143.2, 138.8, 

130.5, 129.6, 127.3, 127.0, 118.5, 117.8, 114.2, 54.8, 48.4, 34.3, 31.7, 27.7, 22.6, 21.5, 13.9. 

HPLC: Chirapak AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 80/20, flow = 0.9 mL/min, 

retention time 11.6 min and 13.2 min (major). 

N-(trans-2-Butyl-1,2,3,4-tetrahydroquinolin-3-yl)-4-methylbenzenesulfonamide (4mb)
3
: 

76% yield, 13% ee, colorless oil, []
20

D = -8.0 (c 0.66, CH2Cl2), Rf = 0.50 (petroleum ether/EtOAc 

5:1). 
1
H NMR (400 MHz, CDCl3) δ = 7.72 (d, J = 8.2, 2H), 7.28 (d, J = 8.1, 

2H), 6.98 (t, J = 7.5, 1H), 6.78 (d, J = 7.4, 1H), 6.61 (t, J = 7.3, 1H), 6.47 (d, 

J = 8.0, 1H), 4.91 (d, J = 9.3, 1H), 3.98 (s, 1H), 3.62 (td, J = 7.9, 3.7, 1H), 

3.06-2.94 (m, 1H), 2.82 (dd, J = 16.7, 4.5, 1H), 2.52-2.38 (m, 4H), 1.35-1.17 (m, 6H), 0.84 (t, J = 

6.9, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 143.3, 142.0, 138.6, 130.3, 129.7, 127.5, 126.9, 117.7, 

116.5, 114.3, 55.0, 49.0, 33.8, 29.7, 27.7, 22.4, 21.5, 13.9. HPLC: Chirapak AD-H column, 254 

nm, 30 
o
C, n-hexane/i-propanol = 75/25, flow = 0.8 mL/min, retention time 10.6 min (major) and 

12.4 min.

                                                             
3 Cai, X.-F.; Guo, R.-N.; Chen, M.-W.; Shi, L.; Zhou, Y.-G. Chem. Eur. J. 2014, DOI: 10.1002/chem.201402592. 
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7. Removal of Ts Group 

 

Naphthalene (256 mg, 2.0 mmol) was added to a vigorously stirred suspension of sodium (46 

mg, 2.0 mmol; washed free of oil in hexanes) in tetrahydrofuran (4 mL) under nitrogen at 25 °C. 

The resulting green suspension was stirred for 1 h at 25 °C, then was transferred to a solution of 

4-methyl-N-((2S,3S)-2-phenyl-1,2,3,4-tetrahydroquinolin-3-yl)benzenesulfonamide 4a (38 mg, 0.1 

mmol) in THF (4 mL) cooled at -78 °C; portion-wise addition of this suspension to the reaction 

solution was ceased upon formation of a persistent, dark-green reaction solution. The dark-green 

solution was stirred at -78 °C for 1 h. Water (1 mL) was added to the solution at -78 °C. The 

resulting suspension was stirred at -78 °C for 2 min, then warm to ambient temperature. The 

organic layer was separated, and the aqueous later was extracted with CH2Cl2. The combined 

organic layers were dried (Na2SO4). After filtration, the solvent was removed under reduced 

pressure, the residue was purified by flash chromatography on silica gel to yield the product. 

(2S,3S)-2-Phenyl-1,2,3,4-tetrahydroquinolin-3-amine (5): 98% yield, >99% ee, white solid, 

mp 98-100 
o
C, []

20
D = +56.4 (c 0.44, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ = 7.44-7.27 (m, 

5H), 7.09-6.98 (m, 2H), 6.73-6.65 (m, 1H), 6.62-6.54 (m, 1H), 4.55 (s, 1H), 

3.99 (s, 1H), 3.36-3.18 (m, 2H), 2.74 (d, J = 15.8, 1H), 1.26 (s, 2H); 13
C NMR 

(100 MHz, CDCl3) δ = 144.0, 141.7, 130.6, 128.8, 127.9, 127.3, 127.1, 118.6, 

118.1, 114.2, 60.2, 49.5, 35.7; HRMS Calculated for C15H17N2 [M+H]
+
 

225.1392, found 225.1380; HPLC (corresponding N-4-toluenesulfonyl derivative): Chirapak 

AD-H column, 254 nm, 30 
o
C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 

14.7 min (single).
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8. Isotopic Labeling Experiment 

 

A mixture of 1a (47 mg, 0.125 mmol), Hantzsch ester 2a (76 mg, 0.30 mmol, 2.4 equiv), and 

chiral phosphoric acid (S)-3a (3.2 mg, 0.00625 mmol, 5 mol%) in CH2Cl2/CD3OD (3:1, 3 mL) 

was stirred at 30 
o
C under nitrogen for 24 h. The solvent was removed under reduced pressure. 

The residue was purified by flash chromatography on silica gel to give product 4a. 
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9. Copy of NMR and HPLC for Racemic and Chiral Compounds 
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