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1.General Information 

 

Unless otherwise noted, all the reactions dealing with air- or moisture-sensitive 

compounds were carried out in a dry reaction vessel under nitrogen atmosphere or in 

an argon-filled glove box. Purification of products was carried out by flash 

chromatography using silica gel (200-300 mesh). 1H, 13C, and 19F NMR spectra were 

recorded on a Bruker Avance 400 MHz with tetramethylsilane as the internal standard. 

Chemical shifts are reported parts per million (ppm) referenced to CDCl3 (δ 7.260 ppm) 

for 1H NMR; CDCl3 (δ 77.16 ppm) for 13C NMR or C6D6 (δ 7.16 ppm) for 1H NMR; 

CDCl3 (δ 128.06 ppm) for 13C NMR. Coupling constants (J) were expressed in Hz. The 

following abbreviations are used to describe peak patterns where appropriate: s (singlet), 

d (doublet), dd (doublet of doublets), dt (doublet of triplets), m (multiplet), q (quartet), 

t (triplet) and td (triplet of doublets). Enantiomeric excess values were determined by 

high-performance liquid chromatography (HPLC) analysis using a chiral phase on 

Shimadzu LC-40A or Agilent Technologies 1260 Infinity II instrument in comparison 

with the authentic racemates. Optical rotations were measured using a 1 mL cell with a 

1 dm path length on a Rudolph Autopol I polarimeter at 589 nm. The HR-ESI-MS 

spectra were measured using SCIEX X500R mass spectrometer (AB SCIEX, 

Framingham, MA, USA) or Waters Xevo G2-XS QTof. X-ray diffraction was measured 

on a Bruker APEX-II CCD diffractometer with Cu–Kα radiation. Hex refers to hexane, 

PE refers to petroleum ether, EA refers to ethyl acetate.  
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2. General Procedures for the Synthesis of Substrates 

Procedure A  

 

Step 1: NEt3 (30.0 mmol, 1.3 equiv.) was added to a stirred solution of S1 (50 mmol, 

1.0 equiv.), EDCI (60 mmol, 1.2 equiv.), DMAP (5.0 mmol, 0.1 equiv.) and 

MeNH(OMe)HCl (55 mmol, 1.1 equiv.) in DCM (100 mL) under N2 atmosphere at 

0 ℃ , then the reaction was stirred overnight. Subsequently, the reaction was quenched 

by saturated NH4Cl solution (50 mL). The aqueous layer was extracted with EA (3 x 20 

mL). The combined organic layers were washed with brine (20 mL), dried over 

anhydrous MgSO4, filtered and concentrated by rotary evaporation, which afforded the 

crude amide S2 without further purification.  

 

Step 2: Under N2 atmosphere, to a stirred solution of S2 (30 mmol, 1.0 equiv.) in 

THF (60 mL) was drop-wisely added R1MgBr (36 mmol, 1.2 equiv.) at 0 ℃. Then the 

reaction mixture was stirred at RT for 24 h. The reaction was quenched by saturated 

NH4Cl solution (40 mL). The aqueous layer was extracted with EA (3 x 30 mL). The 

combined organic layers were washed with brine (2 x 50 mL). The combined organic 

layers were dried over Na2SO4, filtered, and concentrated in vacuo. The residue was 

purified by silica-gel column chromatography using PE/EA=5/1 as eluent to give the 

corresponding product Q3. 

Following a known literature method,[2] under N2 atmosphere, to a stirred solution of 

S3 (4 mmol, 1.0 equiv.) in THF (8 mL) was drop-wisely added R2MgBr (4.8mmol, 1.2 

equiv.) at 0 ℃. Then the reaction mixture was stirred at RT for 12 h. The reaction was 

quenched by saturated NH4Cl solution (8 mL). The aqueous layer was extracted with 

EA (3 x 20 mL), and the combined organic layers were washed with brine (2 x 20 mL). 
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The combined organic layers were dried over Na2SO4, filtered, and concentrated in 

vacuo. The residue was purified by silica-gel column chromatography using 

PE/EA=10/1 as eluent to give the corresponding product Q4. 

Procedure B

 

Step 1: According to the reported literature[1]: To a two-necked round bottom flask was 

added quinaldine Q1 (1.0 equiv.), SeO2 (1.5 equiv.) and 1,4-dioxane. The reaction 

mixture was allowed to stir at 80 ℃ for 6 h. Then, the resulting mixture was quenched 

with saturated aqueous NaCl (20 mL). The mixture was extracted with EA (30 mL × 4) 

and the combined organic layers were dried over Na2SO4, filtered, and concentrated to 

afford the crude product Q2. 

In an oven dried round-bottom flask, Q2 (1.0 equiv.) was dissolved in anhydrous 

THF (30 mL), and then the Grignard reagent in THF (1.2 equiv.) was added at 0 ℃ 

under nitrogen atmosphere. The reaction mixture was warmed to room temperature and 

the progress of the reaction was monitored by TLC. After the reaction was completed, 

the reaction mixture was quenched with saturated aqueous NH4Cl (30 mL) and 

extracted with EA (20 ml × 3). The combined organic layers were combined and dried 

over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by silica-

gel column chromatography using PE/EA=10/1 as eluent to give the corresponding 

product Q3.  

 

Step 2: To a stirring solution of Q3 (1.0 equiv.) in DCM (30 mL) was added Dess-

Martin periodinane (DMP, 1.2 equiv.). The reaction mixture was allowed to proceed at 

room temperature and the progress of the reaction was monitored by TLC. After the 

reaction was completed, the reaction mixture was quenched with sat. NaHCO3 aq. (30 

mL) and extracted with DCM (20 mL×3). The combined organic layers were dried over 
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Na2SO4, filtered, and concentrated in vacuo. The residue was purified by silica-gel 

column chromatography using PE/EA=20/1 as eluent to give the corresponding product 

Q4.  

Following a known literature method,[2] under N2 atmosphere, to a stirred solution of 

Q4 (4 mmol, 1.0 equiv.) in THF (8 mL) was dropwisely added R2MgBr (4.8 mmol, 1.2 

equiv.) at 0 ℃. Then the reaction mixture was stirred at RT for 12 h. After the reaction 

was completed, the reaction mixture was quenched with saturated aqueous NH4Cl (20 

mL) and extracted with EA (20 ml × 3). The combined organic layers were combined 

and dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified 

by silica-gel column chromatography using PE/EA=10/1 as eluent to give the 

corresponding product Q5. 

Compounds 1a,1b,1c,1d,1e,1g,1j have already been reported.[2] 

 

1-phenyl-1-(quinolin-2-yl)ethan-1-ol (1a)[2]  

Following Procedure A, 20 mmol scale, white solid, 4.634 g, 93% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.03 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.8 

Hz, 1H), 7.71 – 7.64 (m, 2H), 7.46 – 7.44 (m, 3H), 7.25 – 7.20 (m, 3H), 7.16 – 7.13 (m, 

1H), 6.63 (s, 1H), 1.93 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.3, 

146.5, 145.5, 137.3, 130.0, 128.9, 128.3, 127.5, 127.2, 127.2, 126.7, 126.3, 118.5, 75.1, 

28.6. HRMS (ESI): calculated for C17H16NO [M+H]+ 250.1226, found 250.1234. 

  

1-(quinolin-2-yl)-1-(p-tolyl)ethan-1-ol (1b) 
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Following Procedure A, 4 mmol scale, white solid, 915.7 mg, 87% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.12 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 8.4 

Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.77 – 7.72 (m, 1H), 7.57 – 7.53 (m, 1H), 7.43 – 7.41 

(m, 2H), 7.30 (d, J = 8.8 Hz, 1H), 7.13 (d, J = 8.0 Hz, 2H), 6.70 (s, 1H), 2.31 (s, 3H), 

2.00 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.5, 145.5, 143.6, 137.3, 

136.8, 129.9, 129.0, 128.9, 127.5, 127.1, 126.6, 126.2, 118.5, 74.9, 28.7, 21.0. HRMS 

(ESI): calculated for C18H18NO [M+H]+ 264.1383, found 264.1387. 

 

1-(1,2-dihydroquinolin-2-yl)-1-(o-tolyl)ethan-1-ol (1c) 

Following Procedure A, 2 mmol scale, colorless liquid, 387.1 mg, 73% yield ( for the 

last step); 1H NMR (400 MHz, Chloroform-d) δ 8.23 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 

8.4 Hz, 1H), 7.84 – 7.76 (m, 3H), 7.57 (t, J = 7.6 Hz, 1H), 7.34 (dt, J = 25.9, 7.6 Hz, 

2H), 7.15 (d, J = 7.6 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 6.52 (s, 1H), 2.06 (s, 3H), 2.04 

(s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 165.4, 145.7, 142.3, 138.6, 137.5, 

132.6, 130.1, 128.9, 128.2, 127.8, 127.2, 126.7, 125.7, 118.5, 76.5, 31.7, 21.3. HRMS 

(ESI): calculated for C18H18NO [M+H]+ 264.1383, found 264.1391. 

 

1-(4-methoxyphenyl)-1-(quinolin-2-yl)ethan-1-ol (1d) 

Following Procedure A, 2 mmol scale, white solid, 468.9 mg, 84% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.13 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 8.8 

Hz, 1H), 7.80 – 7.72 (m, 2H), 7.54 (t, J = 6.8 Hz, 1H), 7.45 (d, J = 8.8 Hz, 2H), 7.28 

(d, J = 8.4 Hz, 1H), 6.86 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 4.0 Hz, 1H), 3.78 (s, 3H), 2.00 
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(s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.6, 158.7, 145.5, 138.7, 137.3, 

130.0, 128.8, 127.6, 127.5, 127.1, 126.6, 118.5, 116.1, 114.7, 113.6, 74.8, 55.3, 28.8. 

HRMS (ESI): calculated for C18H18NO2 [M+H]+ 280.1332, found 280.1333. 

 

1-(3-methoxyphenyl)-1-(quinolin-2-yl)ethan-1-ol (1e) 

Following Procedure A, 4 mmol scale, white solid, 926.7 mg, 90% yield ( for the last 

step); 1H NMR (400 MHz, ) δ 8.00 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.8 Hz, 1H), 7.67 

– 7.60 (m, 2H), 7.42 (t, J = 7.6 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.13 (t, J = 8.8 Hz, 

1H), 7.03 – 7.01 (m, 2H), 6.68 (d, J = 8.0 Hz, 1H), 6.61 (s, 1H), 3.65 (s, 3H), 1.90 (s, 

3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.2, 159.7, 148.3, 145.6, 137.4, 

130.0, 129.3, 128.9, 127.5, 127.2, 126.7, 118.8, 118.5, 112.5, 112.5, 75.1, 55.3, 28.8. 

HRMS (ESI): calculated for C18H18NO2 [M+H]+ 280.1332, found 280.1341. 

  

1-(4-fluorophenyl)-1-(quinolin-2-yl)ethan-1-ol (1f) 

Following Procedure A, 4 mmol scale, white solid, 918.9 mg, 86% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.11 (dd, J = 15.6, 8,4 Hz, 2H), 8.02 (d, J 

= 8.4 Hz, 1H), 7.77 – 7.73 (m, 1H), 7.53 – 7.49 (m, 3H), 7.27 (d, J = 8.4 Hz, 1H), 7.02 

– 6.98 (m, 2H), 6.74 (s, 1H), 2.01 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 

164.1, 162.0 (d, J = 245.8 Hz), 145.5, 142.4 (d, J = 3.2 Hz), 137.5, 130.1, 128.8, 128.1 

(d, J = 8.2 Hz), 127.5, 127.2, 126.8, 118.3, 115.1 (d, J = 21.3 Hz), 74.7, 28.8. 19F {1H} 

NMR (376 MHz, Chloroform-d) δ -115.80. HRMS (ESI): calculated for C17H15FNO 

[M+H]+ 268.1132, found 268.1141. 
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1-(4-chlorophenyl)-1-(quinolin-2-yl)ethan-1-ol (1g) 

Following Procedure A, 4 mmol scale, white solid, 1.030 g, 91% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.14 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 8.8 

Hz, 1H), 7.69 (dd, J = 14.0, 7.2 Hz, 2H), 7.55 (d, J = 8.8 Hz, 2H), 7.49 – 7.46 (m, 1H), 

7.30 (dd, J = 8.8, 4.6 Hz, 3H), 6.86 (s, 1H), 2.06 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 163.9, 145.7, 145.5, 137.7, 133.1, 130.2, 128.9, 128.5, 128.0, 127.7, 

127.2, 126.9, 118.4, 75.1, 28.9. HRMS (ESI): calculated for C17H15ClNO [M+H]+ 

284.0837, found 284.0843. 

 

  

1-(3-chlorophenyl)-1-(quinolin-2-yl)ethan-1-ol (1h) 

Following Procedure A, 4 mmol scale, white solid, 803.9 mg, 71% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.12 (dd, J = 8.4, 4.4 Hz, 2H), 7.83 (d, J = 

8.0 Hz, 1H), 7.78 (t, J = 6.8 Hz, 1H), 7.63 – 7.55 (m, 2H), 7.45 (d, J = 7.6 Hz, 1H), 7.33 

(d, J = 8.4 Hz, 1H), 7.31 – 7.21 (m, 2H), 6.73 (s, 1H), 1.99 (s, 3H). 13C {1H} NMR (101 

MHz, Chloroform-d) δ 163.5, 148.7, 145.5, 137.6, 134.3, 130.1, 129.6, 128.8, 127.5, 

127.4, 127.2, 126.8, 126.7, 124.5, 118.2, 74.8, 28.6. HRMS (ESI): calculated for 

C17H15ClNO [M+H]+ 284.0837, found 284.0843. 
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1-([1,1'-biphenyl]-4-yl)-1-(quinolin-2-yl)ethan-1-ol (1i) 

Following Procedure A, 2 mmol scale, white solid, 513.7 mg, 79% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.17 (d, J = 8.8 Hz, 1H), 8.11 (d, J = 8.8 

Hz, 1H), 7.82 – 7.75 (m, 2H), 7.67 – 7.55 (m, 7H), 7.46 – 7.33 (m, 4H), 6.80 (s, 1H), 

2.09 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.3, 145.6, 140.8, 140.1, 

137.5, 130.0, 128.9, 128.8, 127.5, 127.3, 127.2, 127.1, 127.1, 126.8, 126.7, 118.5, 75.0, 

28.7. HRMS (ESI): calculated for C23H20NO [M+H]+ 326.1539, found 326.1545. 

 

1-(benzo[d][1,3]dioxol-5-yl)-1-(quinolin-2-yl)ethan-1-ol (1j) 

Following Procedure A, 4 mmol scale, white solid, 973.1 mg, 83% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.10 (dd, J = 13.6, 8.4 Hz, 2H), 7.81 – 7.72 

(m, 2H), 7.55 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 

6.98 (s, 1H), 6.77 – 6.69 (m, 2H), 5.90 (d, J = 7.2 Hz, 2H), 1.97 (s, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 164.3, 147.7, 146.7, 145.5, 140.7, 137.4, 130.0, 128.8, 

127.5, 127.1, 126.7, 119.5, 118.4, 107.8, 107.4, 101.0, 74.9, 28.8. HRMS (ESI): 

calculated for C18H16NO3 [M+H]+ 294.1125, found 294.1126. 

 

1-(7-methylquinolin-2-yl)-1-phenylethan-1-ol (1k) 
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Following Procedure B, 2 mmol scale, white solid, 433.6 mg, 82% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.02 (d, J = 8.8 Hz, 1H), 7.91 (s, 1H), 7.68 

(d, J = 8.4 Hz, 1H), 7.54 (d, J = 7.2 Hz, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 7.6 

Hz, 2H), 7.26 – 7.18 (m, 2H), 6.76 (s, 1H), 2.59 (s, 3H), 2.01 (s, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 164.2, 146.6, 145.74, 140.4, 137.0, 128.8, 128.3, 127.9, 

127.1, 127.1, 126.3, 125.2, 117.6, 75.0, 28.6, 21.9. HRMS (ESI): calculated for 

C18H18NO [M+H]+ 264.1383, found 264.1389. 

 

1-(8-methylquinolin-2-yl)-1-phenylethan-1-ol (1l) 

Following Procedure B, 2 mmol scale, colorless liquid, 463.1 mg, 88% yield ( for the 

last step); 1H NMR (400 MHz, Chloroform-d) δ 8.04 (d, J = 10.0 Hz, 1H), 7.63 – 7.54 

(m, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.42 (t, J = 6.8 Hz, 1H), 7.32 – 7.27 (m, 3H), 7.22 – 

7.20 (m, 1H), 6.91 (s, 1H), 2.86 (s, 3H), 2.01 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 163.1, 146.6, 144.3, 137.7, 136.6, 130.3, 128.3, 127.2, 127.1, 126.4, 

126.3, 125.5, 118.2, 75.1, 28.7, 17.9. HRMS (ESI): calculated for C18H18NO [M+H]+ 

264.1383, found 264.1390. 

 

1-(6-methoxyquinolin-2-yl)-1-phenylethan-1-ol (1m) 

Following Procedure B, 2 mmol scale, white solid, 489.0 mg, 88% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.01 (dd, J = 18.4, 8.8 Hz, 2H), 7.57 (d, J 

= 7.2 Hz, 2H), 7.42 (dd, J = 9.2, 2.8 Hz, 1H), 7.35 (t, J = 7.6 Hz, 2H), 7.28 (t, J = 9.2 

Hz, 2H), 7.08 (d, J = 2.8 Hz, 1H), 6.67 (s, 1H), 3.94 (s, 3H), 2.04 (s, 3H). 13C {1H} 
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NMR (101 MHz, Chloroform-d) δ 161.9, 157.9, 146.8, 141.5, 136.1, 130.2, 128.3, 

128.1, 127.1, 126.3, 122.4, 118.7, 105.2, 74.9, 55.6, 28.8. HRMS (ESI): calculated for 

C18H18NO2 [M+H]+ 280.1332, found 280.1337. 

  

1-(6-fluoroquinolin-2-yl)-1-phenylethan-1-ol (1n) 

Following Procedure B, 4 mmol scale, white solid, 790.6 mg, 74% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.11 (dd, J =9.2, 5.2 Hz, 1H), 8.02 (d, J = 

8.8 Hz, 1H), 7.58 – 7.48 (m, 3H), 7.41 (dd, J = 8.4, 2.8 Hz, 1H), 7.37 – 7.30 (m, 3H), 

7.26 (d, J = 7.3 Hz, 1H), 6.54 (s, 1H), 2.02 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 163.8 (d, J = 2.8 Hz), 160.5 (d, J = 248.2 Hz), 146.3, 142.6, 136.7 (d, 

J = 5.2 Hz), 131.3 (d, J = 9.1 Hz), 128.4, 127.7 (d, J = 10.1 Hz), 127.3, 126.2, 120.0 (d, 

J = 25.7 Hz), 119.4, 110.7 (d, J = 21.7 Hz), 75.1, 28.7. 19F {1H} NMR (376 MHz, 

Chloroform-d) δ -113.18. HRMS (ESI): calculated for C17H15FNO [M+H]+ 268.1132, 

found 268.1131. HRMS (ESI): calculated for C17H14FNO [M+H]+ 268.1132, found 

268.1138. 

 

 

1-(8-fluoroquinolin-2-yl)-1-phenylethan-1-ol (1o) 

Following Procedure B, 4 mmol scale, white solid, 871.9 mg, 77% yield ( for the last 

step), 1H NMR (400 MHz, Chloroform-d) δ 8.11 (dd, J = 8.8, 1.6 Hz, 1H), 7.61 – 7.56 (m, 2H), 

7.52 – 7.43 (m, 3H), 7.42 – 7.34 (m, 3H), 7.28 – 7.25 (m, 1H), 6.60 (s, 1H), 2.06 (s, 3H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 164.8, 158.2 (d, J = 258.6 Hz), 146.17, 137.1 (d, J = 3.1 
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Hz), 128.37, 127.32, 126.5, 126.4, 126.30, 123.0 (d, J = 4.6 Hz), 119.54, 114.35, 114.16, 75.39, 

28.65. 19F {1H} NMR (376 MHz, Chloroform-d) δ -125.3. HRMS (ESI): calculated for 

C17H14FNO [M+H]+ 268.1132, found 268.1141. 

 

1-(7-chloroquinolin-2-yl)-1-phenylethan-1-ol (1p) 

Following Procedure B, 4 mmol scale, white solid, 917.2 mg, 81% yield ( for the last 

step), 1H NMR (400 MHz, Chloroform-d) δ 8.13 (s, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.72 

(d, J = 8.8 Hz, 1H), 7.53 – 7.48 (m, 3H), 7.34 – 7.29 (m, 3H), 7.25 (t, J = 7.2 Hz, 1H), 

6.48 (s, 1H), 2.01 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 165.5, 146.1, 

146.0, 137.1, 135.9, 128.7, 128.4, 127.9, 127.7, 127.3, 126.2, 125.5, 118.8, 75.2, 28.6. 

HRMS (ESI): calculated for C17H15ClNO [M+H]+ 284.0837, found 284.0845. 

 

1-(6-bromoquinolin-2-yl)-1-phenylethan-1-ol (1q) 

Following Procedure B, 4 mmol scale, white solid, 1.138 g, 87% yield (for the last 

step). 1H NMR (400 MHz, Chloroform-d) δ 7.99 – 7.94 (m, 3H), 7.80 (dd, J = 8.8, 2.0 

Hz, 1H), 7.53 – 7.51 (m, 2H), 7.34 – 7.31 (m, 3H), 7.26 – 7.23 (m, 1H), 6.47 (s, 1H), 

2.01 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.9, 146.1, 144.2, 136.3, 

133.4, 130.6, 129.5, 128.4, 128.2, 127.4, 126.2, 120.5, 119.5, 75.2, 28.6. HRMS (ESI): 

calculated for C17H15BrNO [M+H]+ 328.0332, found 328.0338. 
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1-(7-bromoquinolin-2-yl)-1-phenylethan-1-ol (1r) 

Following Procedure B, 4 mmol scale, white solid, 1.033 g, 79% yield (for the last 

step). 1H NMR (400 MHz, Chloroform-d) δ 8.00 – 7.94 (m, 3H), 7.80 (dd, J = 8.8, 2.4 

Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.38 – 7.30 (m, 3H), 7.25 (d, J = 7.6 Hz, 1H), 6.49 

(s, 1H), 2.00 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 164.9, 146.1, 144.2, 

136.3, 133.4, 130.6, 129.5, 128.4, 128.2, 127.4, 126.2, 120.5, 119.5, 75.2, 28.6. HRMS 

(ESI): calculated for C17H15BrNO [M+H]+ 328.0332, found 328.0331. 

 

1-phenyl-1-(quinolin-2-yl)propan-1-ol (1s) 

Following Procedure A, 4 mmol scale, white solid, 936.7 mg, 89% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.00 (dd, J = 17.2, 8.4 Hz, 2H), 7.69 (d, J 

= 8.4 Hz, 1H), 7.64 (t, J = 8.4 Hz, 1H), 7.51 (d, J = 7.2 Hz, 2H), 7.44 (t, J = 7.6 Hz, 

1H), 7.28 – 7.21 (m, 3H), 7.13 (q, J = 6.8 Hz, 1H), 6.61 (s, 1H), 2.41 – 2.26 (m, 2H), 

0.80 (t, J = 7.2 Hz, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 163.1, 146.0, 

145.5, 137.3, 129.9, 128.8, 128.3, 127.5 127.1, 127.0, 126.6, 126.4, 118.5, 77.5, 33.0, 

8.0. HRMS (ESI): calculated for C18H18NO [M+H]+ 264.1383, found 264.1387. 

   

1-phenyl-1-(quinolin-2-yl)pentan-1-ol (1t) 
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Following Procedure A, 4 mmol scale, white solid, 978.3 mg, 84% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.12 (dd, J = 27.6, 8.4 Hz, 2H), 7.80 – 7.72 

(m, 2H), 7.66 (d, J = 7.6 Hz, 2H), 7.56 – 7.52 (m, 1H), 7.43 – 7.34 (m, 3H), 7.25 (t, J 

= 7.2 Hz, 1H), 6.78 (s, 1H), 2.53 – 2.46 (m, 1H), 2.42 – 2.34 (m, 1H), 1.65 – 1.54 (m, 

1H), 1.45 – 1.33(m, 2H), 1.18 – 1.07 (m, 1H), 0.91 (t, J = 7.2 Hz, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 163.3, 146.2, 145.5, 137.3, 129.9, 128.8, 128.3, 127.5, 

127.1, 127.0, 126.6, 126.3, 118.5, 76.9, 40.2, 25.8, 23.1, 14.1. HRMS (ESI): calculated 

for C20H22NO [M+H]+ 292.1696, found 292.1702. 

 

2-(quinolin-2-yl)but-3-en-2-ol (1u) 

Following Procedure A, 4 mmol scale, white solid, 485.6 mg, 93% yield ( for the last 

step); 1H NMR (400 MHz, Chloroform-d) δ 8.16 (d, J = 8.8 Hz, 1H), 8.08 (d, J = 8.4 

Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.74 – 7.70 (m, 1H),7.74 – 7.70 (m, 1H), 7.43 (d, J 

= 8.8 Hz, 1H), 6.21 – 6.14 (m, 2H), 5.47 (dd, J = 17.2, 1.2 Hz, 1H), 5.17 (dd, J = 10.8, 

1.2 Hz, 1H), 1.70 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 163.2, 145.8, 

143.6, 137.4, 129.9, 128.8, 127.5, 127.2, 126.6, 117.9, 113.6, 74.1, 27.9. HRMS (ESI): 

calculated for C13H14NO [M+H]+ 200.1070, found 200.1071. 

 

2-(1-methoxy-1-phenylethyl)quinoline (1v) 

To a Schlenk tube containing 1a (498.6 mg, 2 mmol, 1.0 equiv.) in DCM (8 mL) was 

added NaH (96 mg, 4 mmol, 2 equiv.) at 0 °C under nitrogen atmosphere. Then 

iodomethane (135.2 mg, 8 mmol, 4.0 equiv.) was added. The mixture was allowed to 

reflux at 40 °C in an oil bath for 72 h. After the stirring stopped, the reaction mixtures 
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were quenched with H2O and extracted with dichloromethane. The combined organic 

layers were dried over anhydrous Na2SO4, filtered and concentrated in vacuum. The 

crude residue was purified by column chromatography on silica gel (PE/EA = 20/1), 

affording the target compound as a white solid (194.7 mg with 37% yield). 1H NMR 

(400 MHz, Chloroform-d) δ 8.17 (d, J = 8.8 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H), 7.78 (d, 

J = 8.0 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.57 (d, J = 18.0 Hz, 4H), 7.30 (t, J = 7.6 Hz, 

2H), 7.22 (t, J = 7.2 Hz, 1H), 3.31 (s, 3H), 2.14 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 164.3, 147.1, 146.4, 136.2, 129.8, 129.1, 128.1, 127.4, 127.1, 126.8, 

126.4, 126.0, 119.9, 82.9, 51.2, 23.5. HRMS (ESI): calculated for C18H18NO [M+H]+ 

264.1383, found 264.1391. 
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3. Reaction Conditions Optimizationa 

 

 (R,R)-2a/(S,R)-2a 

entry cat. solvent (v/v) yield (%)b ee (%)c 

1 cat.1 DCM NR - 

2 cat.2 DCM  NR - 

3 cat.3 DCM  8/10 4/3 

4 cat.4 DCM  8/8 8/7 

5 cat.5 DCM  37/41 89/87 

6 cat.6 DCM  trace - 

7 cat.5 TFE 36/35 95/90 

8 cat.5 MeOH  30/33 90/92 

9 cat.5 EtOH 34/33 89/88 

10 cat.5 MeOH/H2O = 1/1 38/40 93/94 

11 cat.5 EtOH/H2O = 1/1 42/41 96/95 

12 cat.5 Toluene/H2O = 1/1 40/39 95/97 

13 cat.5 dioxane/H2O = 1/1 39/40 94/90 

14 cat.5 TFE/H2O = 1/1 49/46 98/99 

15 cat.5 toluene/H2O = 1/1 39/36 96/98 

16 cat.5 THF/H2O = 1/1 43/44 98/97 
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aReaction conditions: 1 (0.1 mmol), cat. (1 mol %), HCOOH (10.0 equiv.), 0.2 mL 
organic solvent and indicated amount of water, under an N2 atmosphere at room 
temperature for 24 h; b Isolated yields; c The enantiomeric excess (ee) was determined 
by HPLC; d 5 equivalent of formic acid used; e HCOOH/NEt3 = 5/2 (10.0 equiv.) as the 
hydrogen source.  

 

17 cat.5 DCM/H2O = 1/1 29/38 98/84 

18 cat.5 TFE/H2O = 3/1 48/46 92/96 

18 cat.5 TFE/H2O = 1/3 47/37 98/99 

20d cat.5 TFE/H2O = 1/1 33/32 97/98 

21e cat.1 MeOH 6/10 33/63 

22e cat.2 MeOH  8/10 48/48 

23e cat.3 MeOH  1/5 -/- 
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3.General Procedure for Transfer Hydrogenation 

 

Under nitrogen atmosphere, substrate 1 (0.2 mmol, 1.0 equiv.) and catalyst (1 mol%) 

were added to a 10 mL sealed tube. 2,2,2-Trifluoroethanol (0.2 mL) and deionized water 

(0.2 mL) were sequentially introduced via syringe, followed by the dropwise addition 

of formic acid (2 mmol, 75 µL, 10.0 equiv.). The reaction was stirred at room 

temperature for 24 hours. Upon reaction completion, the mixture was diluted with ethyl 

acetate (10 mL) and water (10 mL), washed with saturated aqueous NaHCO3 solution 

(5 mL). The aqueous layer was extracted with ethyl acetate (2 × 5 mL). The combined 

organic extracts were washed with saturated NaCl solution (10 mL), dried over 

anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude 

mixture was purified by silica-gel column chromatography (PE/EA = 10/1) to give the 

desired compound. 

The racemic substrates of 2a, 2b, 2c, 2d, 2e, 2f, 2g, 2h, 2i, 2j, 2k, 2l, 2m, 2n, 2o, 2s, 

2t, 2v were prepared according to the following procedure: under air atmosphere, 

substrate 1 (0.1 mmol), Pd/C (12.0 mg, 5.0 mol%), and anhydrous MeOH (1.0 mL) 

were added into an oven-dried 4 mL vial. The vial was then transferred to an autoclave 

and purged by three cycles of pressurization/venting with H2 before pressurization with 

20 bar of H2 and stirred at 40 o C for 4 hours. Then the hydrogen was carefully released 

in the fume hood. After filtration through a layer of celite, the residue was purified by 

flash chromatography on silica gel to afford the corresponding product (eluent, Hex/EA 

= 10/1). 

The racemic substrates of 2g, 2h, 2p, 2q, 2r, 2u were prepared according to the 

following procedure: in an argon-filled glove box, the substrate 1 (0.1 mmol, 1.0 equiv.), 

1,1'-binaphthyl-2,2'-diyl hydrogen phosphate (0.01 mmol, 5 mol%), diethyl 1,4-

dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate (HE, 0.5 mmol, 2.5 equiv.), and DCM 

(1.0 mL) were successively added into a 10 mL Schlenk tube. The reaction mixture was 
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stirred at room temperature for 24 h. Then, the mixture was concentrated under reduced 

pressure. The residue was purified by silica-gel column chromatography to afford the 

corresponding product. (eluent: Hex/EA=10/1). 

 

(R)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,R)-2a) 

White solid, 0.2 mmol scale, 22.9 mg, 45% yield, 97% ee, [α]D 
25 = -5.9 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.35; 1H NMR (400 MHz, Chloroform-d) δ 7.52 (dd, J = 8.4, 

1.2 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.43 – 7.39 (m, 1H), 6.98 – 6.91 (m, 2H), 6.65 (t, 

J = 6.8 Hz, 1H), 6.39 (d, J = 8.4 Hz, 1H), 3.64 (dd, J = 11.2, 2.8 Hz, 1H), 3.62 (s, 1H) 

2.93 – 2.77 (m, 3H), 2.15 – 2.09 (m, 1H), 1.98 – 1.87 (m, 1H), 1.55 (s, 3H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 146.7, 144.5, 129.0, 128.6, 127.2, 126.7, 125.2, 

122.0, 118.2, 115.3, 75.3, 59.6, 26.6, 25.0, 22.4. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 16.318 min (major), tR2 = 17.055 min (minor). HRMS (ESI): calculated 

for C17H20NO [M+H]+ 254.1539, found 254.1537. 

 

(S)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,R)-2a) 

Colorless liquid, 0.2 mmol scale, 22.5 mg, 45% yield, 95% ee, [α]D 
25 = +187.5 (c 0.3, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.26; 1H NMR (400 MHz, Chloroform-d) δ 7.50 (d, 

J = 7.2 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.29 (t, J = 0.8 Hz, 2H), 7.01 – 6.92 (m, 2H), 

6.65 (t, J = 7.2 Hz, 1H), 6.56 (d, J = 7.9 Hz, 1H), 3.49 (dd, J = 10.4, 3.2 Hz, 1H), 2.78 

– 2.63 (m, 2H), 2.51 (s, 1H), 1.75– 1.68 (m, 1H), 1.67 (s, 3H), 1.64 – 1.58 (m, 1H). 13C 
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{1H} NMR (101 MHz, Chloroform-d) δ 144.9, 144.5, 129.1, 128.2, 127.1, 126.8, 125.5, 

122.3, 118.0, 115.2, 75.3, 60.5, 26.6, 26.6, 22.9. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 19.308 min (minor), tR2 = 22.890 min (major). HRMS (ESI): calculated 

for C17H20NO [M+H]+ 254.1539, found 254.1545.  

 

(S)-1-phenyl-1-((S)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,S)-2a) 

White solid, 4 mmol scale, 24.3 mg, 48% yield, 98% ee, [α]D 
25= +2.6 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.35; HPLC analysis: The enantiomeric excess was 

determined by HPLC on Daicel Chiralpak AD-H Column (hexane/isopropanol = 96/4, 

flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 16.406 min 

(minor), tR2 = 17.152 min (major).  

 

(R)-1-phenyl-1-((S)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,S)-2a) 

Colorless liquid, 0.2 mmol scale, 22.5 mg, 45% yield, 99% ee, [α]D 
25 = -202.7 (c 0.3, 

CHCl3); TLC: PE/ EA= 10/1, Rf = 0.26; HPLC analysis: The enantiomeric excess was 

determined by HPLC on Daicel Chiralpak AD-H Column (hexane/isopropanol = 96/4, 

flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 19.519 min 

(major), tR2 = 22.731 min (minor). 
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(R)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)-1-(p-tolyl)ethan-1-ol ((R,R)-2b) 

White solid, 0.2 mmol scale, 24.6 mg, 46% yield, 98% ee, [α]D 
25 = -2.6 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.31; 1H NMR (400 MHz, Chloroform-d) δ 7.40 (d, J = 8.0 

Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.01 – 6.86 (m, 2H), 6.64 (t, J = 7.2 Hz, 1H), 6.39 

(d, J = 8.0 Hz, 1H), 3.61 (dd, J = 10.8, 2.8, Hz, 2H), 2.86 (s, 1H), 2.85 – 2.76 (m, 2H), 

2.38 (s, 3H), 2.10 (d, J = 15.8 Hz, 1H), 1.98 – 1.84 (m, 1H), 1.53 (s, 3H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 144.6, 143.6, 136.8, 129.3, 129.0, 126.7, 125.1, 

122.0, 118.1, 115.2, 75.3, 59.6, 26.6, 25.1, 22.4, 21.0. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 15.899 min (major), tR2 = 20.229 min (major). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1695. 

 

(S)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)-1-(p-tolyl)ethan-1-ol ((S,R)-2b) 

Colorless liquid, 0.2 mmol scale, 24.0 mg, 45% yield, 99% ee, [α]D 
25 = +21.1 (c 0.1, 

CHCl3);  TLC: PE/EA=10/1, Rf = 0.26; 1H NMR (400 MHz, Chloroform-d) δ 7.38 (d, 

J = 8.0 Hz, 2H), 7.19 (d, J = 7.6 Hz, 2H), 7.02 – 6.90 (m, 2H), 6.68 – 6.59 (m, 1H), 

6.54 (d, J = 8.0 Hz, 1H), 4.01 (s, 1H), 3.52 – 3.42 (m, 1H), 2.80 – 2.62 (m, 2H), 2.46 

(s, 1H), 2.36 (s, 3H), 1.78 – 1.71 (m, 1H), 1.64 (s, 3H), 1.60 (d, J = 17.8 Hz, 1H). 13C 

{1H} NMR (101 MHz, Chloroform-d) δ 144.6, 141.9, 136.7, 129.1, 128.9, 126.7, 125.4, 

122.3, 117.9, 115.2, 75.2, 60.5, 26.7, 26.5, 23.0, 21.0. HPLC analysis: The 
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enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 17.295 min (minor), tR2 = 21.901 min (major). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1692.   

 

(R)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)-1-(o-tolyl)ethan-1-ol ((R,R)-2c) 

Colorless liquid, 0.3 mmol scale, 37.0 mg, 46% yield, 98% ee, [α]D 
25 = -17.0 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.39; 1H NMR (400 MHz, Chloroform-d) δ 7.53 (d, 

J = 5.6 Hz, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.2 Hz, 1H), 6.88 (d, J = 7.6 Hz, 

1H), 6.50 (d, J = 7.6 Hz, 1H), 6.24 (s, 1H), 3.63 (dd, J = 10.8, 2.8 Hz, 1H), 3.54 (s, 1H), 

2.96 (s, 1H), 2.88 – 2.75 (m, 2H), 2.18 (s, 3H), 2.16 – 2.10 (m, 1H), 1.97 – 1.87 (m, 

1H), 1.55 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 146.8, 144.3, 136.5, 

128.9, 128.6, 127.2, 125.2, 119.2, 119.1, 115.9, 75.3, 59.6, 26.2, 25.1, 22.5, 21.0. HPLC 

analysis: The enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-

3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV 

detection at λ = 254 nm), tR1 = 18.028 min (major), tR2 = 34.489 min (minor). HRMS 

(ESI): calculated for C18H22NO [M+H]+ 268.1696, found 268.1703. 

 

(S)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)-1-(o-tolyl)ethan-1-ol ((S,R)-2c) 

Colorless liquid, 0.3 mmol scale, 36.3 mg, 45% yield, 93% ee, [α]D 
25 = +14.3 (c 0.1, 

CHCl3); TLC: PE/EA= 10/1, Rf = 0.34; 1H NMR (400 MHz, Chloroform-d) δ 7.62 – 

7.56 (m, 1H), 7.24 – 7.17 (m, 3H), 6.99 (q, J = 7.2 Hz, 2H), 6.69 (t, J = 7.2 Hz, 1H), 
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6.56 (d, J = 8.0 Hz, 1H), 3.83 (dd, J = 8.8, 4.8 Hz, 2H), 2.82 (s, 1H) 2.81 – 2.68 (m, 

2H), 2.56 (s, 3H), 1.79 – 1.75 (m, 2H), 1.73 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 144.5, 142.7, 135.1, 132.7, 129.17, 127.2, 127.1, 126.8, 125.8, 122.7, 

118.3, 115.5, 76.6, 57.9, 26.7, 26.5, 22.9, 22.8. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 16.106 min (minor), tR2 = 24.963 min (major). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1702. 

  

(R)-1-(4-methoxyphenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol 

((R,R)-2d) 

Colorless liquid, 0.3 mmol scale, 40.1 mg, 47% yield, 98% ee, [α]D 
25 = -37.2 (c 0.1, 

CHCl3); TLC: PE/EA= 10/1, Rf = 0.33; 1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, 

J = 8.8 Hz, 2H), 7.06 – 6.85 (m, 4H), 6.64 (t, J = 6.8 Hz, 1H), 6.40 (d, J = 9.2 Hz, 1H), 

3.84 (s, 3H), 3.67 (s, 1H), 3.59 (dd, J = 10.8, 2.8 Hz, 1H), 2.91 – 2.75 (m, 3H), 2.11 – 

2.05 (m, 1H), 1.94 – 1.85 (m, 1H), 1.52 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-

d) δ 158.7, 144.6, 138.7, 129.0, 126.7, 126.4, 122.0, 118.0, 115.2, 113.9, 75.1, 59.7, 

55.3, 26.7, 25.0, 22.4. HPLC analysis: The enantiomeric excess was determined by 

HPLC on Daicel Chiralpak AD-3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 

mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 15.206 min (major), tR2 = 22.093 

min (minor). HRMS (ESI): calculated for C18H22NO2 [M+H]+ 284.1645, found 

284.1646. 



S25 

. 

(S)-1-(4-methoxyphenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,R)-

2d) 

Colorless liquid, 0.3 mmol scale, 39.7 mg, 47% yield, 99% ee, [α]D 
25 = +41.1 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) δ 7.41 (d, 

J = 8.8 Hz, 2H), 7.00 – 6.90 (m, 4H), 6.63 (t, J = 7.2 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 

4.11 (s, 1H), 3.82 (s, 3H), 3.45 (dd, J = 10.6, 2.8 Hz, 1H), 2.79 – 2.63 (m, 2H), 2.44 (s, 

1H), 1.80 – 1.74 (m, 1H), 1.64 (s, 3H), 1.62 – 1.53 (m, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 158.6, 144.6, 137.0, 129.0, 126.7, 122.2, 117.8, 115.1, 113.5, 75.1, 

60.6, 55.3, 26.7, 26.3, 23.0. HPLC analysis: The enantiomeric excess was determined 

by HPLC on Daicel Chiralpak AD-3 Column (hexane/isopropanol = 90/10, flow rate = 

1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 14.192 min (minor), tR2 = 

18.489 min (major). HRMS (ESI): calculated for C18H22NO2 [M+H]+ 284.1645, found 

284.1649. 

 

(R)-1-(3-methoxyphenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,R)-

2e) 

Colorless liquid, 0.2 mmol scale, 26.8 mg, 47% yield, 98% ee, [α]D 
25 = -6.9 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.17; 1H NMR (400 MHz, Chloroform-d) δ 7.31 (t, J 

= 8.0 Hz, 1H), 7.11 (t, J = 2.0 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.97 – 6.91 (m, 2H), 

6.84 (dd, J = 8.4, 2.8 Hz, 1H), 6.65 (t, J = 7.2 Hz, 1H), 6.40 (d, J = 8.0 Hz, 1H), 3.85 

(s, 3H), 3.63 (dd, J = 10.8, 2.8 Hz, 1H), 3.57 (s, 1H), 2.93 (s, 1H), 2.90 – 2.76 (m, 2H), 
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2.16– 2.11 (m, 1H), 1.98 – 1.89 (m, 1H), 1.52 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 159.9, 148.6, 144.5, 129.7, 129.0, 126.7, 122.1, 118.2, 117.4, 115.3, 

112.3, 111.4, 75.2, 59.5, 55.3, 26.6, 25.1, 22.3. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), t = 12.512min (minor), tR2 = 24.534 min (major). (ESI): calculated for 

C18H22NO2 [M+H]+ 284.1645, found 284.1652.  

 

(S)-1-(3-methoxyphenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,R)-

2e) 

White solid, 0.2 mmol scale, 24.9 mg, 44% yield, 99% ee, [α]D 
25 = +4.7 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.13; 1H NMR (400 MHz, Chloroform-d) δ 7.29 (t, J = 8.0 Hz, 

1H), 7.09 (s, 1H), 7.04 – 6.92 (m, 3H), 6.82 (d, J = 8.3 Hz, 1H), 6.64 (t, J = 7.2 Hz, 

1H), 6.56 (d, J = 7.6 Hz, 1H), 4.00 (s, 1H), 3.83 (s, 3H), 3.47 (dd, J = 10.0, 3.2 Hz, 1H), 

2.77 – 2.64 (m, 2H), 2.54 (s, 1H), 1.73 – 1.57 (m, 1H), 1.64 (s, 3H), 1.21 (d, J = 6.0 Hz, 

1H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 159.6, 146.7, 144.5, 129.2, 129.1, 

126.8, 122.4, 118.0, 117.8, 115.2, 112.1, 111.6, 75.2, 60.4, 55.3, 26.6, 26.6, 22.9. HPLC 

analysis: The enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-

3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV 

detection at λ = 254 nm), tR1 = 13.523 min (major), tR2 = 18.711 min (minor). HRMS 

(ESI): calculated for C18H22NO2 [M+H]+ 284.1645, found 284.1638. 
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(R)-1-(4-fluorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,R)-2f) 

White solid, 0.2 mmol scale, 26.1 mg, 48% yield, 98% ee, [α]D 
25 = -5.4 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.24; 1H NMR (400 MHz, Chloroform-d) δ 7.40 (dd, J = 8.4, 

5.2 Hz, 2H), 7.00 (t, J = 8.7 Hz, 2H), 6.87 (q, J = 7.2 Hz, 2H), 6.58 (t, J = 7.4 Hz, 1H), 

6.32 (d, J = 8.0 Hz, 1H), 3.52 (dd, J = 10.8, 2.8 Hz, 1H), 3.48 (s, 1H), 2.81 (s, 1H), 2.80 

– 2.67 (m, 2H), 2.06 – 1.97 (m, 1H), 1.89 – 1.75 (m, 1H), 1.44 (s, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 161.96 (d, J = 245.7 Hz), 144.3, 140.4 (d, J = 4.0Hz), 129.1, 

127.0 (d, J = 8.0 Hz), 126.8, 122.0, 118.3, 115.5, 115.3 (d, J = 4.5 Hz), 75.1, 59.6, 26.5, 

25.1, 22.4. 19F {1H} NMR (376 MHz, Chloroform-d) δ -115.8. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 16.855 min (major), tR2 = 19.811 min (minor). HRMS (ESI): calculated 

for C17H19FNO [M+H]+ 272.1445, found 272.1444. 

 

.  

(S)-1-(4-fluorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,R)-2f) 

Colorless liquid, 0.2 mmol scale, 24.4 mg, 45% yield, 99% ee, [α]D 
25 = +5.4 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.21; 1H NMR (400 MHz, Chloroform-d) δ 7.45 (dd, 

J = 8.6, 5.4 Hz, 2H), 7.05 (t, J = 8.6 Hz, 2H), 6.98 (t, J = 7.6 Hz, 1H), 6.93 (d, J = 7.4 

Hz, 1H), 6.65 (t, J = 7.4 Hz, 1H), 6.57 (d, J = 6.8 Hz, 1H), 3.94 (s, 1H), 3.45 (dd, J = 

10.4, 3.2 Hz, 1H), 2.78 – 2.61 (m, 2H), 2.54 (s, 1H), 1.64 (s, 3H), 1.69 – 1.42 (m, 2H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 161.9 (d, J = 245.3 Hz), 144.3, 140.5 (d, J 

= 3.2 Hz), 129.1, 127.2 (d, J = 8.0 Hz), 126.8, 122.3, 118.1, 115.3, 114.9 (d, J = 21.1 

Hz), 75.0, 60.5, 26.9, 26.5, 22.9. 19F {1H} NMR (376 MHz, Chloroform-d) δ -116.1. 

HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak AD-H Column (hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 
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25 ℃, UV detection at λ = 254 nm), tR1 = 20.122 min (major), tR2 = 22.526 min (minor). 

HRMS (ESI): calculated for C17H19FNO [M+H]+ 272.1445, found 272.1444. 

 

(R)-1-(4-chlorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,R)-2g) 

Colorless liquid, 0.2 mmol scale, 26.0 mg, 45% yield, 96% ee, [α]D 
25 = -8.2 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.33; 1H NMR (400 MHz, Chloroform-d) δ 7.45 (d, J 

= 8.4 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 6.98– 6.92 (m, 2H), 6.66 (t, J = 8.0 Hz, 1H), 

6.40 (d, J = 8.0 Hz, 1H), 3.60 (dd, J = 10.8, 2.8 Hz, 1H), 3.54 (s, 1H), 2.92 (s, 1H), 2.88 

– 2.77 (m, 2H), 2.13 – 2.07 (m, 1H), 1.95 – 1.85 (m, 1H), 1.52 (s, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 145.3, 144.2, 133.1, 129.1, 128.7, 126.8, 126.8, 122.0, 

118.4, 115.4, 75.1, 59.5, 26.5, 25.1, 22.3. HPLC analysis: The enantiomeric excess 

was determined by HPLC on Phenomenex Chiralpak NQ-2 Column 

(hexane/isopropanol = 90/10, flow rate = 0.5 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 8.893 min (minor), tR2 = 10.144 min (major). HRMS (ESI): calculated 

for C17H19ClNO [M+H]+ 288.1150, found 288.1149. 

 

(S)-1-(4-chlorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1ol ((S,R)-2g) 

Colorless liquid, 0.2 mmol scale, 25.6 mg, 45% yield, 99% ee, [α]D 
25= +13.5 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, 

J = 8.4 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 6.99 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 7.6 Hz, 

1H), 6.65 (t, J = 7.2 Hz, 1H), 6.57 (d, J = 8.0 Hz, 1H), 4.05 (s, 1H), 3.45 (dd, J = 10.0, 

3.2 Hz, 1H), 2.76 – 2.58 (m, 3H), 1.63 (s, 3H), 1.59 – 1.51 (m, 2H). 13C NMR (101 
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MHz, Chloroform-d) δ 144.3, 143.3, 132.9, 129.1, 128.3, 127.0, 126.8, 122.3, 118.2, 

115.3, 75.0, 60.3, 27.0 26.5, 22.9. HPLC analysis: The enantiomeric excess was 

determined by HPLC on Phenomenex Chiralpak NQ-2 Column (hexane/isopropanol = 

90/10, flow rate = 0.5 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 9.058 min 

(minor), tR2 = 10.682 min (major). HRMS (ESI): calculated for C17H19ClNO [M+H]+ 

288.1150, found 288.1156.  

 

(R)-1-(3-chlorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((R,R)-

2h) 

Colorless liquid, 0.2 mmol scale, 26.9 mg, 47% yield, 96% ee, [α]D 
25 = -10.3 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.28; 1H NMR (400 MHz, Chloroform-d) δ 7.53 (s, 

1H), 7.41 – 7.24 (m, 3H), 6.95 (q, J = 7.4 Hz, 2H), 6.66 (t, J = 7.4 Hz, 1H), 6.42 (d, J 

= 8.0 Hz, 1H), 3.61 (dd, J = 11.0, 2.9 Hz, 1H), 3.52 (s, 1H), 2.96 (s, 1H), 2.91 – 2.73 

(m, 2H), 2.17 – 2.07 (m, 1H), 1.99 – 1.83 (m, 1H), 1.52 (s, 3H). 13C {1H} NMR (101 

MHz, Chloroform-d) δ 149.1, 144.2, 134.8, 129.9, 129.1, 127.4, 126.8, 125.7, 123.4, 

122.1, 118.5, 115.4, 75.1, 59.4, 26.5, 25.1, 22.3. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 11.962 min (major), tR2 = 12.952 min (minor). HRMS (ESI): calculated 

for C17H19ClNO [M+H]+ 288.1150, found 288.1158. 

 

(S)-1-(3-chlorophenyl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol ((S,R)-2h) 
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Colorless liquid, 0.2 mmol scale, 25.0 mg, 44% yield, 99% ee, [α]D 
25 = +15.2 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.22; 1H NMR (400 MHz, Chloroform-d) δ 7.50 (s, 

1H), 7.34 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 6.99 

(t, J = 8.4 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.66 (t, J = 7.2 Hz, 1H), 6.59 (d, J = 8.0 

Hz, 1H), 4.05 (s, 1H), 3.47 (dd, J = 9.6, 3.6 Hz, 1H), 2.79 – 2.65 (m, 2H), 2.60 (s, 1H), 

1.63 (s, 3H), 1.61 – 1.57(m , 2H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 147.0, 

144.2, 134.3, 129.4, 129.1, 127.2, 126.8, 125.8, 123.6, 122.4, 118.3, 115.4, 75.0, 60.3, 

27.1, 26.4, 22.9. HPLC analysis: The enantiomeric excess was determined by HPLC 

on Daicel Chiralpak AD-3 Column (hexane/isopropanol = 90/10, flow rate = 0.8 

mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 10.416 min (minor), tR2 = 13.161 

min (major). HRMS (ESI): calculated for C17H19ClNO [M+H]+ 288.1150, found 

288.1147. 

 

(R)-1-([1,1'-biphenyl]-4-yl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol 

((R,R)-2i) 

Colorless liquid, 0.3 mmol scale, 47.6 mg, 48% yield, 98% ee, [α]D 
25 = -23.2 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.31; 1H NMR (400 MHz, Chloroform-d) δ 7.66 – 

7.58 (m, 6H), 7.48 (t, J = 7.6 Hz, 2H), 7.38 (t, J = 7.2 Hz, 1H), 7.00 – 6.93 (m, 2H), 

6.67 (t, J = 7.6 Hz, 1H), 6.43 (d, J = 8.0 Hz, 1H), 3.69 (dd, J = 11.2, 2.8 Hz, 2H), 2.98 

(s, 1H), 2.94 – 2.80 (m, 2H), 2.18 – 2.12 (m, 1H), 2.00 – 1.92 (m, 1H), 1.59 (s, 3H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 145.7, 144.5, 140.6, 140.1, 129.1, 128.9, 

127.4, 127.3, 127.1, 126.8, 125.7, 122.1, 118.2, 115.3, 75.3, 59.6, 26.6, 25.1, 22.4. 

HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak AD-3 Column (hexane/isopropanol = 93/7, flow rate = 0.5 mL/min, T = 25 ℃, 

UV detection at λ = 254 nm), tR1 = 31.966 min (minor), tR2 = 34.792 min (major). 

HRMS (ESI): calculated for C23H24NO [M+H]+ 330.1852, found 330.1858. 
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(S)-1-([1,1'-biphenyl]-4-yl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol 

((S,R)-2i) 

Colorless liquid, 0.3 mmol scale, 47.0 mg, 48% yield, 98% ee, [α]D 
25 = +49.6 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.31; [α]D 
25 = +49.6 (c 0.1, CHCl3); TLC: PE/EA=10/1, 

Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) δ 7.63 – 7.56 (m, 6H), 7.46 (t, J = 7.6 

Hz, 2H), 7.36 (t, J = 7.6 Hz, 1H), 7.04 – 6.92 (m, 2H), 6.66 (t, J = 7.6 Hz, 1H), 6.58 (d, 

J = 8.0 Hz, 1H), 3.53 (dd, J = 10.4, 3.2 Hz, 1H), 2.81– 2.61 (m, 2H), 2.57 (s, 1H), 1.83– 

1.75 (m, 2H), 1.70 (s, 3H), 1.67 – 1.61 (m, 1H). 13C {1H} NMR (101 MHz, Chloroform-

d) δ 144.5, 143.9, 140.7, 139.9, 129.1, 128.8, 127.3, 127.1, 126.9, 126.8, 126.0, 122.3, 

118.0, 115.2, 75.28, 60.5, 26.7, 26.7, 23.0. HPLC analysis: The enantiomeric excess 

was determined by HPLC on Daicel Chiralpak AD-3 Column (hexane/isopropanol = 

93/7, flow rate = 0.5 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 32.997 min 

(minor), tR2 = 42.894 min (major). HRMS (ESI): calculated for C23H24NO [M+H]+ 

330.1852, found 330.1860. 

 

(R)-1-(benzo[d][1,3]dioxol-5-yl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol 

((R,R)-2j) 

White solid, 0.2 mmol scale, 28.0 mg, 47% yield, 98% ee, [α]D 
25 = -22.5 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.20; 1H NMR (400 MHz, Chloroform-d) δ 7.01 (d, J = 2.0 

Hz, 1H), 6.98 – 6.92 (m, 3H), 6.82 (d, J = 8.4 Hz, 1H), 6.65 (t, J = 7.2 Hz, 1H), 6.42 

(d, J = 8.0 Hz, 1H), 5.98 (d, J = 2.0 Hz, 2H), 3.64 (s, 1H), 3.56 (dd, J = 11.2, 2.8 Hz, 
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1H), 2.92 – 2.75 (m, 3H), 2.12 – 2.06 (m, 1H), 1.94 – 1.83 (m, 1H), 1.50 (s, 3H). 13C 

{1H} NMR (101 MHz, Chloroform-d) δ 148.0, 146.6, 144.5, 140.9, 129.0, 126.8, 122.0, 

118.3, 118.2, 115.3, 108.1, 106.1, 101.2, 75.2, 59.6, 26.6, 25.2, 22.4. HPLC analysis: 

The enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 17.858 min (minor), tR2 = 33.443 min (major). HRMS (ESI): calculated 

for C18H20NO3 [M+H]+ 298.1438, found 298.1438.  

 

(S)-1-(benzo[d][1,3]dioxol-5-yl)-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)ethan-1-ol 

((S,R)-2j) 

White solid, 0.2 mmol scale, 28.2 mg, 47% yield, 99% ee, [α]D 
25 = +18.6 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.13; 1H NMR (400 MHz, Chloroform-d) δ 7.02 (d, J = 1.6 

Hz, 1H), 7.00 – 6.92 (m, 3H), 6.80 (d, J = 8.4 Hz, 1H), 6.40 (t, J = 8.4 Hz, 1H), 6.55 

(d, J = 8.0 Hz, 1H), 5.96 (d, J = 2.0 Hz, 2H), 3.98 (s, 1H), 3.42 (dd, J = 10.4, 2.8 Hz, 

1H), 2.78 – 2.65 (m, 2H), 2.45 (s, 1H), 1.79 – 1.73 (m, 1H), 1.62 (s, 3H), 1.62 – 1.55 

(m, 1H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 147.6, 146.5, 144.5, 139.0, 129.1, 

126.8, 122.3, 118.7, 118.0, 115.2, 107.8, 106.5, 101.0, 75.2, 60.6, 26.6, 26.6, 23.0. 

HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak AD-3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 

25 ℃, UV detection at λ = 254 nm), tR1 = 16.024 min (major), tR2 = 24.843 min (minor). 

HRMS (ESI): calculated for C18H20NO3 [M+H]+ 298.1438, found 298.1443. 
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(R)-1-((R)-7-methyl-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2k) 

Colorless liquid, 0.3 mmol scale, 37.1 mg, 46% yield, 99% ee, [α]D 
25 = -14.4 (c 0.1, 

CHCl3); TLC: PE:EA=10/1, Rf = 0.36; 1H NMR (400 MHz, Chloroform-d) δ 7.57 – 

7.55 (m, 1H), 7.25 – 7.18 (m, 3H)), 6.95 (q, J = 7.6 Hz, 2H), 6.65 (t, J = 8.0 Hz, 1H), 

6.43 (d, J = 9.2 Hz, 1H), 3.90 (dd, J = 10.8, 2.8 Hz, 1H), 3.70 (s, 1H), 2.95 (s, 1H), 2.93 

– 2.77 (m, 2H), 2.57 (s, 3H), 2.08 – 2.03 (m, 1H), 1.98 – 1.87 (m, 1H), 1.64 (s, 3H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 144.6, 143.6, 135.7, 133.2, 129.1, 127.4, 

126.8, 126.5, 126.0, 122.0, 118.1, 115.3, 76.6, 57.4, 26.7, 24.1, 22.7, 22.5. HPLC 

analysis: The enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-

3 Column (hexane/isopropanol = 96/4, flow rate = 0.8 mL/min, T = 25 ℃, UV detection 

at λ = 254 nm), tR1 = 17.250 min (major), tR2 = 21.942 min (minor). HRMS (ESI): 

calculated for C18H22NO [M+H]+ 268.1696, found 268.1695. 

 

(S)-1-((R)-7-methyl-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2k) 

Colorless liquid, 0.3 mmol scale, 37.7 mg, 47% yield, 99% ee, [α]D 
25 = +53.8 (c 0.1, 

CHCl3); TLC: PE:EA=10/1, Rf = 0.28; 1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, 

J = 7.6 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 6.84 (d, J = 7.6 Hz, 

1H), 6.49 (d, J = 7.6 Hz, 1H), 6.41 (s, 1H), 3.97 (s, 1H), 3.48 (dd, J = 10.4, 2.8 Hz, 1H), 

2.75 – 2.60 (m, 3H), 2.24 (s, 3H), 1.76 – 1.69 (m, 3H), 1.66 (s, 3H),1.63 – 1.55 (m, 1H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 145.0, 144.3, 136.5, 129.0, 128.2, 127.1, 

125.5, 119.4, 118.9, 115.8, 75.3, 60.5, 26.5, 26.3, 23.2, 21.1. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 96/4, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 23.111 min (minor), tR2 = 26.172 min (major). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1701. 
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(R)-1-((R)-8-methyl-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-

2l) 

Colorless liquid, 0.3 mmol scale, 38.5 mg, 48% yield, 89% ee, [α]D 
25 = -10.7 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.37; 1H NMR (400 MHz, Chloroform-d) δ 7.53 (d, 

J = 7.2 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 6.88 – 6.83 (m, 2H), 

6.60 (t, J = 7.4 Hz, 1H), 3.61 (dd, J = 11.2, 2.9 Hz, 1H), 3.40 (s, 1H), 2.99 (s, 1H), 2.92 

– 2.79 (m, 2H),, 2.14 – 2.11 (m, 1H), 1.97 – 1.89 (m, 1H), 1.82 (s, 3H), 1.60 (s, 3H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 146.7, 142.4, 128.6, 127.9, 127.2, 126.8, 

125.1, 122.3, 121.5, 117.6, 75.3, 60.1, 26.8, 24.6, 22.2, 16.7. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 12.990 min (major), tR2 = 19.772 min (minor). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1705. 

 

(S)-1-((R)-8-methyl-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2h) 

Colorless liquid, 0.3 mmol scale, 37.9 mg, 47% yield, 65% ee, [α]D 
25 = +4.6 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.27; 1H NMR (400 MHz, Chloroform-d) δ 7.52 (d, 

J = 7.2 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.30 (d, J = 7.2 Hz, 1H), 6.87 (d, J = 7.2 Hz, 

1H), 6.82 (d, J = 7.6 Hz, 1H), 6.58 (t, J = 7.2 Hz, 1H), 3.79 (s, 1H), 3.50 (dd, J = 10.8, 

3.2 Hz, 1H), 2.82 – 2.65 (m, 2H), 2.48 (s, 1H), 2.06 (s, 3H), 1.81 – 1.75 (m, 1H)), 1.69 

(s, 3H), 1.61 – 1.57 (m, 1H)). 13C {1H} NMR (101 MHz, Chloroform-d) δ 144.9, 142.4, 
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128.2, 127.9, 127.1, 126.9, 125.5, 122.2, 121.6, 117.3, 75.5, 60.8, 27.0, 26.2, 22.8, 17.1. 

HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak OD-3 Column (hexane/isopropanol = 96/4, flow rate = 1.0 mL/min, T = 

25 ℃, UV detection at λ = 254 nm), tR1 = 15.526 min (major), tR2 = 16.921 min (minor). 

HRMS (ESI): calculated for C18H22NO [M+H]+ 268.1696, found 268.1701. 

 

(R)-1-((R)-6-methoxy-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2m) 

Colorless liquid, 0.3 mmol scale, 41.5 mg, 49% yield, >99% ee, [α]D 
25 = -11.3 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.28; 1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, 

J = 7.2 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 6.56 – 6.52 (m, 2H), 

6.33 (d, J = 8.4 Hz, 1H), 3.71 (s, 3H), 3.58 (dd, J = 11.2, 2.8 Hz, 1H), 3.31 (s, 1H), 3.09 

(s, 1H), 2.93 – 2.75 (m, 2H), 2.17 – 2.11 (m, 1H), 1.97 – 1.87 (m, 1H)), 1.53 (s, 3H). 

13C {1H} NMR (101 MHz, Chloroform-d) δ 152.5, 146.9, 138.3, 128.6, 127.1, 125.1, 

123.3, 116.4, 114.3, 112.9, 75.1, 59.8, 55.8, 26.9, 25.3, 22.4. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-H Column 

(hexane/isopropanol = 96/4, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR = 25.537 min. HRMS (ESI): calculated for C18H22NO2 [M+H]+ 284.1645, 

found 286.1650. 

 

(S)-1-((R)-6-methoxy-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2m) 

Colorless liquid, 0.3 mmol scale, 40.9 mg, 48% yield, 96% ee, [α]D 
25 = +24.0 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) δ 7.48 (d, J = 7.2 Hz, 



S36 

2H), 7.37 (t, J = 7.6 Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H), 6.61 (dd, J = 8.8, 2.8 Hz, 1H), 6.55 – 6.53 (m, 

2H), 3.71 (s, 3H), 3.42 (dd, J = 10.0, 34.0 Hz, 1H), 2.79 – 2.48 (m, 4H), 1.64 (s, 3H), 1.63 – 1.56 (m, 

2H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 152.5, 145.0, 138.3, 128.2, 127.0, 125.3, 123.8, 

116.5, 114.2, 112.9, 75.1, 60.7, 55.8, 27.0, 26.9, 22.9. HPLC analysis: The enantiomeric excess 

was determined by HPLC on Daicel Chiralpak AD-H Column (hexane/isopropanol = 

96/4, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 28.991 min 

(minor), tR2 = 36.665 min (major). HRMS (ESI): calculated for C18H22NO2 [M+H]+ 

284.1645, found 286.1643. 

 

(R)-1-((R)-6-fluoro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-

2n) 

Colorless liquid, 0.2 mmol scale, 25.6 mg, 47% yield, 91% ee, [α]D 
25 = -11.9 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.29; 1H NMR (400 MHz, Chloroform-d) δ 7.50 (d, 

J = 7.2 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 6.70 – 6.62 (m, 2H), 

6.31 (dd, J = 8.4, 4.8 Hz, 1H), 3.59 (dd, J = 10.8, 2.8 Hz, 1H), 3.48 (s, 1H), 2.95 (s, 

1H), 2.90 – 2.86 (m, 1H), 2.78 – 2.74 (m, 1H), 2.13 – 2.10 (m, 1H), 1.96 – 1.82 (m, 

1H), 1.54 (s, 3H). 13C {1H} NMR 13C NMR (101 MHz, Chloroform-d) δ 156.0 (d, J = 

236.0 Hz), 146.6, 140.5 (d, J = 2.0 Hz), 128.6, 127.3, 125.2, 123.4 (d, J = 6.8 Hz), 116.0 

(d, J = 7.6 Hz), 115.3, 115.0, 113.4, 113.2, 75.2, 59.7, 26.7, 25.0, 22.1. 19F {1H}NMR 

(376 MHz, Chloroform-d) δ -126.9. HPLC analysis: The enantiomeric excess was 

determined by HPLC on Daicel Chiralpak OD-3 Column (hexane/isopropanol = 90/10, 

flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 9.306 min (minor), 

tR2 = 11.001 min (major). HRMS (ESI): calculated for C17H19FNO [M+H]+ 272.1445, 

found 272.1443. 
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(S)-1-((R)-6-fluoro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2n) 

Colorless liquid, 0.2 mmol scale, 26.0 mg, 48% yield, 99% ee, [α]D 
25 = +20.0 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.28; 1H NMR (400 MHz, Chloroform-d) δ 7.48 (d, 

J = 7.2 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 6.72 – 6.64 (m, 2H), 

6.48 (dd, J = 8.4, 4.8 Hz, 1H), 3.91 (s, 1H), 3.43 (dd, J = 10.4, 2.8 Hz, 1H), 2.77 – 2.59 

(m, 2H), 2.57 (s, 1H), 1.72 – 1.68 (m, 1H), 1.65 (s, 3H), 1.61 – 1.52 (m, 1H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 155.9 (d, J = 235.9 Hz), 144.8, 140.6 (d, J = 2.0 Hz), 

128.2, 127.1, 125.4, 123.7 (d, J = 6.8 Hz), 116.0 (d, J = 7.7 Hz), 115.3, 115.1, 113.4, 

113.2, 75.2, 60.6, 26.8, 26.6, 22.7. 19F {1H} NMR (376 MHz, Chloroform-d) δ -127.1. 

HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak OD-3 Column (hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 

25 ℃, UV detection at λ = 254 nm), tR1 = 12.163 min (major), tR2 = 14.230 min (minor). 

HRMS (ESI): calculated for C17H19FNO [M+H]+ 272.1445, found 272.1449.  

 

(R)-1-((R)-8-fluoro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2o) 

Colorless liquid, 0.3 mmol scale, 37.2 mg, 46% yield, 99% ee, [α]D 
25 = -3.5 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.33; 1H NMR (400 MHz, Chloroform-d) δ 7.52 (d, 

J = 7.2 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.2 Hz, 1H), 6.78 – 6.73 (m, 2H), 

6.57 – 6.52 (m, 1H), 3.88 (s, 1H), 3.60 (dd, J = 11.2, 1.6 Hz, 1H), 2.91 – 2.79 (m, 3H), 

2.11 – 2.05 (m, 1H), 1.95 – 1.85 (m, 1H), 1.59 (s, 3H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 151.3 (d, J = 239.8 Hz), 146.3, 133.0 (d, J = 11.9 Hz) 128.62, 127.36, 
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125.19, 124.2 (d, J = 3.3 Hz), 124.0 (d, J = 2.9 Hz)，116.9 (d, J = 7.6 Hz), 112.3 (d, J 

= 18.3 Hz), 59.3, 26.4, 26.3, 24.6, 22.2. 19F {1H} NMR (376 MHz, Chloroform-d) δ -

137.4. HPLC analysis: The enantiomeric excess was determined by HPLC on Daicel 

Chiralpak OD-3 Column (hexane/isopropanol = 95/5, flow rate = 1.0 mL/min, T = 

25 ℃, UV detection at λ = 254 nm), tR1 = 9.563 min (major), tR2 = 15.354 min (minor). 

HRMS (ESI): calculated for C17H19FNO [M+H]+ 272.1445, found 272.1449. 

 

(S)-1-((R)-8-fluoro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2o) 

Colorless liquid, 0.3 mmol scale, 36.7 mg, 45% yield, 96% ee, [α]D 
25 = +25.5 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.31; 1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, 

J = 8.0 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 6.80 (dd, J = 11.8, 

7.6 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.57 – 6.51 (m, 1H), 4.23 (s, 1H), 3.48 (dd, J = 

10.4, 3.2 Hz, 1H), 2.75 –2.68 (m, 2H), 2.47 (s, 1H), 1.78 – 1.71 (m, 1H), 1.69 (s, 3H), 

1.65 – 1.55 (m, 1H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 151.3 (d, J = 239.3 

Hz), 144.6, 132.9 (d, J = 11.9 Hz), 128.2, 127.2, 125.5, 124.4 (d, J = 3.2 Hz), 124.0 (d, 

J = 2.9 Hz), 116.6 (d, J =7.6 239.3 Hz), 112.3 (d, J = 18.4 Hz), 59.8, 26.6, 26.3, 26.3, 

22.7. 19F {1H} NMR (376 MHz, Chloroform-d) δ -137.7. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 95/5, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 11.970 min (minor), tR2 = 13.408 min (major). HRMS (ESI): calculated 

for C17H19FNO [M+H]+ 272.1445, found 272.1451. 

 

(R)-1-((R)-7-chloro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2p) 
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White solid, 0.2 mmol scale, 27.1 mg, 47% yield, 98% ee, [α]D 
25 = -260.0 (c 0.1, CHCl3); 

TLC: PE/EA=10/1, Rf = 0.24; 1H NMR (400 MHz, Chloroform-d) δ 7.49 (d, J = 7.6 

Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.32 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.58 

(d, J = 8.0 Hz, 1H), 6.38 (s, 1H), 3.72 (s, 1H), 3.60 (dd, J = 10.8, 2.8 Hz, 1H), 2.78– 

2.74 (m, 2H), 2.71 (s, 1H), 2.08– 2.04 (m, 1H), 1.88 – 1.82 (m, 1H), 1.54 (s, 3H). 13C 

{1H} NMR (101 MHz, Chloroform-d) δ 146.2, 145.6, 132.0, 129.9, 128.7, 127.4, 125.2, 

120.3, 117.8, 114.6, 75.4, 59.5, 26.1, 24.7, 22.2. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 96/4, flow rate = 0.6 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 25.259 min (major), tR2 = 35.366 min (minor). HRMS (ESI): calculated 

for C17H19ClNO [M+H]+ 288.1150, found 288.1147. 

 

(S)-1-((R)-7-chloro-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2p) 

Colorless liquid, 0.2 mmol scale,27.7 mg, 48% yield, 89% ee, [α]D 
25 = +257.2 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) δ 7.48 (d, 

J = 8.0 Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 8.0 Hz, 

1H), 6.56 (d, J = 8.0 Hz, 1H), 6.51 (s, 1H), 4.11 (s, 1H) 3.46 (dd, J = 10.4, 3.2 Hz, 1H), 

2.71 – 2.60 (m, 2H), 2.31 (s, 1H), 1.81 – 1.75 (m, 1H), 1.66 (s, 3H), 1.57 – 1.47 (m, 

1H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 144.6, 144.5, 131.9, 129.9, 128.3, 

127.3, 125.6, 120.4, 117.4, 114.4, 75.4, 60.2, 26.3, 26.2, 22.8. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 96/4, flow rate = 0.6 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 43.669 min (minor), tR2 = 54.625 min (major). HRMS (ESI): calculated 

for C17H19ClNO [M+H]+ 288.1150, found 288.1149. 
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(R)-1-((R)-6-bromo-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2q) 

Colorless liquid, 0.2 mmol scale, 31.8 mg, 48% yield, 98% ee, [α]D 
25 = -23.1 (c 0.1, 

CHCl3); TLC: PE:EA=10/1, Rf = 0.27; 1H NMR (400 MHz, Chloroform-d) δ 7.50 (dd, 

J = 8.4, 1.2 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 7.06 (s, 1H), 7.00 

(dd, J = 8.4, 2.0 Hz, 1H), 6.27 (d, J = 8.4 Hz, 1H), 3.66 (s, 1H), 3.59 (dd, J = 10.8, 2.8 

Hz, 1H), 2.86 – 2.69 (m, 2H),2.74 (s, 1H), 2.09 – 2.03 (m, 1H), 1.90 – 1.79 (m, 1H), 

1.54 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 146.3, 143.6, 131.4, 129.4, 

128.7, 127.4, 125.2, 124.0, 116.6, 109.5, 75.4, 59.6, 26.4, 24.8, 22.0. HPLC analysis: 

The enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 19.705min (minor), tR2 = 25.981 min (minor). HRMS (ESI): calculated 

for C17H19BrNO [M+H]+ 332.0645, found 332.0647. 

 

(S)-1-((R)-6-bromo-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2q) 

White solid, 0.2 mmol scale, 30.4 mg, 46% yield, 98% ee, [α]D 
25 = +7.6 (c 0.1, CHCl3); 

TLC: PE:EA=10/1, Rf = 0.20; 1H NMR (400 MHz, Chloroform-d) δ 7.51 – 7.45 (m, 

2H), 7.37 (t, J = 7.6 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.03 (d, J = 7.6 Hz, 2H), 6.41 (d, 

J = 8.4 Hz, 1H), 4.06 (s, 1H), 3.45 (dd, J = 10.4, 2.8 Hz, 1H), 2.74 – 2.58 (m, 2H), 2.37 

(s, 1H), 1.77 – 1.65 (m, 1H), 1.65 (s, 3H), 1.57 – 1.47 (m, 1H). 13C {1H} NMR (101 

MHz, Chloroform-d) δ 144.5, 143.6, 131.4, 129.4, 128.3, 127.2, 125.5, 124.2, 116.5, 

109.3, 75.4, 60.4, 26.5, 26.4, 22.6. HPLC analysis: The enantiomeric excess was 
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determined by HPLC on Daicel Chiralpak AD-3 Column (hexane/isopropanol = 90/10, 

flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 23.151 min 

(major), tR2 = 24.187 min (minor). HRMS (ESI): calculated for C17H19BrNO [M+H]+ 

332.0645, found 332.0637. 

N
H OH

Ph
Br

(R,R)-2r
Chemical Formula: C17H18BrNO

Exact Mass: 331.0572
 

(R)-1-((R)-7-bromo-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((R,R)-2r) 

Colorless liquid, 0.2 mmol scale, 29.8 mg, 45% yield, 98% ee, [α]D 
25 = -0.8 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.29; 1H NMR (400 MHz, Chloroform-d) δ 7.50 (d, 

J = 7.2 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 7.06 (s, 1H), 7.00 (d, 

J = 10.6 Hz, 1H), 6.27 (d, J = 8.4 Hz, 1H), 3.66 (s, 1H), 3.59 (dd, J = 10.8, 2.8 Hz, 1H), 

2.90 – 2.74 (m, 2H), 2.74 (s, 1H), 2.08 – 2.03 (m, 1H), 1.92 – 1.78 (m, 1H), 1.54 (s, 

3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 146.3, 143.6, 131.4, 129.4, 128.7, 

127.4, 125.2, 124.0, 116.6, 109.5, 75.4, 59.6, 26.4, 24.8, 22.0. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 10.608 min (major), tR2 = 12.981 min (minor). HRMS (ESI): calculated 

for C17H19BrNO [M+H]+ 332.0645, found 332.0639. 

 
(S)-1-((R)-7-bromo-1,2,3,4-tetrahydroquinolin-2-yl)-1-phenylethan-1-ol ((S,R)-2r) 

Colorless liquid, 0.2 mmol scale, 31.2 mg, 47% yield, 93% ee, [α]D 
25 = +10.4 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.24; 1H NMR (400 MHz, Chloroform-d) δ 7.47 (d, 

J = 8.0 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.03 (d, J = 7.6 Hz, 

2H), 6.41 (d, J = 8.4 Hz, 1H), 4.05 (s, 1H), 3.45 (dd, J = 10.4, 2.8 Hz, 1H), 2.70 – 2.59 

(m, 2H), 2.36 (s, 1H), 1.77 – 1.71 (m, 1H), 1.65 (s, 3H), 1.56 – 1.48 (m, 1H). 13C {1H} 
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NMR (101 MHz, Chloroform-d) δ 144.5, 143.6, 131.4, 129.4, 128.3, 127.2, 125.5, 

124.2, 116.5, 109.3, 75.3, 60.4, 26.5, 26.4, 22.6. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 13.309 min (minor), tR2 = 15.905 min (major). HRMS (ESI): calculated 

for C17H19BrNO [M+H]+ 332.0645, found 332.0638. 

 

(R)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)propan-1-ol ((R,R)-2s) 

Colorless liquid, 0.2 mmol scale, 25.2 mg, 47% yield, 98% ee, [α]D 
25 = -34.2 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.40; 1H NMR (400 MHz, Chloroform-d) δ 7.48 (d, 

J = 7.2 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 6.97 (d, J = 7.2 Hz, 

1H), 6.92 (t, J = 7.6 Hz, 1H), 6.65 (t, J = 7.2 Hz, 1H), 6.35 (d, J = 8.0 Hz, 1H), 3.68 

(dd, J = 10.8, 2.8 Hz, 1H), 3.40 (s, 1H), 2.98 (s, 1H), 2.96 – 2.77 (m, 2H), 2.24 – 2.18 

(m, 1H), 2.05 – 1.94 (m, 2H), 1.83 – 1.76 (m, 1H), 0.69 (t, J = 7.2 Hz, 3H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 144.5, 144.2, 129.1, 128.5, 127.1, 126.7, 126.0, 

122.2, 118.3, 115.4, 77.9, 59.4, 30.1, 26.6, 22.1, 7.8. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 8.980 min (minor), tR2 = 9.556 min (major). HRMS (ESI): calculated 

for C18H22NO [M+H]+ 268.1696, found 268.1700. 

 

(S)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)propan-1-ol ((S,R)-2s) 
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Colorless liquid, 0.2 mmol scale, 24.8 mg, 47% yield, 99% ee, [α]D 
25 = +12.7 (c 0.1, 

CHCl3); TLC: PE/EA=10/1, Rf = 0.33; 1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, 

J = 7.2 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.30 – 7.25 (m, 1H), 7.00 (t, J = 7.6 Hz, 1H), 

6.93 (d, J = 7.2 Hz, 1H), 6.70 – 6.58 (m, 2H), 4.15 (s, 1H), 3.53 (dd, J = 10.2, 3.2 Hz, 

1H), 2.73 – 2.60 (m, 2H), 2.56 (s, 1H), 2.02 – 1.91 (m, 2H), 1.66 – 1.50 (m, 2H), 0.77 

(t, J = 7.2 Hz, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 144.4, 142.3, 129.1, 

128.1, 126.8, 126.7, 125.9, 122.7, 118.2, 115.5, 78.0, 60.1, 31.9, 26.5, 22.9, 7.8. HPLC 

analysis: The enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-

3 Column (hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV 

detection at λ = 254 nm), tR1 = 13.477 min (minor), tR2 = 17.261 min (major). HRMS 

(ESI): calculated for C18H22NO [M+H]+ 268.1696, found 268.1690. 

 

(R)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)pentan-1-ol ((R,R)-2t) 

White solid, 0.2 mmol scale, 26.0 mg, 44% yield, 98% ee, [α]D 
25 = -7.8 (c 0.1, CHCl3); 

TLC: PE:EA=5/1, Rf = 0.17; 1H NMR (400 MHz, Chloroform-d) δ 7.47 (d, J = 7.2 Hz, 

2H), 7.40 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 6.96 (d, J = 7.2 Hz, 1H), 6.91 (t, 

J = 7.6 Hz, 1H), 6.64 (t, J = 7.2 Hz, 1H), 6.34 (d, J = 8.0 Hz, 1H), 3.65 (dd, J = 10.8, 

2.8 Hz, 1H), 3.38 (s, 1H), 2.96 (s, 1H), 2.90 – 2.78 (m, 2H), 2.25 – 2.19 (m, 1H), 2.01 

– 1.91 (m, 2H), 1.80 – 1.72 (m, 1H), 1.27 – 1.19 (m, 3H), 0.82 – 0.79 (m, 4H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 144.6, 144.5, 129.0, 128.5, 127.0, 126.7, 125.9, 

122.2, 118.3, 115.4, 77.6, 59.6, 37.2, 26.6, 25.6, 23.2, 22.1, 14.0. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 6.638 min (minor), tR2 = 7.578 min (major). HRMS (ESI): calculated 

for C20H26NO [M+H]+ 296.2009, found 296.2015.  
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(S)-1-phenyl-1-((R)-1,2,3,4-tetrahydroquinolin-2-yl)pentan-1-ol ((S,R)-2t) 

White solid, 0.2 mmol scale, 26.6 mg, 44% yield, 99% ee, [α]D 
25 = +8.3 (c 0.1, CHCl3); 

TLC: PE:EA= 5/1, Rf = 0.15; 1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, J = 7.2 Hz, 

2H), 7.36 (t, J = 7.6 Hz, 2H), 7.28 – 7.24 (m, 1H), 7.00 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 

7.6 Hz, 1H), 6.67 – 6.61 (m, 2H), 4.15 (s, 1H), 3.50 (dd, J = 10.0, 3.6 Hz, 1H), 2.72 – 

2.60 (m, 2H), 2.56 (s, 1H), 2.03 – 1.93 (m, 1H), 1.89 – 1.82 (m, 1H), 1.64 – 1.47 (m, 

3H), 1.38 – 1.29 (m, 3H), 1.00 – 0.92 (m, 1H), 0.84 (t, J = 7.2 Hz, 3H). 13C {1H} NMR 

(101 MHz, Chloroform-d) δ 144.4, 142.8, 129.0, 128.1, 126.8, 126.6, 125.7, 122.7, 

118.2, 115.5, 77.7, 60.3, 39.2, 26.5, 25.6, 23.2, 22.8, 14.0. HPLC analysis: The 

enantiomeric excess was determined by HPLC on Daicel Chiralpak OD-3 Column 

(hexane/isopropanol = 90/10, flow rate = 0.8 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 8.643 min (major), tR2 = 9.979 min (minor). HRMS (ESI): calculated 

for C20H26NO [M+H]+ 296.2009, found 296.2008. 

 

2-(1,2,3,4-tetrahydroquinolin-2-yl)but-3-en-2-ol (2u-A) 

Colorless liquid, 0.2 mmol scale, 18.6 mg, 46% yield, 98% ee, [α]D 
25 = -23.1 (c 0.1, 

CHCl3); TLC: PE:EA=10/1, Rf = 0.29; 1H NMR (400 MHz, Chloroform-d) δ 6.97 (d, 

J = 7.6 Hz, 2H), 6.65 (t, J = 7.2 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 5.92 (dd, J = 17.2, 

10.4 Hz, 1H), 5.45 (d, J = 17.2 Hz, 1H), 5.25 (d, J = 10.8 Hz, 1H), 4.02 (s, 1H), 3.19 

(dd, J = 11.2, 2.8 Hz, 1H), 2.89 – 2.74 (m, 2H), 2.34 (s, 1H), 2.06 (d, J = 12.8 Hz, 1H), 

1.83 – 1.74 (m, 1H), 1.30 (s, 3H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 144.6, 

143.8, 129.0, 126.8, 121.8, 117.8, 114.9, 114.2, 74.2, 58.0, 26.6, 22.6, 22.1. HPLC 
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analysis: The enantiomeric excess was determined by HPLC on Phenomenex 

Chiralpak NQ-2 Column (hexane/isopropanol = 90/10, flow rate = 0.5 mL/min, T = 

25 ℃, UV detection at λ = 254 nm), tR1 = 8.257 min (major), tR2 = 10.156 min (minor). 

HRMS (ESI): calculated for C13H18NO [M+H]+ 204.1383, found 204.1383. 

 

2-(1,2,3,4-tetrahydroquinolin-2-yl)but-3-en-2-ol (2u-B) 

Colorless liquid, 0.2 mmol scale, 17.8 mg, 43% yield, 97% ee, [α]D 
25 = +18.3 (c 0.1, 

CHCl3); TLC: PE:EA=10/1, Rf = 0.21; 1H NMR (400 MHz, Chloroform-d) δ 6.96 (q, 

J = 7.2 Hz, 2H), 6.63 – 6.52 (m, 2H), 6.01 (dd, J = 17.2, 10.8 Hz, 1H), 5.34 (d, J = 17.2 

Hz, 1H), 5.21 (d, J = 10.8 Hz, 1H), 4.27 (s, 1H), 3.28 (d, J = 13.6 Hz, 1H), 2.88 – 2.70 

(m, 2H), 2.05 – 1.95 (m, 1H), 1.82 (s, 1H), 1.69 – 1.58 (m, 1H), 1.38 (s, 3H). 13C {1H} 

NMR (101 MHz, Chloroform-d) δ 145.8, 141.0, 128.9, 126.8, 121.5, 117.3, 114.8, 

114.5, 74.9, 59.7, 26.8, 24.7, 23.3. HPLC analysis: The enantiomeric excess was 

determined by HPLC on Phenomenex Chiralpak NQ-2 Column (hexane/isopropanol = 

90/10, flow rate = 0.5 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 9.123 min 

(major), tR2 = 9.977 min (minor). HRMS (ESI): calculated for C13H18NO [M+H]+ 

204.1383, found 204.1388. 

 

(2R)-2-(1-methoxy-1-phenylethyl)-1,2,3,4-tetrahydroquinoline (2v) 

Colorless liquid, 0.2 mmol scale, 51.3 mg, 96% yield (mixture), dr: 1/1; 99% ee or 87% 

ee of each isomer, TLC: PE/EA= 40/1, Rf = 0.23; 1H NMR (400 MHz, Chloroform-d) 

δ 7.47 – 7.39 (m, 8H), 7.37 – 7.30 (m, 2H), 7.01 (t, J = 6.8 Hz, 1H), 6.92 (d, J = 7.2 Hz, 

3H), 6.62– 6.56 (m, 3H), 6.36 (d, J = 7.2 Hz, 1H), 3.49 – 3.42 (m, 2H), 3.15 (s, 3H), 
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3.10 (s, 3H), 2.91 – 2.82 (m, 1H), 2.72 – 2.59 (m, 3H), 2.23 – 2.17(m, 1H), 1.65 (s, 3H), 

1.61 (s, 3H), 1.59 –1.50 (m, 3H), 1.40 – 1.34 (m, 1H). 13C {1H} NMR (101 MHz, 

Chloroform-d) δ 145.2, 144.9, 142.4, 141.7, 129.0, 128.9, 128.3, 128.3, 127.6, 127.6, 

127.4, 127.2, 126.8, 126.62, 121.7, 121.3, 117.0, 116.6, 114.5, 114.1, 82.2, 80.9, 61.6, 

61.0, 50.3, 50.3, 27.11, 27.1, 23.5, 23.3, 17.5, 14.5. HPLC analysis: The enantiomeric 

excess was determined by HPLC on Daicel Chiralpak AD-3 Column 

(hexane/isopropanol = 96/4, flow rate = 0.5 mL/min, T = 25 ℃, UV detection at λ = 

254 nm), tR1 = 8.763 min, tR2 = 10.387 min. HRMS (ESI): calculated for C18H22NO 

[M+H]+ 268.1696, found 268.1696 or 268.1705. 
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4. Synthetic Applications 

4.1 Gram-scale reaction of 1 

 

Under nitrogen atmosphere, substrate 1 (1.00 g, 4 mmol, 1.0 equiv.) and cat.5 (23.1 

mg, 0.04 mmol, 1 mol%) were added to a 100 mL round-bottom flask. TFE (8 mL) and 

H₂O (8 mL) were sequentially introduced via syringe, followed by the dropwise 

addition of HCOOH (1.5 mL, 40 mmol, 10.0 equiv.). The reaction was stirred at room 

temperature for 24 hours. Upon reaction completion, the mixture was diluted with ethyl 

acetate (40 mL) and water (40 mL). The organic phases were washed with saturated 

aqueous NaHCO3 solution (30 mL) and then saturated NaCl solution (80 mL). The 

organic phase was dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The crude mixture was purified by silica-gel column chromatography 

(PE/EA = 10/1) to give the desired compound (R,R)-2a as a white solid in 46% yield 

with 97% ee, and (S,R)-2a as a colorless liquid in 43% yield with 95% ee.  

4.2 Synthesis of optically pure enantiomer of 1 

 

Under nitrogen atmosphere, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 

238.9 mg, 1.1 mmol, 2.1 equiv.) was added to a solution of (R,R)-2a (125.9, 0.5 mmol, 

1.0 equiv.) in 4 mL toluene. And then the reaction mixture was stirred overnight at 

100 ℃. After the reaction was cooled to room temperature, the reaction was quenched 

by slow addition of water. The mixture was diluted and extracted with ethyl acetate (10 

mL).  Then the combined organic extracts were washed with saturated NaCl solution 

(20 mL), dried over anhydrous Na2SO4, filtered and concentrated under reduced 
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pressure. The crude mixture was purified by silica-gel column chromatography (PE/EA 

= 20/1) to give the desired compound (R)-1a as a white solid in 98% yield with 98% 

ee. 

 

(R)-1-phenyl-1-(quinolin-2-yl)ethan-1-ol (R)-1a 

White solid, 0.5 mmol scale, 121.3 mg, 98% yield, 98% ee, [α]D 
25 = -173.1 (c 0.5, 

CHCl3). TLC: PE/EA=10/1, Rf = 0.2; HPLC analysis: The enantiomeric excess was 

determined by HPLC on Daicel Chiralpak AD-H Column (hexane/isopropanol = 96/4, 

flow rate = 1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 19.006 min 

(major), tR2 = 22.065 min (minor).  

 

(S)-1-phenyl-1-(quinolin-2-yl)ethan-1-ol (S)-1a 

From (S,R)-2a (95% ee). White solid, 0.2 mmol scale, 48.3 mg, 97% yield, 95% ee, [α]

D 
25 = +286.2 (c 0.5, CHCl3); HPLC analysis: The enantiomeric excess was determined 

by HPLC on Daicel Chiralpak AD-H Column (hexane/isopropanol = 96/4, flow rate = 

1.0 mL/min, T = 25 ℃, UV detection at λ = 254 nm), tR1 = 19.134 min (minor), tR2 = 

22.153 min (major).  

4.3 Synthesis of medium-sized ring compound 3  

 

According to the reported literature:[3] A Schlenk tube was charged with (R,R)-2a 
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(50.6 mg, 0.2 mmol, 1.0 equiv.), 1, 6-diiodihexane (135.2 mg, 0.4 mmol, 2.0 equiv.) 

and potassium carbonate (K2CO3, 30.4 mg, 0.22 mmol, 1.1 equiv.) and CH3CN (4 mL). 

The mixture was allowed to reflux at 90 °C in an oil bath for 36 h. After the stirring 

stopped, the reaction mixtures were quenched with saturated ammonium chloride and 

extracted with ethyl acetate. The combined organic layers were dried over anhydrous 

Na2SO4, filtered and concentrated in vacuum. The crude residue was purified by 

column chromatography on silica gel (PE/EA = 10/1), affording the target compound 3 

as yellow oil in 48% yield (321.8 mg) with 96% ee. 

 

 

(8R,8aR)-8-methyl-8-phenyl-1,2,3,4,5,6,8,8a,9,10-decahydro-[1,4]oxazecino[4,3-a] 

quinoline (3) 

Yellow oil, 0.2 mmol scale, 321.8 mg, 48% yield, 96% ee, [α]D 
25 = -8.9 (c 0.1, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.42 (d, J = 7.6 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 

7.28 – 7.24 (m, 1H), 7.07 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 8.0 

Hz, 1H), 7.07 (t, J = 7.2 Hz, 1H), 3.62 (dd, J = 5.6, 3.2 Hz, 1H), 3.23 – 3.15(m, 1H), 

3.11 (t, J = 7.2 Hz, 2H), 3.06 – 3.01 (m, 1H), 2.65 – 2.60 (m, 2H), 2.32 – 2.20 (m, 2H), 

1.74 – 1.67 (m, 2H), 1.51 (s, 3H), 1.32 – 1.30 (m, 2H), 1.22 – 1.19 (m, 2H), 1.07 – 1.00 

(m, 2H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 149.0, 144.6, 129.4, 128.2, 126.89, 

126.7, 125.0, 124.2, 116.6, 113.6, 77.8, 66.2, 52.6, 33.4, 30.1, 25.8, 25.4, 25.4, 24.8, 

23.0, 7.0. HPLC analysis: The enantiomeric excess was determined by HPLC on 

Daicel Chiralpak OD-3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 

T = 25 ℃, UV detection at λ = 254 nm), tR1 = 7.151 min (major), tR2 = 9.813 min (minor). 

HRMS (ESI): calculated for C17H19BrNO [M+H]+ 336.2322, found 336.2321. 

4.4 Synthesis of tricyclic compound 4 



S50 

 

Under nitrogen atmosphere (S,R)-2a (50.6 mg, 0.2 mmol, 1.0 equiv.) and 

triethylamine (67.5 µL, 0.8 mmol, 4 equiv.) were dissolved in 1 mL dry CH2Cl2. A 

solution of triphosgene (118.7 mg, 0.4 mmol, 2.0 equiv.) in 0.5 mL dry CH2Cl2 was 

added dropwise at 0 ℃ (ice bath) over a period of 15 min. Afterwards the ice bath was 

removed and the reaction mixture was allowed to warm up to room temperature and 

stirred for 3 h. The filtrate was washed with 10 mL H2O and the aqueous layer was 

extracted with CH2Cl2 (3x5 mL). The combined organic layers were dried over Na2SO3, 

filtered and concentrated. The residue was purified by column chromatography 

(PE/EA= 5/1) to give the product 4 as a white solid with 96% yield (53.6 mg) and 95% 

ee. 

 

(3S,3aR)-3-methyl-3-phenyl-3,3a,4,5-tetrahydro-1H-oxazolo[3,4-a]quinolin-1-one 

(4) 

White solid, 0.2 mmol scale, 53.6 mg, 96% yield, 95% ee, [α]D 
25 = +308.5 (c 0.5, CHCl3); 

TLC: PE/EA=5/1, Rf = 0.21; 1H NMR (400 MHz, Chloroform-d) δ 8.28 (d, J = 8.4 Hz, 

1H), 7.45 – 7.30 (m, 5H), 7.00 (t, J = 8.0 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 7.00 (t, J = 

7.2 Hz, 1H), 4.01 (dd, J =12.4, 2.8 Hz, 1H), 2.90 – 2.72 (m, 2H), 1.94 (s, 3H), 1.72 – 

1.66 (m, 1H), 1.07 – 0.97 (m, 1H). 13C {1H} NMR (101 MHz, Chloroform-d) δ 154.2, 

139.5, 135.3, 129.0, 128.5, 128.1, 127.1, 125.3, 124.7, 123.5, 118.8, 82.4, 65.0, 27.3, 

27.1, 24.4. HPLC analysis: The enantiomeric excess was determined by HPLC on 

Daicel Chiralpak AD-3 Column (hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 
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T = 25 ℃, UV detection at λ = 254 nm), tR1 = 13.011 min (major), tR2 = 16.972 min 

(minor). HRMS (ESI): calculated for C17H18NO [M+H]+ 280.1332, found 280.1331. 
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6. NMR Spectra 
1H NMR (400 MHz, CDCl3) spectrum of 1a 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1a 
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1H NMR (400 MHz, CDCl3) spectrum of 1b  

 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1b 
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1H NMR (400 MHz, CDCl3) spectrum of 1c 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1c 
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1H NMR (400 MHz, CDCl3) spectrum of 1d 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1d 
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1H NMR (400 MHz, CDCl3) spectrum of 1e 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1e 
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1H NMR (400 MHz, CDCl3) spectrum of 1f 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1f 
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19F {1H} NMR (376 MHz, CDCl3) spectrum of 1f 

 

1H NMR (400 MHz, CDCl3) spectrum of 1g  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1g  

 

1H NMR (400 MHz, CDCl3) spectrum of 1h  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1h  

 

1H NMR (400 MHz, CDCl3) spectrum of 1i 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1i

 

1H NMR (400 MHz, CDCl3) spectrum of 1j  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1j  

 

1H NMR (400 MHz, CDCl3) spectrum of 1k 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1k 

 

1H NMR (400 MHz, CDCl3) spectrum of 1l 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1l 
 

 

1H NMR (400 MHz, CDCl3) spectrum of 1m 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1m 

 
1H NMR (400 MHz, CDCl3) spectrum of 1n  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1n  

 
 

19F {1H} NMR (376 MHz, CDCl3) spectrum of 1n 
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1H NMR (400 MHz, CDCl3) spectrum of 1o 

 

 

13C {1H} NMR (101 MHz, CDCl3) spectrum of 1o  
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19F {1H} NMR (376 MHz, CDCl3) spectrum of 1o 

 

1H NMR (400 MHz, CDCl3) spectrum of 1p  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1p  

 

1H NMR (400 MHz, CDCl3) spectrum of 1q 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1q  

 

1H NMR (400 MHz, CDCl3) spectrum of 1r 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1r  

 

1H NMR (400 MHz, CDCl3) spectrum of 1s  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1s  

 

1H NMR (400 MHz, CDCl3) spectrum of 1t  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1t 

 

 

1H NMR (400 MHz, CDCl3) spectrum of 1u 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of 1u  

 

1H NMR (400 MHz, CDCl3) spectrum of (R,R)-2a 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of (R,R)-2a 

 

1H NMR (400 MHz, CDCl3) spectrum of (S,R)-2a 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of (S,R)-2a 

 

 

1H NMR (400 MHz, CDCl3) spectrum of (R,R)-2b 
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13C {1H} NMR (101 MHz, CDCl3) spectrum of (R,R)-2b 

  

1H NMR (400 MHz, CDCl3) spectrum of (S,R)-2b  
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13C {1H} NMR (101 MHz, CDCl3) spectrum of (S,R)-2b 

  

1H NMR (400 MHz, CDCl3) spectrum of (R,R)-2c
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13C {1H} NMR (101 MHz, CDCl3) spectrum of (R,R)-2c 

 

1H NMR (400 MHz, CDCl3) spectrum of (S,R)-2c 

 




