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1. Experimental Section  

General Information: All the air or moisture sensitive reactions and manipulations 

were performed by using standard Schlenk techniques and in a nitrogen-filled glovebox. 

1H NMR and 13C NMR spectra were recorded on JEOL JNM-ECX600P and JNM-

ECS600 (400 MHz or 600 MHz) spectrometers. (CDC13 was the solvent used for the 

NMR analysis, with TMS as the internal standard). Optical rotation was determined 

using Autopol III Automatic polarimeter (Rudolph research Analyical). HPLC analysis 

was conducted on Agilent 1260 series instrument. SFC analysis was conducted on 

Agilent 1260 series instrument. GC analysis was conducted on Agilent 7890 series 

instrument. HRMS were recorded on a Waters LCT Premier XE mass spectrometer with 

TOF. 

2. General procedure for the synthesis of substrates.1 

 

NaH (45 mmol, 1.5 eq, 70% in mineral oil) was placed in an oven-dried 250 mL three-

neck round bottom flask. Then THF (50 mL) was added dropwise with stirring under 

nitrogen, and the mixture was cooled to 0 °C. Triethyl phosphonoacetate (45 mmol, 1.5 

eq) was added dropwise to the suspension at 0 °C, followed by stirring for 1 h at room 

temperature. Ketone (30 mmol, 1.0 eq) in THF (50 mL) was added dropwise. After that，

the solution was stirred at room temperature until no starting material was detected by 

TLC. The reaction was quenched by the dropwise addition of a saturated saturated 

aqueous NH4Cl solution (50 mL) and the product extracted with EtOAc, dried over 

Na2SO4, filtered and concentrated in vacuo. The crude residue was purified by flash 

chromatography (EtOAc: Petroleum ether = 1:50 to 1:20) to give the (E)-ester or (Z)-

ester as a colourless oil (yield: 18-82%). 
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NaOH aq (10%, 20 mL) was added to a solution of the corresponding (E)-ester or (Z)-

ester (5.0 mmol, 1.0 eq) in EtOH (20 mL) at room temperature. The reaction was stirred  

at room temperature until no starting material was detected by TLC, after which the 

volatiles were removed in vacuo and the residue slowly acidified with 2 M HCl aq. The 

product was extracted with ethyl acetate, dried over Na2SO4 and concentrated in vacuo. 

The crude product was recrystallised from boiling ethyl acetate and hexane to give 1 as 

white needles. 

3. NMR and HRMS data of substrates 

(E)-3-(2-fluorophenyl)but-2-enoic acid (1a) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.87 g, yield: 97%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.37-7.27 (m, 2H), 7.17-7.11 (m, 1H), 7.12-7.06 

(m, 1H), 6.07-6.04 (m, 1H), 2.62-2.43 (m, 3H). MP: 91-93 °C. The analytical data are 

consistent with the literature.1 

(Z)-3-(2-fluorophenyl)but-2-enoic acid (1b) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.85 g, yield: 95%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.31-7.21 (m, 1H), 7.15-7.08 (m, 2H), 7.06-6.96 

(m, 1H), 6.01-5.96 (m, 1H), 2.18 (s, 3H). 13C NMR (150 MHz, Chloroform-d) δ 170.5, 

158.4 (d, J = 246.3 Hz), 152.1, 129.6 (d, J = 8.4 Hz), 128.7 (d, J = 3.6 Hz), 128.1 (d, J 

= 16.2 Hz), 123.8 (d, J = 3.0 Hz), 119.5, 115.5 (d, J = 22.1 Hz), 26.7. MP: 124-126 °C. 

The analytical data are consistent with the literature.2 

(Z)-3-(2-chlorophenyl)but-2-enoic acid (1c) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.95 g, yield: 97%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.38-7.33 (m, 1H), 7.24-7.19 (m, 2H), 7.05-7.02 (m, 

1H), 5.97 (q, J = 1.3 Hz, 1H), 2.16 (d, J = 1.5 Hz, 3H). 13C NMR (100 MHz, 

Chloroform-d) δ 170.3, 156.2, 139.9, 130.5, 129.4, 128.7, 127.8, 126.7, 119.2, 26.5. 

MP: 96-98 °C. The analytical data are consistent with the literature.3 
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(Z)-3-(3-nitrophenyl)but-2-enoic acid (1d) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.98 g, yield: 95%; 1H NMR (600 

MHz, Chloroform-d) δ 8.179-8.14 (m, 1H), 8.04-8.03 (m, 1H), 

7.51-7.48 (m, 2H), 5.97 (d, J = 1.4 Hz, 1H), 2.21 (d, J = 1.4 Hz, 3H). 13C NMR (150 

MHz, Chloroform-d) δ 169.9, 155.9, 148.0, 141.9, 133.2, 129.1, 122.9, 122.0, 118.6, 

27.4. MP: 106-108 °C. APCI-HRMS calcd for C10H10NO4
+ [M+H+] 208.0304, found 

208.0308. 

(Z)-3-(3-fluorophenyl)but-2-enoic acid (1e) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.85 g, yield: 95%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.31-7.26 (m, 1H), 7.02-6.97 (m, 1H), 6.97-

6.94 (m, 1H), 6.91-6.87 (m, 1H), 5.90 (q, J = 1.4 Hz, 1H), 2.17 (d, J = 1.5 Hz, 3H). 13C 

NMR (150 MHz, Chloroform-d) δ 170.8, 162.5 (d, J = 245.9 Hz), 156.9, 142.5 (d, J = 

8.2 Hz), 129.7 (d, J = 8.1 Hz), 122.7, 117.7, 114.9 (d, J = 21.3 Hz), 114.1 (d, J = 22.6 

Hz), 27.5. MP: 98-100 °C. The analytical data are consistent with the literature.2 

(Z)-3-(3-bromophenyl)but-2-enoic acid (1f) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 1.1 g, yield: 94%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.45-7.41 (m, 1H), 7.32 (t, J = 1.8 Hz, 1H), 

7.20 (t, J = 7.8 Hz, 1H), 7.14-7.08 (m, 1H), 5.91-5.87 (m, 1H), 2.16 (d, J = 1.4 Hz, 3H). 

13C NMR (150 MHz, Chloroform-d) δ 170.8, 156.7, 142.4, 131.0, 129.8, 129.7, 125.7, 

122.1, 117.8, 27.6. MP: 112-114 °C. The analytical data are consistent with the 

literature.4  

(Z)-3-(4-nitrophenyl)but-2-enoic acid (1g) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.99 g, yield: 96%; 1H NMR (400 

MHz, Chloroform-d) δ 8.22-8.15 (m, 2H), 7.36 -7.30 (m, 2H), 

5.98 (d, J = 1.4 Hz, 1H), 2.20 (d, J = 1.7 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) 

δ 169.4, 156.3, 147.5, 147.4, 127.8, 123.5, 118.4, 27.3. MP: 156-157 °C. APCI-HRMS 
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calcd for C10H10NO4
+ [M+H+] 208.0304, found 208.0308. 

(Z)-3-(4-fluorophenyl)but-2-enoic acid (1h)  

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.83 g, yield: 93%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.21-7.14 (m, 2H), 7.04-6.96 (m, 2H), 5.92-5.87 

(m, 1H), 2.17 (d, J = 1.2 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) δ 171.0, 162.6 

(d, J = 246.8 Hz), 157.4, 136.0 (d, J = 3.2 Hz), 128.9 (d, J = 8.2 Hz), 117.2, 115.1 (d, J 

= 21.5 Hz), 27.7. MP: 99-101 °C. The analytical data are consistent with the literature.2 

(Z)-3-(4-chlorophenyl)but-2-enoic acid (1i) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.93 g, yield: 95%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.32-7.28 (m, 2H), 7.16-7.10 (m, 2H), 5.90 (q, 

J = 1.4 Hz, 1H), 2.17 (d, J = 1.4 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 171.1, 

157.2, 138.6, 134.1, 128.4, 128.3, 117.5, 27.5. MP: 111-113 °C. The analytical data are 

consistent with the literature.5 

(Z)-3-(o-tolyl)but-2-enoic acid (1j) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.83g, yield: 95%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.19-7.15 (m, 3H), 6.97-6.91 (m, 1H), 5.96-5.93 (m, 

1H), 2.19 (s, 3H), 2.11 (d, J = 1.4 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 169.6, 

158.9, 140.6, 133.4, 129.9, 127.4, 125.8, 125.7, 118.1, 27.6, 19.1. MP: 134-136 °C. The 

analytical data are consistent with the literature.6 

(Z)-3-(m-tolyl)but-2-enoic acid (1k) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.81 g, yield: 93%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.22 (t, J = 7.7 Hz, 1H), 7.12 (d, 1H), 7.00 (d, J 

= 7.8 Hz, 2H), 5.89-5.85 (m, 1H), 2.34 (s, 3H), 2.18 (d, J = 1.3 Hz, 3H). 13C NMR (150 

MHz, Chloroform-d) δ 170.7, 158.3, 140.2, 137.7, 128.9, 127.9, 127.5, 124.1, 116.8, 

27.7, 21.5. MP: 90-92 °C. The analytical data are consistent with the literature.6 
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(Z)-3-(p-tolyl)but-2-enoic acid (1l) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.83 g, yield: 95%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.17-7.08 (m, 4H), 5.91-5.81 (m, 1H), 2.35 (s, 

3H), 2.18 (d, J = 1.2 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) δ 170.6, 158.2, 

138.1, 137.2, 128.8, 127.0, 116.6, 27.6, 21.4. MP: 108-110 °C. The analytical data are 

consistent with the literature.6 

(Z)-3-(naphthalen-2-yl)but-2-enoic acid (1m) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.98 g, yield: 93%; 1H NMR (600 

MHz, Chloroform-d) δ 7.83-7.75 (m, 3H), 7.67-7.64 (m, 1H), 

7.49-7.44 (m, 2H), 7.31 (dd, J = 8.4, 1.7 Hz, 1H), 5.97 (d, J = 1.4 Hz, 1H), 2.27 (d, J = 

1.4 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) δ 170.1, 158.2, 137.8, 133.0, 133.0, 

128.3, 127.8, 127.6, 126.3, 126.2, 125.8, 125.5, 117.2, 27.8. MP: 129-131 °C. The 

analytical data are consistent with the literature.6  

(Z)-3-phenylbut-2-enoic acid (1n) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.77 g, yield: 96%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.35-7.29 (m, 3H), 7.22-7.16 (m, 2H), 5.88 (q, J = 

1.3 Hz, 1H), 2.19 (d, J = 1.4 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 171.1, 

158.3, 140.3, 128.1, 128.1, 126.9, 117.0, 27.7. MP: 120-122 °C. MP: 128-130 °C. The 

analytical data are consistent with the literature.7 

(Z)-3-phenylpent-2-enoic acid (1o) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.82 g, yield: 95%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.34-7.27 (m, 3H), 7.15-7.10 (m, 2H), 5.83 (t, J = 

1.3 Hz, 1H), 2.49-2.40 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, 

Chloroform-d) δ 171.5, 163.8, 139.9, 128.0, 127.9, 127.1, 115.6, 33.9, 12.2. MP: 90-

92 °C. The analytical data are consistent with the literature.7 
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(Z)-4-methyl-3-phenylpent-2-enoic acid (1p) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.93 g, yield: 93%; 1H NMR (400 MHz, 

Chloroform-d) δ 7.35-7.27 (m, 3H), 7.10-7.05 (m, 2H), 5.82 (d, J = 

0.9 Hz, 1H), 2.72-2.59 (m, 1H), 1.06 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, 

Chloroform-d) δ 167.9, 139.7, 127.8, 127.6, 127.2, 115.0, 37.7, 21.2. MP: 88-90 °C. 

The analytical data are consistent with the literature.6 

(Z)-3-cyclohexyl-3-phenylacrylic acid (1q) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 1.1 g, yield: 96%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.34-7.27 (m, 3H), 7.10-7.02 (m, 2H), 5.81-5.75 

(m, 1H), 2.28-2.21 (m, 1H), 1.80-1.73 (m, 4H), 1.69-1.63 (m, 1H), 1.28-1.20 (m, 2H), 

1.18-1.10 (m, 3H). 13C NMR (100 MHz, Chloroform-d) δ 171.8, 167.1, 140.1, 127.8, 

127.5, 127.2, 115.3, 47.8, 31.7, 26.5, 26.1. MP: 140-142 °C. The analytical data are 

consistent with the literature.8 

(E)-3-phenylpent-2-enoic acid (1r) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.89 g, yield: 94%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.48-7.45 (m, 2H), 7.41-7.38 (m, 3H), 6.05 (s, 

1H), 3.13 (q, J = 7.5 Hz, 2H), 1.09 (t, J = 7.5 Hz, 3H). MP: 95-97 °C. The analytical 

data are consistent with the literature.1 

(E)-4-methyl-3-phenylpent-2-enoic acid (1s) 

Purification by recrystallization (PE : EA = 5 : 1) afforded the 

product as a white solid; 0.81 g, yield: 93%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.36-7.32 (m, 3H), 7.23-7.20 (m, 2H), 5.75 (s, 

1H), 4.19-4.12 (m, 1H), 1.10 (dd, J = 7.0, 1.2 Hz, 6H). MP: 97-97 °C. The analytical 

data are consistent with the literature.1 
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(Z)-3-phenyl-3-(o-tolyl)acrylic acid (1t) 

Purification by recrystallization (PE : EA = 3 : 1) afforded the 

product as a white solid; 1.0 g, yield: 91%; 1H NMR (600 MHz, 

Chloroform-d) δ 7.38-7.27 (m, 6H), 7.22 (d, J = 7.4 Hz, 2H), 7.06 

(d, J = 7.4 Hz, 1H), 6.49 (s, 1H), 2.06 (s, 3H). 13C NMR (150 MHz, Chloroform-d) δ 

170.6, 158.4, 139.3, 138.1, 135.4, 130.1, 129.9, 128.7, 128.5, 128.1, 127.7, 125.6, 116.9, 

19.7. MP: 110-112 °C. APCI-HRMS calcd for C16H15O2
+ [M+H+] 239.1067, found 

239.1070.  

3-phenyl-3-(o-tolyl)acrylic acid (1u) 

Purification by recrystallization (PE : EA = 3 : 1) afforded the 

product as a white solid (E:Z =8:1); 1.1 g, yield: 93%; 1H NMR (400 

MHz, Chloroform-d; E isomer) δ 7.35-7.24 (m, 6H), 7.21-7.17 (m, 

2H), 7.15 (d, J = 7.3 Hz, 1H), 6.00 (s, 1H), 2.05 (s, 3H). 13C NMR (100 MHz, 

Chloroform-d; E isomer) δ 171.4, 159.6, 141.9, 138.3, 136.1, 130.8, 129.6, 129.4, 128.9, 

128.8, 127.9, 125.83, 119.0, 20.4. MP: 132-134 °C. APCI-HRMS calcd for C16H15O2
+ 

[M+H+] 239.1067, found 239.1070.  

ethyl (Z)-3-(2-fluorophenyl)but-2-enoate (1v) 

Purification by column chromatography (PE : EA = 50:1 to 20:1) 

afforded the product as a colourless oil; 2.1 g, yield: 34%; 1H NMR 

(400 MHz, Chloroform-d) δ 7.34-7.23 (m, 1H), 7.14-7.10 (m, 2H), 

7.08-7.02 (m, 1H), 6.01 (q, J = 1.2 Hz, 1H), 4.00 (q, J = 7.1 Hz, 2H), 2.17 (d, J = 1.4 

Hz, 3H), 1.08 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 165.4, 158.6 

(d, J = 245.8 Hz), 149.3, 129.4 (d, J = 8.1 Hz), 128.8 (d, J = 3.3 Hz), 128.7 (d, J = 16.6 

Hz), 123.8 (d, J = 2.7 Hz), 120.2, 115.4 (d, J = 22.3 Hz), 59.9, 26.4, 14.0. The analytical 

data are consistent with the literature.
9

 

4. General procedure for asymmetric hydrogenation of 1. 

A stock solution was made by mixing Ni(OAc)2·H2O with (S,S)-Ph-BPE in a 1:1.1 

molar ratio in solvent (CF3CH2OH) at room temperature for 12 hours in a nitrogen-

filled glovebox. An aliquot of the catalyst solution (1.0 mL, 0.00125 mmol) was 

transferred by syringe into the vials charged with different substrates (0.125 mmol for 
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each) and added additive HOAc. The vials were subsequently transferred into an 

autoclave which hydrogen gas was charged. The reaction was then stirred under H2 (80 

atm) at r.t. for 12-24 h. The hydrogen gas was released slowly and carefully. The 

solution was passed through a short column of silica gel to remove the metal complex. 

The conversion of products were determined by GC or 1H NMR analysis. The crude 

products were concentrated and purified by flash column chromatography and the ee 

values were determined by HPLC, SFC analysis on a chiral stationary phase. 

5. NMR, GC or HPLC, optical rotation and HRMS Data of compound 2. 

(+)-3-(2-fluorophenyl)butanoic acid (2a) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 22.0 mg, yield: 

97%; 93% ee; [α]D
20 = +13.2 (c = 1.1, CH2Cl2); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 2.5 min (major), 2.8 min (minor); 1H NMR (400 MHz, 

Chloroform-d) δ 9.69 (s, 1H), 7.25-7.17 (m, 2H), 7.11-7.05 (m, 1H), 7.05-6.99 (m, 1H), 

3.75-3.46 (m, 1H), 2.84-2.51 (m, 2H), 1.34 (d, J = 7.0 Hz, 3H). The analytical data are 

consistent with the literature.1 

(-)-3-(2-fluorophenyl)butanoic acid (2b) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 22.3 mg, yield: 

98%; 99% ee; [α]D
20 = -22.9 (c = 1.1, CH2Cl2); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 2.8 min (minor), 3.2 min (major); 1H NMR (400 MHz, 

Chloroform-d) δ 9.69 (s, 1H), 7.25-7.17 (m, 2H), 7.11-7.05 (m, 1H), 7.05-6.99 (m, 1H), 

3.75-3.46 (m, 1H), 2.84-2.51 (m, 2H), 1.34 (d, J = 7.0 Hz, 3H). The analytical data are 

consistent with the literature.1 

(-)-3-(2-chlorophenyl)butanoic acid (2c) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 23.7 mg, yield: 

96%; 90% ee; [α]D
20 = -17.1 (c = 1.2, CH2Cl2); SFC conditions 
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(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 2.3 min (major), 2.6 min (minor); 1H NMR (600 MHz, 

Chloroform-d) δ 7.35 (d, J = 7.9 Hz, 1H), 7.25-7.21 (m, 2H), 7.16-7.11 (m, 1H), 3.86-

3.70 (m, 1H), 2.96-2.37 (m, 2H), 1.31 (d, J = 6.7 Hz, 3H). The analytical data are 

consistent with the literature.1 

(-)-3-(3-nitrophenyl)butanoic acid (2d) 

Purification by flash column chromatography (silica gel, 

PE : EA = 1 : 1) afforded the product as light yellow soild; 

25.1 mg, yield: 96%; 94% ee; [α]D
20 = -22.9 (c = 1.3, 

CH2Cl2); SFC conditions (Lux 5u Amylose-1, column temperature: 37.0 ℃, 

MeOH/CO2 = 5/95, flow rate = 3.0 mL/min, l = 210 nm) tR = 14.8 min (minor), 16.4 

min (major); 1H NMR (400 MHz, Chloroform-d) δ 8.14-8.04 (m, 2H), 7.61-7.53 (m, 

1H), 7.48 (t, J = 7.8 Hz, 1H), 3.40 (q, J = 7.2 Hz, 1H), 2.78-2.58 (m, 2H), 1.37 (d, J = 

7.0 Hz, 3H). MP: 163-165 °C. The analytical data are consistent with the literature.1 

(-)-3-(3-fluorophenyl)butanoic acid (2e) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow oil; 22.3 mg, 

yield: 98%; 98% ee; [α]D
20 = -27.0 (c = 1.1, CH2Cl2); The 

hydrogenated product was dissolved in CH2Cl2, and then aniline, EDC, and DMAP 

were added at 0 °C. The solution was stirred for 4 h. The residue was purified by 

chromatography; The ee values of the amides were determined by SFC analysis on a 

chiral stationary phase. SFC conditions (Lux 5u Cellulose-1, column temperature: 

37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 mL/min, l = 210 nm) tR = 5.0 min (major), 

5.5 min (minor); 1H NMR (600 MHz, Chloroform-d) δ 7.24 (d, J = 6.3 Hz, 1H), 6.99 

(d, J = 7.6 Hz, 1H), 6.92-6.88 (m, 2H), 3.30-3.21 (m, 1H), 2.66-2.51 (m, 2H), 1.30 (d, 

J = 6.9 Hz, 3H). The analytical data are consistent with the literature.1 

(-)-3-(3-bromophenyl)butanoic acid (2f) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow oil; 29.3 mg, 

yield: 97%; 96% ee; [α]D
20 = -25.1 (c = 1.5, CH2Cl2); The 
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hydrogenated product was dissolved in CH2Cl2, and then aniline, EDC, and DMAP 

were added at 0 °C. The solution was stirred for 4 h. The residue was purified by 

chromatography. The ee values of the amides were determined by SFC analysis on a 

chiral stationary phase; SFC conditions (Lux 5u Cellulose-3, column temperature: 

37.0 ℃, MeOH/CO2 = 15/85, flow rate = 3.0 mL/min, l = 210 nm) tR = 5.1 min (major), 

5.4 min (minor); 1H NMR (600 MHz, Chloroform-d) δ 7.40-7.31 (m, 2H), 7.21-7.11 (m, 

2H), 3.24 (s, 1H), 2.88-2.46 (m, 2H), 1.31 (d, J = 6.6 Hz, 3H). The analytical data are 

consistent with the literature.1 

(-)-3-(4-nitrophenyl)butanoic acid (2g) 

Purification by flash column chromatography (silica gel, 

PE : EA = 1 : 1) afforded the product as light yellow soild; 

25.6 mg, yield: 98%; 94% ee; [α]D
20 = -39.2 (c = 1.3, 

CH2Cl2); The hydrogenated product was dissolved in CH2Cl2, and then aniline, EDC, 

and DMAP were added at 0 °C. The solution was stirred for 4 h. The residue was 

purified by chromatography. The ee values of the amides were determined by SFC 

analysis on a chiral stationary phase; SFC conditions (Lux 5u Cellulose-3, column 

temperature: 37.0 ℃, MeOH/CO2 = 20/80, flow rate = 3.0 mL/min, l = 210 nm) tR = 

5.6 min (major), 6.1 min (minor); 1H NMR (600 MHz, Chloroform-d) δ 8.16 (d, J = 8.4 

Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 3.39 (q, J = 6.7 Hz, 1H), 2.78-2.55 (m, 2H), 1.35 (d, 

J = 6.8 Hz, 3H). MP: 123-125 °C. The analytical data are consistent with the literature.1 

(-)-3-(4-fluorophenyl)butanoic acid (2h) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow oil; 22.3 mg, 

yield: 98%; 93% ee; [α]D
20 = -33.5 (c = 1.1, CHCl2); SFC 

conditions (Lux 5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, 

flow rate = 3.0 mL/min, l = 210 nm) tR = 5.1 min (major), 5.7 min (minor); 1H NMR 

(400 MHz, Chloroform-d) δ 7.22-7.13 (m, 2H), 7.02-6.93 (m, 2H), 3.34-3.19 (m, 1H), 

2.67-2.51 (m, 2H), 1.30 (d, J = 7.0 Hz, 3H). The analytical data are consistent with the 

literature.10  
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(-)-3-(4-chlorophenyl)butanoic acid (2i) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow soild; 24.2 

mg, yield: 98%; 95% ee; [α]D
20 = -49.5 (c = 1.2, CH2Cl2); SFC 

conditions (Lux 5u Amylose-3, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow 

rate = 3.0 mL/min, l = 210 nm) tR = 4.0 min (minor), 4.2 min (major); 1H NMR (600 

MHz, Chloroform-d) δ 7.28-7.25 (m, 2H), 7.17-7.13 (m, 2H), 3.28-3.21 (m, 1H), 2.66-

2.54 (m, 2H), 1.30 (d, J = 7.0 Hz, 3H). MP: 63-65 °C. The analytical data are consistent 

with the literature.1 

(-)-3-(o-tolyl)butanoic acid (2j) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow soild; 22.8 mg, yield: 

98%; 97% ee; [α]D
20 = -17.3 (c = 1.1, CH2Cl2); SFC conditions 

(Lux 5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 4.6 min (major), 7.5 min (minor); 1H NMR (600 MHz, 

Chloroform-d) δ 7.18 (d, J = 3.4 Hz, 2H), 7.15 (d, J = 7.2 Hz, 1H), 7.13-7.09 (m, 1H), 

3.50-3.56 (m, J = 6.9 Hz, 1H), 2.72-2.53 (m, 2H), 2.37 (s, 3H), 1.28 (d, J = 6.9 Hz, 3H). 

MP: 40-42 °C. The analytical data are consistent with the literature.1 

(-)-3-(m-tolyl)butanoic acid (2k) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow oil; 22.8 mg, 

yield: 98%; 98% ee; [α]D
20 = -44.3 (c = 1.1, CHCl3); SFC 

conditions (Lux 5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow 

rate = 3.0 mL/min, l = 210 nm) tR = 6.2 min (minor), 6.9 min (major); 1H NMR (600 

MHz, Chloroform-d) δ 7.19 (t, J = 7.4 Hz, 1H), 7.03 (d, J = 8.0 Hz, 3H), 3.30-3.18 (m, 

1H), 2.74-2.49 (m, 2H), 2.34 (s, 3H), 1.31 (d, J = 6.8 Hz, 3H). The analytical data are 

consistent with the literature.10  
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(R)-3-(p-tolyl)butanoic acid (2l) 

Purification by flash column chromatography (silica gel, PE : 

EA = 1 : 1) afforded the product as light yellow soild; 21.4 mg, 

yield: 96%; 98% ee; [α]D
20 = -45.5 (c = 1.2, CHCl3); SFC 

conditions (Lux 5u Cellulose-4, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow 

rate = 3.0 mL/min, l = 210 nm) tR = 4.7 min (minor), = 5.0 min (major); 1H NMR (400 

MHz, Chloroform-d) δ 7.18-7.00 (m, 4H), 3.34-3.14 (m, 1H), 2.72-2.49 (m, 2H), 2.32 

(s, 3H), 1.30 (d, J = 7.0 Hz, 3H). MP: 97-99 °C. The absolute configuration of (R)-2l 

was determined by comparison with optical rotation data for the reported literature.11 

(-)-3-(naphthalen-2-yl)butanoic acid (2m) 

Purification by flash column chromatography (silica gel, 

PE : EA = 1 : 1) afforded the product as light yellow soild; 

25.6 mg, yield: 96%; 93% ee; [α]D
20 = -22.8 (c = 1.3, 

ethanol); SFC conditions (Lux 5u Amylose-1, column temperature: 37.0 ℃, 

MeOH/CO2 = 15/85, flow rate = 3.0 mL/min, l = 210 nm) tR = 3.7 min (minor), 4.4 min 

(major); 1H NMR (400 MHz, Chloroform-d) δ 7.80 (d, J = 8.2 Hz, 3H), 7.66 (s, 1H), 

7.49-7.41 (m, 2H), 7.37 (d, J = 8.5 Hz, 1H), 3.55-3.36 (m, 1H), 2.81-2.65 (m, 2H), 1.40 

(d, J = 6.9 Hz, 3H). MP: 109-111 °C. The analytical data are consistent with the 

literature.10  

(R)-3-phenylbutanoic acid (2n)  

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 20.0 mg, yield: 

98%; 98% ee; [α]D
20 = -37.3 (c = 1.0, CHCl3); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 3.6 min (minor), 4.0 min (major); 1H NMR (400 MHz, 

Chloroform-d) δ 7.36-7.26 (m, 2H), 7.25-7.15 (m, 3H), 3.27 (h, J = 7.0 Hz, 1H), 2.85-

2.43 (m, 2H), 1.32 (d, J = 6.9 Hz, 3H). The absolute configuration of (R)-2n was 

determined by comparison with optical rotation data for the reported literature.12 
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(R)-3-phenylpentanoic acid (2o) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 21.4 mg, yield: 

97%; 98% ee; [α]D
20 = -29.5 (c = 1.1, CH2Cl2); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 3.2 min (minor), 3.7 min (major); 1H NMR (600 MHz, 

Chloroform-d) δ 10.69 (s, 1H), 7.28 (t, J = 7.4 Hz, 2H), 7.19 (dd, J = 17.3, 7.4 Hz, 3H), 

3.03-2.92 (m, 1H), 2.72-2.50 (m, 2H), 1.82-1.68 (m, 1H), 1.66-1.53 (m, 1H), 0.79 (t, J 

= 7.2 Hz, 3H). The absolute configuration of (R)-2o was determined by comparison 

with optical rotation data for the reported literature.1  

(S)-4-methyl-3-phenylpentanoic acid (2p) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 23.5 mg, yield: 

98%; 99% ee; [α]D
20 = -32.3 (c = 1.2, CH2Cl2); SFC conditions 

(Lux 5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 

mL/min, l = 210 nm) tR = 2.1 min (major), 2.3 min (minor); 1H NMR (600 MHz, 

Chloroform-d) δ 7.27-7.21 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H), 7.12 (d, J = 7.3 Hz, 2H), 

2.89-2.83 (m, 1H), 2.81-2.74 (m, 1H), 2.67-2.55 (m, 1H), 1.91-1.79 (m, 1H), 0.92 (d, J 

= 6.5 Hz, 3H), 0.74 (d, J = 6.6 Hz, 3H). The absolute configuration of (S)-2p was 

determined by comparison with optical rotation data for the reported literature.1 

(S)-3-cyclohexyl-3-phenylpropanoic acid (2q) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow soild; 28.0 mg, yield: 

97%; 99% ee; [α]D
20 = -56.6 (c = 1.4, CH2Cl2); SFC conditions 

(Lux 5u Cellulose-4, column temperature: 37.0 ℃, MeOH/CO2 = 

10/90, flow rate = 3.0 mL/min, l = 210 nm) tR = 3.9 min (minor), 5.0 min (major); 1H 

NMR (600 MHz, Chloroform-d) δ 7.28-7.24 (m, 2H), 7.21-7.17 (m, 1H), 7.14-7.09 (m, 

2H), 2.90-2.85 (m, 1H), 2.84-2.78 (m, 1H), 2.61-2.54 (m, 1H), 1.82-1.71 (m, 2H), 1.65-

1.57 (m, 2H), 1.49-1.41 (m, 2H), 1.26-1.18 (m, 1H), 1.14-1.03 (m, 2H), 0.97-0.90 (m, 

1H), 0.83-0.75 (m, 1H). MP: 90-92 °C. The absolute configuration of (S)-2q was 
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determined by comparison with optical rotation data for the reported literature.1 

(S)-3-phenylpentanoic acid (2r) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 21.6 mg, yield: 

97%; 91% ee; [α]D
20 = +20.5 (c = 1.1, CH2Cl2); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 5/95, flow rate = 3.0 

mL/min, l = 210 nm) tR = 3.1 min (major), 3.5 min (minor); 1H NMR (600 MHz, 

Chloroform-d) δ 10.69 (s, 1H), 7.28 (t, J = 7.4 Hz, 2H), 7.19 (dd, J = 17.3, 7.4 Hz, 3H), 

3.03-2.92 (m, 1H), 2.72-2.50 (m, 2H), 1.82-1.68 (m, 1H), 1.66-1.53 (m, 1H), 0.79 (t, J 

= 7.2 Hz, 3H). The absolute configuration of (S)-2r was determined by comparison with 

optical rotation data for the reported literature.1  

(R)-3-phenylpentanoic acid (2s) 

Purification by flash column chromatography (silica gel, PE : EA 

= 1 : 1) afforded the product as light yellow oil; 23.0 mg, yield: 

96%; 90% ee; [α]D
20 = +21.3 (c = 1.0, CH2Cl2); SFC conditions 

(Lux 5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 

mL/min, l = 210 nm) tR =2 .9 min (minor), 3.2 min (major); 1H NMR (600 MHz, 

Chloroform-d) δ 7.27-7.21 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H), 7.12 (d, J = 7.3 Hz, 2H), 

2.89-2.83 (m, 1H), 2.81-2.74 (m, 1H), 2.67-2.55 (m, 1H), 1.91-1.79 (m, 1H), 0.92 (d, J 

= 6.5 Hz, 3H), 0.74 (d, J = 6.6 Hz, 3H). The absolute configuration of (R)-2s was 

determined by comparison with optical rotation data for the reported literature.1 

(-)-3-phenyl-3-(o-tolyl)propanoic acid (2t) 

Purification by flash column chromatography (silica gel, PE : EA = 

1 : 1) afforded the product as light yellow soild; 29.1 mg, yield: 97%; 

83% ee; [α]D
20 = -15.7 (c = 1.5, CH2Cl2); SFC conditions (Lux 5u 

Cellulose-4, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 mL/min, 

l = 210 nm) tR = 3.1 min (minor), 4.0 min (major); 1H NMR (600 MHz, Chloroform-d) 

δ 7.26 (d, J = 5.2 Hz, 6H), 7.22-7.15 (m, 4H), 7.16-7.11 (m, 2H), 4.72 (t, J = 7.9 Hz, 

1H), 3.12-3.01 (m, 2H), 2.28 (s, 3H). MP: 121-123 °C. The analytical data are 

consistent with the literature.13 
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(+)-3-phenyl-3-(o-tolyl)propanoic acid (2u) 

Purification by flash column chromatography (silica gel, PE : EA = 

1 : 1) afforded the product as light yellow soild; 29.3 mg, yield: 98%; 

79% ee; [α]D
20 = +14.3 (c = 1.5, CH2Cl2); SFC conditions (Lux 5u 

Cellulose-4, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 mL/min, 

l = 210 nm) tR = 3.4 min (major), 4.5 min (minor); 1H NMR (600 MHz, Chloroform-d) 

δ 7.26 (d, J = 5.2 Hz, 6H), 7.22-7.15 (m, 4H), 7.16-7.11 (m, 2H), 4.72 (t, J = 7.9 Hz, 

1H), 3.12-3.01 (m, 2H), 2.28 (s, 3H). MP: 121-123 °C. The analytical data are 

consistent with the literature.13  

(-)-ethyl 3-(2-fluorophenyl)butanoate (2v) 

Purification by flash column chromatography (silica gel, PE : 

EA = 20 : 1) afforded the product as light yellow oil; 25.2 mg, 

yield: 96%; 98% ee; [α]D
20 = -22.7 (c = 1.3, CH2Cl2); HPLC 

conditions (Lux 5u Cellulose-3, ipa/hex = 10/90, flow rate = 1.0 mL/min, l = 210 nm) 

tR = 4.3 min (major), 4.6 min (minor); 1H NMR (400 MHz, Chloroform-d) δ 7.25-7.13 

(m, 2H), 7.11-7.04 (m, 1H), 7.03-6.97 (m, 1H), 4.08 (q, J = 7.1 Hz, 2H), 3.63-3.48 (m, 

1H), 2.74-2.52 (m, 2H), 1.32 (d, J = 7.0 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H). The analytical 

data are consistent with the literature.14  

6. Procedure for the synthesis of compounds 3, 4 and 5. 

 

Under N2 atmosphere, LiAlH4 (57 mg, 1.5 mmol, 3.0 eq) was added into a solution of 

(R)-2n (82 mg, 0.5 mmol, 1.0 eq) in THF (10 mL) at 0 °C. After stirring at room 

temperature until no starting material was detected by TLC, the reaction was quenched 

by adding water slowly. The mixture was acidified with 2 M HCl aq, and was extracted 

with EtOAc (3 × 50 mL) and then dried over anhydrous Na2SO4. The solvent was 

evaporated under vacuum, and the residue was purified by column chromatography on 

silica gel using EtOAc/petroleum ether (1:10 to 1:5) as the eluent giving the (R)-3-

phenylbutan-1-ol (3) as a colorless oil (73 mg, yield: 98%).15 
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(R)-3-phenylbutan-1-ol (3) 

Purification by flash column chromatography (silica gel, PE : EA 

= 10:1 to 5:1) afforded the product as colorless oil; 73 mg, yield: 

98%; 98% ee; [α]D
20 = -32.3 (c = 1.5, CHCl3); SFC conditions 

(Lux 5u Amylose-1, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 

mL/min, l = 210 nm) tR = 6.5 min (major), 7.5 min (minor); 1H NMR (400 MHz, 

Chloroform-d) δ 7.34-7.28 (m, 2H), 7.23-7.15 (m, 3H), 3.66-3.46 (m, 2H), 2.97-2.81 

(m, 1H), 1.86 (q, J = 6.9 Hz, 2H), 1.28 (d, J = 7.0 Hz, 3H). The absolute configuration 

of (R)-3 was determined by comparison with optical rotation data for the reported 

literature.16  

 

(R)-2n (82 mg, 0.5 mmol, 1.0 eq) was dissolved in triflic acid (1 mL) and the solution 

was stirred for 12 h at 70 °C in an oil bath. After the reaction was complete, the solusion 

was poured over water (5 mL) and extracted with EtOAc (3 × 15 mL). The organic 

extracts were combined, washed with brine, and dried over anhydrous Na2SO4. The 

solvent was removed by vacuum evaporation, and crude product was purified by 

column chromatography on silica gel using EtOAc/petroleum ether (1:20) as eluent 

giving the (R)-4 as a colorless oil (64 mg, yield: 88%).15 

NaBH4 (37 mg, 1 mmol, 3.3 eq) was added to a solution of (R)-4 (44 mg, 0.3 mmol, 

1.0 eq) in methanol (5 mL) at 0 °C. The reaction mixture was stirred for another 30 min 

until no starting material was detected by TLC, after which the volatiles were removed 

in vacuo and the residue slowly acidified with 2 M HCl aq. The product was extracted 

with EtOAc (3 × 15 mL), dried over Na2SO4 and concentrated in vacuo. The crude 

product was purified by column chromatography on silica gel using EtOAc/petroleum 

ether (1:5) as eluent giving the 5 as a colorless soild (44 mg, yield: 97%).17  
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(R)-3-methyl-2,3-dihydro-1H-inden-1-one (4) 

Purification by flash column chromatography (silica gel, PE : EA = 20 : 

1) afforded the product as colorless oil; 64 mg, yield: 88%; 97% ee; 

[α]D
20 = -13.7 (c = 1.5, CHCl3); HPLC conditions (Lux 5u Cellulose-1, 

ipa/hex = 5/95, flow rate = 1.0 mL/min, l = 210 nm) tR = 9.8 min (minor), 10.3 min 

(major); 1H NMR (600 MHz, Chloroform-d) δ 7.73 (d, J = 7.6 Hz, 1H), 7.65-7.57 (m, 

1H), 7.53-7.49 (m, 1H), 7.40-7.34 (m, 1H), 3.49-3.42 (m, 1H), 2.96 (dd, J = 19.0, 7.5 

Hz, 1H), 2.30 (dd, J = 19.0, 3.5 Hz, 1H), 1.41 (d, J = 7.2 Hz, 3H). The absolute 

configuration of (R)-4 was determined by comparison with optical rotation data for the 

reported literature.18  

(1S,3R)-3-methyl-2,3-dihydro-1H-inden-1-ol (5) 

Purification by flash column chromatography (silica gel, PE : EA = 5 : 

1) afforded the product as colorless solid; 43.0 mg, yield: 97%; 94:6 dr, 

94% ee; [α]D
20 = +12.5 (c = 1.2, CH2Cl2); GC conditions: Supelco Alpha 

DexTM 120 column (30 m × 0.25 mm × 0.25 µm), N2 1.0 mL/min, programmed 75 oC 

- 0.1 oC/min - 200 oC (hold 50 min); tR = 28.1 min (major), 29.1 min (minor); 1H NMR 

(600 MHz, Chloroform-d; cis isomer) δ 7.41 (d, J = 7.3 Hz, 1H), 7.32-7.26 (m, 2H), 

7.23 (d, J = 7.1 Hz, 1H), 5.19 (t, J = 7.3 Hz, 1H), 3.03-3.08 (m, 1H), 2.79-2.75 (m, 1H), 

1.78 (s, 1H), 1.49-1.45 (m, 1H), 1.37 (d, J = 6.9 Hz, 3H). M.P. = 74-76 ℃. The absolute 

configuration of (1S,3R)-5 was determined by comparison with optical rotation data for 

the reported literature.17  

7. General procedure for the synthesis of 8 .  
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(R)-2o (267 mg, 1.5 mmol, 1.0 eq) was dissolved in triflic acid (3 mL) and the solution 

was stirred for 12 h at 70 °C in an oil bath. After the reaction was complete, the solusion 

was poured over water (15 mL) and extracted with EtOAc (3 × 20 mL). The organic 

extracts were combined, washed with brine, and dried over anhydrous Na2SO4. The 

solvent was removed by vacuum evaporation, and crude product was purified by 

column chromatography on silica gel using EtOAc/petroleum ether (1:20) as eluent 

giving the (R)-6 as a colorless oil (220 mg, yield: 92%).19 

To a solution of (R)-6 (160 mg, 1.0 mmol, 1.0 eq) in methanol (5.0 mL) was added 

hydroxylamine hydrochloride (103 mg, 1.5 mmol, 1.5 eq) and aq. KOH (50%, 0.34 mL, 

3.0 mmol, 3.0 eq). The mixture was refluxed in an oil bath for 3 h when TLC indicated 

complete conversion. After cooling to room temperature, the residue slowly neutralized 

with 2 M HCl aq. The product was extracted with EtOAc (3 × 15 mL), dried over Na2SO4 

and concentrated in vacuo. The crude product was purified by column chromatography 

on silica gel using EtOAc/petroleum ether (1:5) as eluent giving the (R)-7 as a pale 

yellow solid (157 mg, yield: 90%).19 

To a stirred solution of (R)-7 (87 mg, 0.5 mmol, 1.0 eq) in anhydrous CH2Cl2 (56.0 mL) 

was added DIBAL-H (3.0 mL, 3.0 mmol, 6.0 eq, 1.0 M in n-hexane) at 0 °C under an 

argon atmosphere. The solution was stirred for 2 h at room temperature. NaF powder 

(0.6 g, 15 mmol, 30.0 eq) and water (0.5 mL) were added at 0 °C, and the resulting 

mixture was stirred for 30 min. The desired solution was then filtered through a pad of 

celite, followed by addition of Na2SO4 to remove water. The organic solutions were 

evaporated to give the crude product. Purification by column chromatography on a 

silica gel (EtOAc: petroleum ether = 1:3) yielded (R)-8 (70 mg, yield: 87%).20 

(R)-3-ethyl-2,3-dihydro-1H-inden-1-one (6)  

Purification by flash column chromatography (silica gel, PE : EA = 20 : 

1) afforded the product as colorless oil; 220.0 mg, yield: 92%; 98% ee; 

[α]D
20 = -20.2 (c = 1.4, ethanol); HPLC conditions (Lux 5u Cellulose-1, 

ipa/hex = 5/95, flow rate = 1.0 mL/min, l = 210 nm) tR = 6.1 min (minor), 6.3 min 

(major); 1H NMR (400 MHz, Chloroform-d) δ 7.74 (d, J = 7.7 Hz, 1H), 7.63-7.57 (m, 

1H), 7.51 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 3.37-3.29 (m, 1H), 2.85 (dd, J = 
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19.1, 7.5 Hz, 1H), 2.37 (dd, J = 19.1, 3.3 Hz, 1H), 2.03-1.92 (m, 1H), 1.60-1.51 (m, 

1H), 0.98 (t, J = 7.4 Hz, 3H). The absolute configuration of (R)-6 was determined by 

comparison with optical rotation data for the reported literature.19 

(R)-3-ethyl-2,3-dihydro-1H-inden-1-one oxime (7) 

Purification by flash column chromatography (silica gel, PE : EA = 

5 : 1) afforded the product as pale yellow solid; 157.0 mg, yield: 

90%; 92% ee; [α]D
20 = +17.1 (c = 1.3, ethanol); SFC conditions (Lux 

5u Cellulose-1, column temperature: 37.0 ℃, MeOH/CO2 = 10/90, 

flow rate = 3.0 mL/min, l = 210 nm) tR = 3.5 min (minor), 4.0 min (major); 1H NMR 

(400 MHz, Chloroform-d) 1H NMR (600 MHz, Chloroform-d) δ 7.67 (d, J = 7.7 Hz, 

1H), 7.40-7.36 (m, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.29-7.26 (m, 1H), 3.28-3.22 (m, 1H), 

3.19-3.13 (m, 1H), 2.67-2.61 (m, 1H), 1.94-1.87 (m, 1H), 1.54-1.47 (m, 1H), 0.99 (t, J 

= 7.4 Hz, 3H). M.P. = 81-83 ℃. The absolute configuration of (R)-7 was determined by 

comparison with optical rotation data for the reported literature.19 

(R)-4-ethyl-1,2,3,4-tetrahydroquinoline (8) 

Purification by flash column chromatography (silica gel, PE : EA = 3 : 

1) afforded the product as colorless oil; 70.0 mg, yield: 87%; 90% ee; 

[α]D
20 = +28.3 (c = 1.5, ethanol); SFC conditions (Lux 5u Cellulose-3, 

column temperature: 37.0 ℃, MeOH/CO2 = 10/90, flow rate = 3.0 

mL/min, l = 210 nm) tR = 4.5 min (major), 5.1 min (minor); 1H NMR (600 MHz, 

Chloroform-d) δ 7.03 (d, J = 7.5 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.63 (t, J = 7.4 Hz, 

1H), 6.48 (d, J = 7.9 Hz, 1H), 3.86 (s, 1H), 3.35-3.30 (m, 1H), 3.28-3.24 (m, 1H), 2.68-

2.63 (m, 1H), 1.96-1.90 (m, 1H), 1.85-1.81 (m, 1H), 1.78-1.73 (m, 1H), 1.58-1.52 (m, 

1H), 1.00 (t, J = 7.4 Hz, 3H). The absolute configuration of (R)-8 was determined by 

comparison with optical rotation data for the reported literature.19 

8. Deuterium labelling studies. 
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A stock solution was made by mixing Ni(OAc)2·H2O with (S, S)-Ph-BPE in a 5 : 5.1 

molar ratio in deuterated methanol (1.0 mL) at room temperature for 12 hours in a 

nitrogen-filled glovebox. The catalyst solution was transferred by syringe into the vial 

charged with substrate (0.125 mmol) and added additive HOAc. The vial were 

subsequently transferred into an autoclave which hydrogen gas was charged. The 

reaction was then stirred under H2 (80 atm) at 60 ℃ for 24 h. The hydrogen gas was 

released slowly and carefully. The solution was passed through a short column of silica 

gel to remove the metal complex. The conversion of products were determined by 1H 

NMR analysis. 1H NMR (600 MHz, Chloroform-d) δ 7.31-7.28 (m, 2H), 7.23-7.19 (m, 

3H), 3.26 (p, J = 7.2 Hz, 1H), 2.67-2.62 (m, 0.44H), 2.57-2.54 (m, 0.63H), 1.31 (d, J = 

7.0 Hz, 3H). 

 

1H NMR (600 MHz, Chloroform-d) 
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10. NMR, SFC and HPLC spectra 

(E)-3-(2-fluorophenyl)but-2-enoic acid (1a) 

 

1H NMR (400 MHz, Chloroform-d) 

(Z)-3-(2-fluorophenyl)but-2-enoic acid (1b) 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

(Z)-3-(2-chlorophenyl)but-2-enoic acid (1c) 

 
1H NMR (600 MHz, Chloroform-d) 



S27 

 

 
13C NMR (100 MHz, Chloroform-d) 

 (Z)-3-(3-nitrophenyl)but-2-enoic acid (1d) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

(Z)-3-(3-fluorophenyl)but-2-enoic acid (1e) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

 (Z)-3-(3-bromophenyl)but-2-enoic acid (1f) 

 
1H NMR (400 MHz, Chloroform-d) 

 



S30 

 

 
13C NMR (150 MHz, Chloroform-d) 

(Z)-3-(4-nitrophenyl)but-2-enoic acid (1g) 

 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

(Z)-3-(4-fluorophenyl)but-2-enoic acid (1h) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (100 MHz, Chloroform-d) 

(Z)-3-(4-chlorophenyl)but-2-enoic acid (1i) 

 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

 (Z)-3-(o-tolyl)but-2-enoic acid (1j)  

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

 (Z)-3-(m-tolyl)but-2-enoic acid (1k) 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

(Z)-3-(p-tolyl)but-2-enoic acid (1l) 

 

1H NMR (600 MHz, Chloroform-d) 
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13C NMR (100 MHz, Chloroform-d) 

(Z)-3-(naphthalen-2-yl)but-2-enoic acid (1m) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (100 MHz, Chloroform-d) 

(Z)-3-phenylbut-2-enoic acid (1n) 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

 (Z)-3-phenylpent-2-enoic acid (1o) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (100 MHz, Chloroform-d) 

(Z)-4-methyl-3-phenylpent-2-enoic acid (1p) 

 

 
1H NMR (400 MHz, Chloroform-d) 

 



S40 

 

 
13C NMR (100 MHz, Chloroform-d) 

(Z)-3-cyclohexyl-3-phenylacrylic acid (1q) 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (100 MHz, Chloroform-d) 

 

(E)-3-phenylpent-2-enoic acid (1r) 

 
1H NMR (600 MHz, Chloroform-d) 
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(E)-4-methyl-3-phenylpent-2-enoic acid (1s) 

 
1H NMR (600 MHz, Chloroform-d) 

 (Z)-3-phenyl-3-(o-tolyl)acrylic acid (1t) 

 
1H NMR (600 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

3-phenyl-3-(o-tolyl)acrylic acid (1u) (E:Z =8:1) 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

ethyl (Z)-(2-fluorophenyl)but-2-enoate (1v) 

 
1H NMR (400 MHz, Chloroform-d) 
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13C NMR (150 MHz, Chloroform-d) 

 

(+)-3-(2-fluorophenyl)butanoic acid (2a)  

 
1H NMR (400 MHz, Chloroform-d) 
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(-)-3-(2-fluorophenyl)butanoic acid (2b)  

 
1H NMR (400 MHz, Chloroform-d) 

(-)-3-(2-chlorophenyl)butanoic acid (2c) 

 
1H NMR (600 MHz, Chloroform-d) 
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(-)-3-(3-nitrophenyl)butanoic acid (2d)  

 
1H NMR (400 MHz, Chloroform-d) 

(-)-3-(3-fluorophenyl)butanoic acid (2e) 

 
1H NMR (600 MHz, Chloroform-d) 
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(-)-3-(3-bromophenyl)butanoic acid (2f)  

 
1H NMR (600 MHz, Chloroform-d) 

(-)-3-(4-nitrophenyl)butanoic acid (2g) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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(-)-3-(4-fluorophenyl)butanoic acid (2h) 

 
1H NMR (400 MHz, Chloroform-d) 

(-)-3-(4-chlorophenyl)butanoic acid (2i) 

 

 
1H NMR (600 MHz, Chloroform-d) 
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(-)-3-(o-tolyl)butanoic acid (2j) 

 
1H NMR (600 MHz, Chloroform-d) 

(-)-3-(m-tolyl)butanoic acid (2k) 

 
1H NMR (600 MHz, Chloroform-d) 
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(R)-3-(p-tolyl)butanoic acid (2l) 

 
1H NMR (400 MHz, Chloroform-d) 

(-)-3-(naphthalen-2-yl)butanoic acid (2m) 

 
1H NMR (400 MHz, Chloroform-d) 
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(R)-3-phenylbutanoic acid (2n) 

 
1H NMR (400 MHz, Chloroform-d) 

(R)-3-phenylpentanoic acid (2o) 

 
1H NMR (600 MHz, Chloroform-d) 
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(S)-4-methyl-3-phenylpentanoic acid (2p)  

 
1H NMR (600 MHz, Chloroform-d) 

(S)-3-cyclohexyl-3-phenylpropanoic acid (2q)  

 
1H NMR (600 MHz, Chloroform-d) 
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(S)-3-phenylpentanoic acid (2r) 

 
1H NMR (600 MHz, Chloroform-d) 

(R)-4-methyl-3-phenylpentanoic acid (2s)  

 
1H NMR (600 MHz, Chloroform-d) 
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 (-)-3-phenyl-3-(o-tolyl)propanoic acid (2t) 

 
1H NMR (600 MHz, Chloroform-d) 

(-)-ethyl 3-(2-fluorophenyl)butanoate (2u)  

 
1H NMR (400 MHz, Chloroform-d) 
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(R)-3-phenylbutan-1-ol (3) 

 
1H NMR (400 MHz, Chloroform-d) 

(R)-3-methyl-2,3-dihydro-1H-inden-1-one (4) 

 
1H NMR (600 MHz, Chloroform-d) 



S57 

 

(1S,3R)-3-methyl-2,3-dihydro-1H-inden-1-ol (5)  

 
1H NMR (600 MHz, Chloroform-d) 

(R)-3-ethyl-2,3-dihydro-1H-inden-1-one (6) 

 
1H NMR (400 MHz, Chloroform-d) 
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(R)-3-ethyl-2,3-dihydro-1H-inden-1-one oxime (7) 

 
1H NMR (400 MHz, Chloroform-d) 

(R)-4-ethyl-1,2,3,4-tetrahydroquinoline (8) 

 
1H NMR (600 MHz, Chloroform-d) 
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(+)-3-(2-fluorophenyl)butanoic acid (2a)  
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(-)-3-(2-fluorophenyl)butanoic acid (2b)  

 

 

 

 



S61 

 

(-)3-(2-chlorophenyl)butanoic acid (2c)  
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(-)-3-(3-nitrophenyl)butanoic acid (2d) 
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(-)-3-(3-fluorophenyl)butanoic acid (2e) 
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(-)-3-(3-bromophenyl)butanoic acid (2f) 
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(-)-3-(4-nitrophenyl)butanoic acid (2g) 
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(-)-3-(4-fluorophenyl)butanoic acid (2h) 
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(-)-3-(4-chlorophenyl)butanoic acid (2i)   
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(-)-3-(o-tolyl)butanoic acid (2j) 
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 (-)-3-(m-tolyl)butanoic acid (2k) 

 

 

 

 



S70 

 

(R)-3-(p-tolyl)butanoic acid (2l) 
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(-)-3-(naphthalen-2-yl)butanoic acid (2m)  
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(R)-3-phenylbutanoic acid (2n)  
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 (R)-3-phenylpentanoic acid (2o)  
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(S)-4-methyl-3-phenylpentanoic acid (2p)  
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(S)-3-cyclohexyl-3-phenylpropanoic acid (2q)  
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(S)-3-phenylpentanoic acid (2r)   
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(R)-3-phenylpentanoic acid (2s) 
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(-)-3-phenyl-3-(o-tolyl)propanoic acid (2t) 

 

 

 

 



S79 

 

(-)-3-phenyl-3-(o-tolyl)propanoic acid (2u) 
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(-)-ethyl 3-(2-fluorophenyl)butanoate (2v) 
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(R)-3-phenylbutan-1-ol (3) 
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(R)-3-methyl-2,3-dihydro-1H-inden-1-one (4) 
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(1S,3R)-3-methyl-2,3-dihydro-1H-inden-1-ol (5)    
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(R)-3-ethyl-2,3-dihydro-1H-inden-1-one (6)  
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(R)-3-ethyl-2,3-dihydro-1H-inden-1-one oxime (7) 
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(R)-4-ethyl-1,2,3,4-tetrahydroquinoline (8) 

 

 

 

 


