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1. General information 

Unless otherwise noted, all experiments dealing with air- or moisture-sensitive compounds were 

carried out in the argon-filled glove box or using standard Schlenk techniques and oil bath were utilized 

as the heat source. All commercially available chemicals including solvents were used without further 

purification. 1H NMR, 13C NMR were recorded on a Bruker ADVANCE III (400 MHz) spectrometer 

with CDCl3, CD3OD, DMSO-d as the solvent and tetramethylsilane (TMS) as the internal standard. 

Enantiomeric excesses were determined by Daicel chiral column on an Agilent 1260 Series HPLC 

instrument. Optical rotations were measured on a PERKIN ELMER polarimeter 343 instrument. 

High-Resolution Mass Spectroscopy (HRMS) was carried out on a VARIA FT-ICR MS. 

The absolute configuration of the hydrogenation products was determined by comparison of analytical 

data with the literature.1, 2 

2. Preparation and characterization of α-aryloxy-substituted α,β-unsaturated acids 

 

All the α-aryloxy substituted α,β-unsaturated acids were prepared following the above procedure 

according to literature.1  

Characterization data of all the unsaturated acids was showed as followings: 

(Z)-2-phenoxy-3-phenylacrylic acid (1a)  

36% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.75-7.72 (m, 2H), 7.51 (s, 

1H), 7.37-7.31 (m, 5H), 7.10-7.03 (m, 3H).  

  

(Z)-3-(4-methoxyphenyl)-2-phenoxyacrylic acid (1b)  

 

34% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.0 Hz, 2H), 

7.49 (s, 1H), 7.34-7.30 (m, 2H), 7.08-7.03 (m, 3H), 6.88 (d, J = 8.0 Hz, 2H).  

 

(Z)-3-(3-methoxyphenyl)-2-phenoxyacrylic acid (1c)  

 

29% yield, yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.49 (s, 1H), 7.34-7.27 (m, 

5H), 7.09-7.02 (m, 3H), 6.94-6.91 (m, 1H), 3.73 (s, 3H). 

 

(Z)-2-phenoxy-3-(p-tolyl)acrylic acid (1d)  

35% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.0 Hz, 1H), 

7.49 (s, 1H), 7.34-7.28 (m, 2H), 7.17-7.16 (m, 2H), 7.08-7.02 (m, 3H), 2.36 (s, 

3H). 

 

(Z)-3-(4-(tert-butyl)phenyl)-2-phenoxyacrylic acid (1e)  

37% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.70-7.68 (m, 2H), 7.53 (s, 

1H), 7.40 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.10-7.05 (m, 3H). 13C 

NMR (100 MHz, CDCl3) δ 169.21, 156.40, 153.74, 138.28, 130.66, 129.98, 

129.79, 129.40, 125.85, 122.72, 115.35, 34.90, 31.10.  
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(Z)-3-(naphthalen-1-yl)-2-phenoxyacrylic acid (1f)  

43% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.33 (s, 1H), 8.22 (d, J = 

8.0 Hz, 1H), 8.11 (d, J = 4.0 Hz, 1H), 7.88 (t, J = 8.0 Hz, 2H), 7.65-7.62 (m, 1H), 

7.58-7.55 (m, 1H), 7.48-7.42 (m, 1H), 7.32-7.29 (m, 2H), 7.06-7.04 (m, 3H). 

 

(Z)-3-(naphthalen-2-yl)-2-phenoxyacrylic acid (1g)  

46% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 1H), 7.90-7.78 (m, 

4H), 7.69 (s, 1H), 7.54-7.48 (m, 2H), 7.36-7.29 (m, 3H), 7.10 (d, J = 8.0 Hz, 2H). 

 

(Z)-3-(3-fluorophenyl)-2-phenoxyacrylic acid (1h)  

42% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.52-7.35 (m, 3H), 

7.36-7.32 (m, 3H), 7.11-7.07 (m, 2H), 7.04-7.02 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 168.30, 163.96, 161.52, 156.04, 139.89, 134.18, 134.09, 130.25, 130.17, 

129.86, 128.25, 126.59, 123.10, 117.20, 117.06, 116.99, 116.84, 115.44. 19F NMR 

(100 MHz, CDCl3) δ -112.19. 

(Z)-3-(4-chlorophenyl)-2-phenoxyacrylic acid (1i)                                                                                                                                                                                                                                                                

45% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 2H), 

7.45 (s, 1H), 7.34-7.32 (m, 4H), 7.09 (t, J = 8.0 Hz, 1H), 7.03-7.01 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 168.18, 154.86, 138.65, 131.90, 130.71, 130.40, 

130.16, 129.75, 128.90, 127.90, 116.77. 

(Z)-2-phenoxy-3-(4-(trifluoromethyl)phenyl)acrylic acid (1j)  

47% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.0 Hz, 2H), 

7.62 (d, J = 8.0 Hz, 2H), 7.52 (s, 1H), 7.35 (t, J = 8.0 Hz, 2H), 7.11 (t, J = 8.0 Hz, 

1H), 7.03 (d, J = 8.0 Hz, 2H). 

 (Z)-3-(2-bromophenyl)-2-phenoxyacrylic acid (1k)  

43% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.94-7.93 (m, 1H), 7.85 (s, 

1H), 7.62 (d, J = 8.0 Hz, 1H), 7.28-7.15 (m, 4H), 7.05-6.97 (m, 3H). 13C NMR 

(100 MHz, CDCl3) δ 168.29, 156.34, 140.80, 133.01, 131.09, 130.77, 129.77, 

127.59, 126.95, 122.86, 115.48. 

(Z)-3-(3-bromophenyl)-2-phenoxyacrylic acid (1l)  

39% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.69 (d, J = 

8.0 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.40 (s, 1H), 7.34 (t, J = 8.0 Hz, 2H), 

7.25-7.21 (m, 1H), 7.11-7.08 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 168.13, 156.05, 140.05, 133.38, 132.91, 130.29, 129.86, 128.94, 

127.83, 123.11, 115.44, 114.65.  

(Z)-3-(2-nitrophenyl)-2-phenoxyacrylic acid (1m)  

40% yield, light brown solid. 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.0 Hz, 

1H), 7.88-7.85 (m, 2H), 7.59 (t, J = 8.0 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 

7.32-7.28 (m, 2H), 7.07-7.04 (m, 1H), 6.99-6.97 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 167.46, 156.47, 148.10, 141.06, 133.26, 131.46, 129.87, 129.81, 124.77, 

124.71, 123.08, 115.45. 
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(Z)-3-(3-nitrophenyl)-2-phenoxyacrylic acid (1n)  

38% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.59 (s, 1H), 8.21 (d, J = 

8.0 Hz, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.57-7.52 (m, 2H), 7.36-7.33 (m, 2H), 7.11 

(t, J = 8.0 Hz, 1H) 7.05-7.03 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 166.77, 

155.82, 148.47, 141.30, 135.79, 133.76, 129.97, 129.82, 126.46, 125.14, 124.32, 

123.41, 115.42. 

(Z)-3-(4-nitrophenyl)-2-phenoxyacrylic acid (1o)  

41% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.0 Hz, 2H), 

7.90 (d, J = 12.0 Hz, 2H), 7.49 (s, 1H), 7.36 (t, J = 8.0 Hz, 2H ), 7.36 (t, J = 8.0 

Hz, 2H ), 7.03 (d, J = 8.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 166.90, 155.81, 

147.95, 141.83, 138.37, 131.05, 130.01, 126.21, 123.95, 123.55, 115.53.  

(Z)-3-(2-hydroxyphenyl)-2-phenoxyacrylic acid (1p) 

39% yield, light yellow solid. 1H NMR (400 MHz, DMSO) δ 1H NMR (400 MHz, 

DMSO) δ 10.18 (s, 1H), 7.76-7.72 (m, 2H), 7.34-7.30 (m, 2H), 7.19-7.15 (m, 1H), 

7.04-7.01 (m, 1H), 6.96-6.90 (m, 3H), 6.72 (t, J=8.0 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 164.89, 156.89, 156.57, 139.50, 131.50, 130.25, 129.90, 122.60, 

120.79, 119.76, 119.59, 116.09, 115.39. 

(Z)-3-(furan-2-yl)-2-phenoxyacrylic acid (1q)  

42% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.52 (s, 2H), 7.32 (t, J = 8.0 

Hz, 2H), 7.07 (t, J = 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H), 6.91 (d, J = 4.0 Hz, 

1H), 6.47 (brs, 1H). 

 

(Z)-2-phenoxy-3-(thiophen-2-yl)acrylic acid (1r)  

39% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.80 (s, 1H), 7.48-7.47 (m, 

1H), 7.40 (brs, 1H), 7.35-7.31 (m, 2H), 7.10-7.03 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ 167.27, 155.94, 136.40, 134.90, 132.50, 131.52, 129.70, 127.15, 124.06, 

122.94, 115.23. 

(Z)-3-phenyl-2-(o-tolyloxy)acrylic acid (1s)  

37% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.75-7.72 (m, 2H), 7.50 (s, 

1H), 7.37-7.36 (m, 3H), 7.28-7.25 (m, 1H), 7.08 (t, J = 8.0 Hz, 1H), 7.00-6.97 (m, 

1H), 6.77 (d, J = 8.0 Hz, 1H), 2.45 (s, 3H).  

 

(Z)-3-phenyl-2-(m-tolyloxy)acrylic acid (1t)  

 

39% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.74-7.72 (m, 2H), 7.49 (s, 

1H), 7.40-7.36 (m, 3H), 7.20 (t, J = 8.0 Hz, 1H), 6.90-6.83 (m, 2H), 2.35 (s, 3H). 

 

(Z)-3-phenyl-2-(p-tolyloxy)acrylic acid (1u)  

42% yield, yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.74 (brs, 2H), 7.50 (s, 1H), 

7.39-7.37 (m, 3H), 7.13 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 2.33 (s, 3H).  
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(Z)-2-(4-chlorophenoxy)-3-phenylacrylic acid (1v)  

 

36% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.71 (brs, 2H), 7.52 (s, 1H), 

7.38-7.29 (m, 5H), 6.98-6.97 (m, 2H).  

 

(Z)-2-(4-fluorophenoxy)-3-phenylacrylic acid (1w)  

37% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.73 (brs, 2H), 7.50 (s, 1H), 

7.38 (brs, 3H), 7.00-6.99 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 168.52, 159.69, 

157.30, 152.21, 139.09, 132.04, 130.70, 130.32, 129.92, 128.88, 116.65, 116.57, 

116.38, 116.15. 19F NMR (100 MHz, CDCl3) δ -121.22. 

(Z)-2-phenoxyhex-2-enoic acid (1x)  

29% yield, white needle crystals. 1H NMR (400 MHz, CDCl3) δ 7.32-7.28 (m, 2H), 

7.05-7.02 (m, 1H), 6.95-6.93 (m, 2H), 6.80 (t, J = 8.0 Hz, 1H), 2.23 (q, J = 8.0 Hz, 

2H), 1.49 (q, J = 8.0 Hz, 2H), 0.94 (t, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 167.86, 157.20, 140.25, 135.14, 129.69, 129.62, 122.24, 114.88, 28.03, 21.55, 

13.88. 

(Z)-5-methyl-2-phenoxyhex-2-enoic acid (1y)  

31% yield, yellow viscous oil. 1H NMR (400 MHz, CDCl3) δ 7.33-7.28 (m, 2H), 

7.04 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.81 (t, J = 8.0 Hz, 1H), 2.15 (t, J 

= 8.0 Hz, 2H), 1.82-1.71 (m, 1H), 0.94 (d, J = 8.0 Hz, 6H). 13C NMR (100 MHz, 

CDCl3) δ 168.17, 157.17, 140.62, 134.32, 129.61, 122.25, 114.92, 34.94, 28.01, 

22.48. 

(Z)-3-([1,1'-biphenyl]-4-yl)-2-([1,1'-biphenyl]-4-yloxy)acrylic acid (1z) 

53% yield, white solid. 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.0 Hz, 

2H), 7.63-7.55 (m, 9H), 7.45 (q, J = 8.0 Hz, 4H), 7.40-7.34 (m, 2H), 

7.16-7.13 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 164.60, 156.38, 141.57, 

140.68, 140.05, 139.60, 135.04, 131.95, 131.16, 129.47, 129.38, 128.71, 

128.39, 127.48, 127.13, 126.85, 126.45, 116.03. 

3. Asymmetric hydrogenation of α-aryloxy-substituted α,β-unsaturated acids 

3.1 General procedure of asymmetric hydrogenation 

 

A solution of (RC, SFc, SP)-Chenphos (1.64mg, 0.0022 mmol) and Rh(nbd)2BF4 (0.46 mg, 0.002 mmol) in 

MeOH (1 mL) was stirred under nitrogen atmosphere. After 30 min, the clear yellow solution was 

transferred into a hydrogenation tube equipped with a stir bar, and the α,β-unsaturated carboxylic acids 

was added. The hydrogenation tube was then put into an autoclave. The air in the autoclave was replaced 

with hydrogen for three times. The autoclave was then charged with hydrogen to 20 atm, and the reaction 

mixture was stirred at room temperature for 20 h. After releasing the hydrogen, the reaction mixture was 

concentrated on a rotary evaporator. The conversion of substrate was determined by 1H NMR analysis. 

The crude product was purified by flash chromatography on silica gel column to give the pure product. 

The product was reacted with aniline (1.1 eq) in the presence of DMAP and DCC in THF for 30 min to 

afford the corresponding amide. After a flash chromatography on neutral Al2O3 column, the desired 

amide was obtained and the ee values of the products were determined by chiral HPLC. 
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3.2 Ligands screened in the asymmetric hydrogenation 

 

4. Analytical Data of the Hydrogenation Products 

(S)-2-phenoxy-3-phenylpropionic acid (2a) 

White solid, 97% yield, 98% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=95:5, flow rate=1.0 mL/min, 254 nm UV 

detector, tR=16.35 min for major isomer, and tR=20.85 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.33-7.26 (m, 7H), 6.98 (t, J = 16.0 Hz, 1H), 6.86 (d, J = 4.0 Hz, 2H), 4.84 

(brs, 1H), 3.28 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 157.56, 136.32, 129.63, 129.55, 128.51, 127.04, 

121.99, 115.41, 38.87. 

(S)-3-(4-methoxyphenyl)-2-phenoxypropionic acid (2b) 

White solid, 98% yield, 98% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=19.11 min for major isomer, and tR=21.80 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.28-7.25 (m, 5H), 7.01-6.97 (m, 1H), 6.87 (t, J = 16 Hz, 3H), 4.82 (brs, 

1H), 3.25 (d, J = 4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 158.59, 157.60, 130.58, 129.64, 128.35, 

121.94, 120.51, 115.41, 113.93, 55.25, 38.01. 

(S)-3-(3-methoxyphenyl)-2-phenoxypropionic acid (2c) 

White solid, 97% yield, 95% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=17.26 min for major isomer, and tR=21.54 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.30-7.23 (m, 2H), 7.02-6.99 (m, 1H), 6.95-6.88 (m, 4H), 6.84-6.82 (m, 

2H), 4.88 (t, J = 6.0 Hz, 1H), 3.81 (s, 3H), 3.29 (d, J = 8.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

176.31, 159.59, 157.72, 137.75, 129.65, 129.50, 122.04, 121.86, 115.38, 115.21, 112.60, 55.20, 38.91. 

(S)-2-phenoxy-3-p-tolylpropionic acid (2d) 

White solid, 97% yield, 98% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=12.75 min for major isomer, and tR=14.18 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.30-7.22 (m, 4H), 7.15-7.13 (m, 2H), 7.01 (d, J = 6.0 Hz, 1H), 6.88 (d, J 

=8.0 Hz, 2H), 4.85 (t, J = 8.0 Hz, 1H), 3.28-3.27 (m, 2H), 2.35 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

176.33, 157.46, 136.65, 132.95, 129.64, 129.38, 129.21, 122.03, 115.35, 38.42, 21.22. 

(S)-3-(4-(tert-butyl)phenyl)-2-phenoxypropanoic acid (2e) 

White solid, 96% yield, 93% ee. HPLC condition: Chiralcel AS-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=7.47 min for major isomer, and tR=9.74 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.37-7.29 (m, 6H), 7.01 (t, J = 6.0 Hz, 1H), 6.91-6.89 (m, 2H), 4.87 (brs, 
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1H), 3.30-3.29 (m, 2H), 1.34 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 176.04, 157.57, 149.87, 133.20, 

129.62, 129.17, 125.42, 121.95, 115.37, 38.38, 34.46, 31.37.  

(S)-3-(naphthalen-1-yl)-2-phenoxypropionic acid (2f) 

White solid, 97% yield, 95% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=85:15, flow rate=1.0 mL/min, 254 nm UV 

detector, tR=9.58 min for major isomer, and tR=13.60 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 8.20 (d, J =8.0 Hz, 1H), 7.90 (d, J =8.0 Hz, 1H), 7.80 

(d, J =8.0 Hz, 1H), 7.61-7.52 (m, 3H), 7.45-7.42 (m, 1H), 7.23-7.19 (m, 2H), 

6.96-6.93 (m, 1H), 6.80-6.78 (m, 2H), 5.01-4.99 (m, 1H), 3.89-3.86 (m, 1H), 3.72-3.67 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ 176.22, 157.60, 133.92, 132.32, 131.97, 129.54, 128.95, 128.12, 127.97, 

126.30, 125.67, 125.43, 123.51, 121.93, 115.28, 36.27. 

(S)-3-(naphthalen-2-yl)-2-phenoxypropionic acid (2g) 

White solid, 98% yield, 98% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=85:15, flow rate=1.0 mL/min, 254 nm 

UV detector, tR=11.69 min for major isomer, and tR=14.75 min for minor isomer; 
1H NMR (400 MHz, CDCl3) δ 7.83-7.81 (m, 4H), 7.49 (brs, 3H), 7.27-7.25 (m, 2H), 6.99-6.97 (m, 1H), 

6.91-6.89 (m, 2H), 4.97 (brs, 1H), 3.48 (brs, 2H). 13C NMR (100 MHz, CDCl3) δ 176.05, 157.52, 

133.76, 133.47, 132.52, 129.64, 128.27, 128.12, 127.71, 127.66, 126.09, 125.74, 122.06, 115.42, 39.03. 

(S)-3-(3-fluorophenyl)-2-phenoxypropanoic acid (2h) 

White solid, 98% yield, 97% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=90:10, flow rate=1.0 mL/min, 254 nm 

UV detector, tR=9.83 min for major isomer, and tR=12.84 min for minor isomer; 
1H NMR (400 MHz, CDCl3) δ 7.28 (brs, 4H), 7.12-7.06 (m, 2H), 7.02-6.95 (m, 2H), 6.87 (d, J = 8.0 

Hz, 2H), 4.85 (brs, 1H), 3.30-3.29 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 163.99, 161.54, 157.43, 

138.80, 129.98, 129.90, 129.68, 125.21, 122.10, 116.62, 116.40, 115.33, 114.10, 113.90, 38.43. 19F 

NMR (100 MHz, CDCl3) δ -113.24. 

(S)-3-(4-chlorophenyl)-2-phenoxypropanoic acid (2i) 

White solid, 97% yield, 95% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=15.99 min for major isomer (S), and tR=20.45 min for minor isomer 

(R); 1H NMR (400 MHz, CDCl3) δ 7.31-7.29 (m, 6H), 7.02 (t, J = 6.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 

4.84 (t, J = 6.0 Hz, 1H), 3.28-3.27 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 176.03, 157.37, 134.63, 

133.00, 130.91, 129.71, 128.66, 122.17, 115.30, 38.13. 

(S)-2-phenoxy-3-(4-(trifluoromethyl)phenyl)propanoic acid (2j) 

White solid, 98% yield, 96% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=16.45 min for major isomer, and tR=24.54 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.60-7.58 (m, 2H), 7.48-7.46 (m, 2H), 7.31-7.27 (m, 2H), 7.02 (t, J = 16.0 

Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 4.89 (t, J=12.0 Hz, 1H), 3.37-3.36 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 175.96, 157.25, 140.21, 129.90, 129.73, 125.45, 125.42, 122.27, 115.23, 38.50. 

3-(2-bromophenyl)-2-phenoxypropanoic acid (2k) 

White solid, 96% yield, 95% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=13.76 min for major isomer, and tR=21.25 min for minor isomer; 1H 
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NMR (400 MHz, CDCl3) δ 7.57-7.56 (m, 1H), 7.38-7.37 (m, 1H), 7.24-7.23 (m, 2H), 7.13-7.12 (m, 

1H), 6.97-6.95 (m, 1H), 6.84 (brs, 2H), 4.95 (brs, 1H), 3.53-3.50 (m, 1H), 3.33 (brs, 1H). 13C NMR 

(100 MHz, CDCl3) δ 176.10, 157.64, 135.78, 132.85, 132.22, 129.56, 128.77, 127.41, 124.71, 121.92, 

115.39, 39.28. 

(S)-3-(3-bromophenyl)-2-phenoxypropanoic acid (2l) 

White solid, 97% yield, 96% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=15.65 min for major isomer, and tR=19.96 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.40-7.39 (m, 1H), 7.19-7.18 (m, 4H), 6.99 (brs, 1H), 6.87 (s, 

2H), 4.83 (s, 1H), 3.25 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 175.71, 157.41, 138.59, 132.62, 130.20, 

130.02, 129.66, 122.41. 122.12, 115.37, 38.43. 

(S)-3-(2-nitrophenyl)-2-phenoxypropanoic acid (2m) 

White solid, 98% yield, 92% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=85:15, flow rate=1.0 mL/min, 254 nm 

UV detector, tR=9.26 min for major isomer, and tR=11.41 min for minor isomer; 
1H NMR (400 MHz, CDCl3) δ 7.97-7.95 (m, 1H), 7.54 (brs, 2H), 7.44-7.42 (m, 

1H), 7.26-7.22 (m, 2H), 6.98-6.95 (m, 1H), 6.84-6.82 (m, 2H), 5.02-5.01 (m, 1H), 3.74-3.71 (m, 1H), 

3.60-3.54 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 175.14, 157.39, 149.85, 133.56, 132.99, 131.13, 

129.60, 128.35, 124.90, 122.03, 115.16, 35.91. 

(S)-3-(3-nitrophenyl)-2-phenoxypropanoic acid (2n) 

White solid, 98% yield, 97% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=85:15, flow rate=1.0 mL/min, 254 nm 

UV detector, tR=18.44 min for major isomer, and tR=24.93 min for minor 

isomer; 1H NMR (400 MHz, CDCl3) δ 8.25 (brs, 1H), 8.13-8.11 (m, 1H), 7.70-7.68 (m, 1H), 7.51-7.47 

(m, 1H), 7.28-7.25 (m, 2H), 7.01-6.98 (m, 1H), 6.87-6.85 (m, 2H), 4.89 (brs, 1H), 3.41 (brs, 2H). 13C 

NMR (100 MHz, CDCl3) δ 175.48, 157.18, 148.24, 138.21, 135.93, 129.74, 129.43, 124.57, 122.29, 

115.22, 38.25. 

(S)-3-(4-nitrophenyl)-2-phenoxypropanoic acid (2o) 

White solid, 98% yield, 96% ee. HPLC condition: Chiralcel OD-H column 

(25 cm × 0.46 cm ID), hexane/2-propanol=85:15, flow rate=1.0 mL/min, 254 

nm UV detector, tR=25.36 min for major isomer, and tR=33.68 min for minor 

isomer; 1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.29-7.25 (m, 

2H), 7.00 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 2H), 4.89 (brs, 1H), 3.38 (brs, 2H). 
13

C NMR (100 

MHz, CDCl3) δ 175.17, 157.13, 147.16, 143.84, 130.48, 129.76, 123.66, 122.36, 115.19, 38.42. 

(S)-3-(2-hydroxyphenyl)-2-phenoxypropanoic acid (2p) 

White solid, 97% yield, 95% ee. HPLC condition: Chiralcel AS-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=90:10, flow rate=1.0 mL/min, 254 nm 

UV detector, tR=22.27 min for major isomer, and tR=25.75 min for minor 

isomer; 1H NMR (400 MHz, DMSO) δ 7.25 (t, J=8.0 Hz, 2H), 7.15 (d, J=8.0 

Hz, 1H), 7.06-7.03 (m, 1H), 6.93-6.90 (m, 1H), 6.81 (d, J=8.0 Hz), 6.72 (t, J=8.0 Hz), 4.89 (t, J=8.0 Hz, 

1H), 3.21-3.17 (m, 1H), 3.08-3.02 (m, 1H). 13C NMR (100 MHz, DMSO) δ 172.83, 158.21, 155.86, 

131.64, 129.97, 128.24, 123.23, 121.47, 119.23, 115.32, 115.20, 75.75, 33.78. 
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(S)-3-(furan-2-yl)-2-phenoxypropanoic acid (2q)  

Brown solid, 99% yield, 97% ee. HPLC condition: Chiralcel AD-H column 

(25 cm × 0.46 cm ID), hexane/2-propanol=90:10, flow rate=1.0 mL/min, 254 

nm UV detector, tR=20.44 min for minor isomer and tR=22.86 min for major 

isomer; 1H NMR (400 MHz, CDCl3) δ 7.35-7.30 (m, 3H), 7.04-7.01 (m, 1H), 

6.91-6.85 (m, 2H), 6.32 (s, 1H), 6.23 (s, 1H), 4.98 (brs, 1H), 3.37-3.35 (d, J = 8.0 Hz, 2H). 13C NMR 

(100 MHz, CDCl3) δ 175.70, 157.43, 149.81, 141.92, 129.66, 122.22, 115.59, 110.51, 108.04, 31.57. 

(S)-2-phenoxy-3-(thiophen-2-yl)propanoic acid (2r) 

White solid, 99% yield, >99% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=15.25 min for major isomer; 1H NMR (400 MHz, CDCl3) δ 8.11 (brs, 

1H), 7.31-7.29 (m, 2H), 7.21 (s, 1H), 7.03-6.95 (m, 5H), 4.86 (brs, 1H), 3.53 (brs, 

2H). 13C NMR (100 MHz, CDCl3) δ 175.85, 157.39, 137.68, 129.66, 126.83, 126.78, 124.99, 122.18, 

115.51, 33.11. 

(S)-3-phenyl-2-(o-tolyloxy)propanoic acid (2s) 

Colorless oil and solidified by standing. 95% yield, 98% ee. HPLC condition: 

Chiralcel OD-H column (25 cm × 0.46 cm ID), hexane/2-propanol=92:8, flow 

rate=0.8 mL/min, 254 nm UV detector, tR=11.34 min for major isomer, and 

tR=12.89 min for minor isomer; 1H NMR (400 MHz, CDCl3) δ 7.35-7.29 (m, 5H), 

7.16-7.10 (m, 2H), 6.90 (brs, 1H), 6.67-6.66 (m, 1H), 4.87 (brs, 1H), 3.34 (brs, 1H), 2.25 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 176.27, 163.51, 136.27, 131.10, 129.60, 128.43, 127.41, 127.03, 126.70, 

121.49, 111.49, 39.07, 16.40. 

(S)-3-phenyl-2-(m-tolyloxy)propanoic acid (2t) 

White solid, 96% yield, 97% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=10.27 min for major isomer, and tR=11.93 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.39-7.28 (m, 5H), 7.16 (t, J = 8.0 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 

6.72-6.67 (m, 2H), 4.88-4.85 (m, 1H), 3.30 (d, J = 4.0 Hz, 2H), 2.32 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 176.18, 157.53, 139.79, 136.28, 129.53, 129.33, 128.49, 127.03, 122.86, 116.32, 112.01, 

38.91, 21.47.  

(S)-3-phenyl-2-(p-tolyloxy)propanoic acid (2u) 

White solid, 97% yield, 97% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=11.00 min for major isomer, and tR=12.26 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.39-7.29 (m, 5H), 7.08-7.07 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 4.83 (brs, 

1H), 3.30 (brs, 2H), 2.30 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 176.02, 155.51, 136.37, 131.38, 

130.06, 129.52, 128.48, 127.00, 115.39, 38.89, 20.49. 

(S)-2-(4-chlorophenoxy)-3-phenylpropanoic acid (2v) 

White solid, 93% yield, 95% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=16.09 min for major isomer, and tR=18.15 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.32-7.21 (m, 7H), 6.79 (s, 2H), 4.80 (brs, 1H), 3.29 

(s, 2H). 13C NMR (100 MHz, CDCl3) δ 175.69, 156.18, 135.99, 129.49, 129.45, 128.54, 127.15, 127.00, 

116.79, 38.80. 
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(S)-2-(4-fluorophenoxy)-3-phenylpropanoic acid (2w) 

White solid, 95% yield, 93% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=0.8 mL/min, 254 nm UV 

detector, tR=17.19 min for major isomer (S), and tR=19.17 min for minor isomer 

(R); 1H NMR (400 MHz, CDCl3) δ 7.32-7.29 (m, 5H), 6.93-6.78 (m, 4H), 4.74 

(brs, 1H), 3.26 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 176.09, 159.15, 156.77, 153.76, 136.16, 129.48, 

128.54, 127.12, 116.96, 116.13, 115.90, 38.88. 

(S)-2-phenoxyhexanoic acid (2x) 

White solid, 97% yield, 88% ee. HPLC condition: Chiralcel OD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=92:8, flow rate=1.0 mL/min, 254 nm UV 

detector, tR=8.69 min for major isomer, and tR=9.83 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.31-7.29 (m, 2H), 7.03-6.94 (m, 3H), 4.67 (brs, 1H), 

2.01 (brs, 2H), 1.46-1.24 (m, 4H), 0.96-0.93 (m, 3H). 13C NMR (100 MHz, CDCl3) δ 157.71, 129.64, 

121.80, 115.17, 36.74, 34.98, 32.44, 29.71, 27.36, 22.33, 13.87. 

(S)-5-methyl-2-phenoxyhexanoic acid (2y) 

White solid, 96% yield, 85% ee. HPLC condition: Chiralcel AD-H column (25 

cm × 0.46 cm ID), hexane/2-propanol=90:10, flow rate=1.0 mL/min, 254 nm UV 

detector, tR=7.94 min for major isomer, and tR=9.41 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.32-7.29 (m, 3H), 7.03-7.00 (m, 1H), 6.93 (d, J = 8.0 

Hz, 3H), 4.64 (brs, 1H), 2.02-2.00 (m, 2H), 1.64-1.61 (m, 1H), 1.50-1.41 (m, 2H), 0.94 (d, J = 8.0 Hz, 

6H). 13C NMR (100 MHz, CDCl3) δ 177.03, 157.74, 129.64, 121.78, 115.16, 34.20, 30.74, 27.81, 22.52, 

22.34. 

(S)-5-methyl-2-phenoxyhexanoic acid (2y) 

White solid, 97% yield, 90% ee, 95% ee after one recrystallization. 

HPLC condition: Chiralcel AS-H column (25 cm × 0.46 cm ID), 

hexane/2-propanol=90:10, flow rate=0.8 mL/min, 254 nm UV detector, 

tR=18.44 min for major isomer, and tR=28.75 min for minor isomer; 1H 

NMR (400 MHz, CDCl3) δ 7.61-7.51 (m, 8H), 7.47-7.41 (m, 6H), 

7.38-7.32 (m, 2H), 6.98 (d, J = 8.0 Hz, 2H), 4.98 (t, J=4.0 Hz, 1H), 3.39 (t, J=4.0 Hz, 2H). 13C NMR 

(100 MHz, CDCl3) δ 175.21, 157.05, 140.80, 140.50, 139.98, 135.26, 135.17, 129.95, 128.76, 128.34, 

127.24, 127.05, 126.80, 115.66, 38.50. 
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6. NMR Spectra  

6.1 NMR Spectra of the substrates 
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3.2 NMR spectra of chiral products 
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7. HPLC spectra 
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