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1 General methods 

All reactions and manipulations involving air-sensitive compounds were 

performed using standard Schlenk techniques or in a glovebox. Anhydrous THF, Et2O 

and toluene were distilled from sodium benzophenoneketyl. Anhydrous CH2Cl2, 

CHCl3, ClCH2CH2Cl, Et3N, MeOH, CF3CH2OH and i-PrOH were distilled from 

CaH2 under an atmosphere of argon. Melting points were measured on a RY-I 

apparatus and uncorrected. 1H, 13C and 19F NMR spectra were recorded on a Varian 

Mercury 400 MHz or Agilent 400 MHz spectrometer. Chemical shifts (δ values) were 

reported in ppm with internal TMS (1H NMR), CDCl3 (13C NMR), and external 

CF3CO2H (19F NMR) references, respectively. Optical rotations were determined 

using an Autopol I polarimeter. ESI-MS mass spectra were obtained on Agilent 

LC/MSD SL instrument, respectively. HRMS (ESI) were measured on an Agilent 

Technologies 6224 TOF LC/MS or an APEX III 7.0 TESLA FTMS spectrometer. The 

IR spectra were measured on a Bruker Tensor 27 spectrometer. Chiral HPLC analyses 

were performed on a JASCO 2089 liquid chromatography. 

2 Ligand synthesis 

 

The chiral monodentate secondary phosphine oxide ligands (S,S)-L1,1 (R,R)-L2,2 

(S)-L3,3 (R)-L4,1 (R,R)-L5,1 and (S,S)-L61 were synthesized according to the 

literature procedures. 
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3 Synthesis of α-arylacrylic and β-arylbut-3-enoic acids 

Except for α-arylacrylic acid 1n and β-arylbut-3-enoic acid 3g, all other substrates 

1a-m4 and 3a-f5 are known compounds and were synthesized according to published 

procedures or obtained from commercial sources.  

2-(3-(thiophene-2-carbonyl)phenyl)acrylic acid, 1n 

 

Yellowlish solid; M.P. 91-92 °C;1H NMR (400 MHz, CDCl3):δ = 10.72 (s, br, 1H), 

7.95 (s, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.72-7.66 (m, 3H),7.52-7.49 (m, 1H) 7.15-7.13 

(m, 1H), 6.63 (s, 1H), 6.11 (s, 1H);13C NMR (100 MHz, CDCl3): δ = 187.8, 171.3, 

143.2, 139.6, 137.8, 136.2, 135.1, 134.5, 132.2, 130.4, 129.3, 128.9, 128.2, 128.0; 

FTIR (KBr pellet) ν 3445, 1678, 1631, 1515, 1411, 1230, 917, 708, 656cm-1; ESI-MS 

m/z: 257.0 (M - H+); HRMS (MALDI/DHB) m/z: Calcd. For C14H11O3S
+: 259.0423, 

Found: 259.0420 (M + H+). 

3-(6-methoxynaphthalen-2-yl)but-3-enoic acid, 3g 

 

Yellowlish solid; M.P. 162-164 °C; 1H NMR (400 MHz, CD3OD): δ = 7.80 (s, 1H), 

7.72-7.69 (m, 2H), 7.62-7.60 (m, 1H), 7.18 (d, J = 2.0 Hz, 1H), 7.10 (dd, J = 8.8, 1.8 

Hz, 1H),5.66 (s, 1H), 5.27 (s, 1H), 3.88 (s, 3H), 3.61 (s, 2H);13C NMR (100 MHz, 

CD3OD): δ = 175.4, 159.3, 142.5, 136.1, 135.6, 130.7, 130.1, 127.9, 125.4, 125.3, 

119.9, 116.0, 106.5, 55.7, 41.8; FTIR (neat) ν 2963, 1688, 1623, 1598, 1388, 1209, 

1180, 1023, 851, 814; ESI-MS m/z: 243.1 (M + H+); HRMS (ESI) m/z: Calcd. For 

C15H15O3
+: 243.1016, Found: 243.1012 (M + H+). 

4 The effect of the base additives on asymmetric hydrogenation of 1a 

Table S1 Base effect on [Rh(cod)Cl]2/(S,S)-L1 catalyzed AH of 1a in toluenea 
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Entry Base (0.5 eq) Conv. (%)b Ee (%)c 

1 Et3N >99 92 

2 HNEt2 65 69 

3 DIPEA >99 78 

4 Dimethylaniline <5% -- 

5 Pyridine <5% -- 
a Reaction conditions: [1a] = 0.10 M, toluene 2.5 mL. b Determined by 1H NMR. c Determined by 

Chiral HPLC using a chiralcel AD-H column after the acid was transformed to its corresponding 

methyl ester with CH2N2, and the absolute configuration was assigned by comparison of the [α]D
20

 

with that reported in the literature.6 

Table S2 Base effect on [Rh(cod)Cl]2/(S,S)-L1 catalyzed AH of 1a in 1,4-dioxanea 

 

Entry Base (0.5 eq) Conv. (%)b Ee (%)c 

1 Et3N >99 92 

2 HNEt2 >99 67 

3 DIPEA >99 80 

4 Dimethylaniline 75 0 

5 Pyridine <5% -- 

6 Bu3N >99 90 

7 Ph3N 50 13 

8 K2CO3 >99 54 

9 -- 20 5 

10 Et3N (0.2 eq) >99 91 

11 Et3N (1.0 eq) >99 90 
a Reaction conditions: Rh(I)/(S,S)-L1 = 1/2, [1a] = 0.10 M. b Determined by 1H NMR. c 
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Determined by Chiral HPLC using a chiralcel AD-H column after the acid was transformed to its 

corresponding methyl ester with CH2N2, and the absolute configuration was assigned by 

comparison of the [α]D
20

 with that reported in the literature.6 

5 Characterization data of the hydrogenation products 

5.1 Characterization data of the hydrogenation products 2a-o 

(S)-2-(6-methoxynaphthalen-2-yl)propanoic acid, (S)-2a 

 

>99% conv., 96% yield (1.0-mmol scale), white solid, M.P. 156-158 °C, 95% ee; 

[α]D
20 = +68.3 (c 1.0, CHCl3) [lit6 [α]D

20 = +65.0 (c 1.0, CHCl3) for optically pure 

S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 7.70 (s, 1H), 7.67 (s, 2H), 7.40 (dd, J = 

8.4, 1.6 Hz, 1H), 7.12 (dd, J = 8.8, 2.4 Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H), 3.90 (s, 3H), 

3.86 (q, J = 6.8 Hz, 1H), 1.57 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2a was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 98:2, 

flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 15.8 min (major), 18.0 

min (minor). 

(S)-2-phenylpropanoic acid, (S)-2b 

 

>99% conv., yellowish solid, M.P. 54-56 °C, 96% ee; [α]D
20 = +86.2 (c 1.0, CHCl3) 

[lit7 [α]D
20 = +71.5 (c 2.0, CHCl3) for optically pure S-isomer]; 1H NMR (400 MHz, 

CDCl3): δ = 7.33-7.23 (m, 5H), 3.73 (q, J = 7.2 Hz, 1H), 1.50 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2b was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 14.1 min (major), 18.3 

min (minor). 
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(R)-2-(2-chlorophenyl)propanoic acid, (R)-2c 

 

>99% conv., yellowish oil, 92% ee; [α]D
20 = -52.4 (c 1.00, CHCl3) [lit

8 [α]D
20= +32.8 

(c 1.31, CHCl3) for 55% ee S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 7.38-7.33 (m, 

2H), 7.26-7.18 (m, 2H), 4.26 (q, J = 7.2 Hz, 1H), 1.52 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 3c was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 9.7 min (major), 12.8 

min (minor). 

(S)-2-(3-chlorophenyl)propanoic acid, (S)-2d 

COOH
Cl

 

>99% conv., yellowish oil, 94% ee; [α]D
20 = +27.7 (c 1.0, CHCl3) [lit

8 [α]D
20= +53.9 

(c 1.2, CHCl3) for 97% ee, S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 7.31 (s, 1H), 

7.26-7.23 (m, 2H), 7.20-7.18 (m, 1H), 3.71 (q, J = 7.2 Hz, 1H), 1.50 (d, J = 7.2 Hz, 

3H). 

The enantiomeric excess of 2d was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 9.0 min (major), 9.9 min 

(minor). 

(S)-2-(4-chlorophenyl)propanoic acid, (S)-2e 

 

>99% conv., white solid, M.P. 68-70 °C, 94% ee; [α]D
20 = +72.8 (c 1.0, CHCl3) [lit

8 

[α]D
20 = +66.3 (c 0.9, CHCl3) for 98% ee, S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 

7.30-7.27 (m, 2H), 7.26-7.23 (m, 2H),3.70 (q, J = 7.2 Hz, 1H), 1.49 (d, J = 7.2 Hz, 
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3H). 

The enantiomeric excess of 2e was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 9.0 min (minor), 10.2 

min (major). 

(R)-2-(p-tolyl)propanoic acid, (R)-2f 

 

>99% conv., colorless oil, 93% ee; [α]D
20 = -40.7 (c 1.2, CHCl3) [lit

8 [α]D
20 = +66.4 (c 

0.71, CHCl3) for 100% ee, S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 8.98 (s, br, 

1H), 7.15 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 3.59 (q, J = 6.8 Hz, 1H), 2.29 

(s, 3H), 1.39 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2f was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 15.0 min (major), 18.0 

min (minor). 

Note: (S)-2f was obtained in 93% ee using [Rh(cod)Cl]2/(R,R)-L2 as the catalyst, see 

the data of entry 6 for Table 2 in the text. 

(R)-2-(4-methoxyphenyl)propanoic acid, (R)-2g 

 

>99% conv., white solid, M.P. 72-74 °C, 94% ee; [α]D
20 = -49.8 (c 1.00, CHCl3) [lit

9 

[α]D
20 = -76.3 (c 1.02, CHCl3) for 95% ee, R-isomer]; 1H NMR (400 MHz, CDCl3): δ 

= 7.82 (s, br, 1H), 7.17 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.4 Hz, 2H), 3.75 (s, 3H), 3.58 

(q, J = 5.6 Hz, 1H), 1.39 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 2g was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 30.3 min (minor), 32.6 
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min (major). 

Note: (S)-2g was obtained in 94% ee using [Rh(cod)Cl]2/(R,R)-L2 as the catalyst, see 

the data of entry 7 for Table 2 in the text. 

(R)-2-(4-fluorophenyl)propanoic acid, (R)-2h 

 

>99% conv., yellowish oil, 94% ee; [α]D
20 = -49.5 (c 1.2, CHCl3) [lit

8 [α]D
20= +53.5 (c 

0.62, CHCl3) for 98% ee, S-isomer]; 1H NMR (300 MHz, CDCl3): δ = 8.27 (s, br, 1H), 

7.22-7.17 (m, 2H), 6.97-6.91 (m, 2H), 3.60 (q, J = 7.2 Hz, 1H), 1.38 (d, J = 7.2 Hz, 

3H);19F NMR (282 MHz, CDCl3): δ = -115.9 ppm. 

The enantiomeric excess of 2h was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 9.7 min (major), 10.5 

min (minor). 

Note: (S)-2h was obtained in 94% ee using [Rh(cod)Cl]2/(R,R)-L2 as the catalyst, see 

the data of entry 8 for Table 2 in the text. 

(R)-2-(4-(trifluoromethyl)phenyl)propanoic acid, (R)-2i 

 

>99% conv., yellowish solid, M.P. 74-76 °C, 90% ee; [α]D
20 = -58.5 (c 1.0, CHCl3) 

[lit9 [α]D
20= -52.6 (c 1.05, CHCl3) for 95% ee, R-isomer]; 1H NMR (300 MHz, 

CDCl3): δ = 7.50 (d, J = 7.5 Hz, 2H), 7.31 (d, J = 7.8 Hz, 2H), 3.63 (q, J = 6.0 Hz, 

1H), 1.37 (d, J = 6.3 Hz, 3H); 19F NMR (282 MHz, CDCl3): δ = -63.0 ppm. 

The enantiomeric excess of 2i was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 6.2 min (major), 8.6 min 

(minor). 

(R)-2-(naphthalen-1-yl)propanoic acid, (R)-2j 
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>99% conv., white solid, M.P. 155-158 °C, 92% ee; [α]D
20 = -102.0 (c 1.17, CHCl3) 

[lit10 [α]D
20= +125.7 (c 0.35, CHCl3) for 87% ee, S-isomer]; 1H NMR (400 MHz, 

CDCl3): δ = 8.07 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 8.0 Hz, 

1H), 7.54-7.42 (m, 4H), 4.52 (q, J = 7.2 Hz, 1H), 1.65 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 2j was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 18.5 min (minor), 21.0 

min (major). 

(R)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoic acid, (R)-2k 

 

>99% conv., white solid, M.P. 111-113 °C, 90% ee; [α]D
20 = -29.5 (c 1.10, CHCl3) [lit

6 

[α]D
20 = -41.2 (c 1.0, CHCl3) for 97% ee, R-isomer]; 1H NMR (400 MHz, CDCl3): δ = 

7.54-7.51 (m, 2H), 7.45-7.34 (m, 4H), 7.18-7.13 (m, 2H), 3.78 (q, J = 7.2 Hz, 1H), 

1.55 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2k was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 22.4 min (major), 26.5 

min (minor). 

(R)-2-(4-isobutylphenyl)propanoic acid, (R)-2l 

COOH

 

>99% conv., white solid, M.P. 74-75 °C, 93% ee; [α]D
20 = -54.9 (c 1.13, CHCl3) [lit

11 

[α]D
20 = -45.4 (c 1.00, CHCl3) for 82% ee, R-isomer]; 1H NMR (400 MHz, CDCl3): δ 

= 7.21 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 3.70 (q, J = 7.2 Hz, 1H), 2.44 (d, 
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J = 7.2 Hz, 2H), 1.89-1.78 (heptet, J = 6.8 Hz, 1H), 1.49 (d, J = 7.2 Hz, 3H), 0.89 (d, 

J = 6.8 Hz, 6H). 

The enantiomeric excess of 2l was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 : 1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 7.8 min (minor), 9.8 min 

(major). 

Note: (S)-2l was obtained in 93% ee using [Rh(cod)Cl]2/(R,R)-L2 as the catalyst, see 

the data of entry 12 for Table 2 in the text. 

(R)-2-(3-benzoylphenyl)propanoic acid, (R)-2m 

 

>99% conv., white solid, M.P. 99-101 °C, 90% ee; [α]D
20 = -35.8 (c 1.16, CHCl3) [lit

12 

[α]D
20 = +45.7 (c 1.03, CHCl3) for 92% ee, S-isomer]; 1H NMR (400 MHz, CDCl3): δ 

= 7.80-7.78 (m, 3H), 7.70-7.67 (m, 1H), 7.60-7.55 (m, 2H), 7.49-7.26 (m, 3H), 3.82 

(q, J = 7.2 Hz, 1H), 1.55 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2m was determined by chiral HPLC analysis on Chiralpak 

IC-3 column after esterification with CH2N2. Conditions: hexane/isopropanol = 90 :10, 

flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 17.0 min (minor), 19.3 

min (major). 

(R)-2-(3-(thiophene-2-carbonyl)phenyl)propanoic acid, (-)-2n13 

 

 >99% conv., yellowish solid, M.P. 126-129 °C, 83% ee; [α]D
20 = -30.3 (c 1.40, 

CHCl3); 
1H NMR (400 MHz, CDCl3): δ = 7.83-7.82 (m, 1H), 7.78-7.75 (m, 1H), 

7.73-7.71 (m, 1H), 7.63-7.62 (m, 1H), 7.57-7.54 (m, 1H), 7.48-7.44 (m, 1H), 

7.16-7.13 (m, 1H), 3.83 (q, J = 7.2 Hz, 1H), 1.56 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 2n was determined by chiral HPLC analysis on Chiralpak 

IC-3 column after esterification with CH2N2. Conditions: hexane/isopropanol = 90 :10, 
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flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 29.4 min (minor), 36.6 

min. 

(R)-2-methyl-3-phenylpropanoic acid, (R)-2o 

 

>99% conv., colorless oil, 54% ee; [α]D
20 = -9.4 (c 1.10, CHCl3) [lit

6 [α]D
25 = -27.0 (c 

1.00, CHCl3) for 98% ee, R-isomer]; 1H NMR (400 MHz, CDCl3): δ = 9.47 (s, br, 1H), 

7.26-7.14 (m, 5H), 3.06 (dd, J = 13.2, 6.0 Hz, 1H), 2.73-2.67 (m, 1H), 2.60 (dd, J = 

13.2, 8.4 Hz, 1H), 1.11 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 2o was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 : 1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 215 nm, tR = 9.5 min (major), 11.0 

min (minor). 

5.2 Characterization data of the hydrogenation products 4a-g 

(S)-3-phenylbutanoic acid, (S)-4a 

 

>99% conv., colorless oil, 94% ee; [α]D
20 = +38.3 (c 1.00, CHCl3) [lit14 [α]D

23= 

+10.35 (c 1.2,CHCl3), S-isomer]; 1H NMR (400 MHz, CDCl3): δ = 7.32-7.27 (m, 2H), 

7.24-7.18 (m, 3H), 3.31-3.22 (m, 1H), 2.67 (dd, J = 15.6, 6.8 Hz, 1H), 2.57 (dd, J = 

15.6, 8.4 Hz, 1H), 1.31 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 4a was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 214 nm, tR = 11.8 min (minor), 13.8 

min (major). 

3-(o-tolyl)butanoic acid, 4b5 
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>99% conv., yellowish oil, 16% ee; [α]D
20 = +8.8 (c 1.00, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ = 7.18-7.07 (m, 4H), 3.57-3.48 (m, 1H), 2.67 (dd, J = 15.6, 6.4 Hz, 

1H), 2.55 (dd, J = 15.6, 8.4 Hz, 1H), 2.36 (s, 3H), 1.27 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 4b was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 0.5 mL/min, uv-vis detection at  = 214 nm, tR = 16.5 min (major), 17.8 

min (minor). 

3-(m-tolyl)butanoic acid, 4c5 

 

>99% conv., yellowish oil, 95% ee; [α]D
20 = +48.9 (c 1.10, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ = 7.20-7.16 (m, 1H), 7.02-7.00 (m, 3H), 3.27-3.18 (m, 1H), 2.66 (dd, 

J = 15.2, 6.4 Hz, 1H), 2.55 (dd, J = 15.6, 8.4 Hz, 1H), 2.33 (s, 3H), 1.30 (d, J = 7.2 Hz, 

3H). 

The enantiomeric excess of 4c was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 0.5 mL/min, uv-vis detection at  = 214 nm, tR = 19.1 min (minor), 22.0 

min (major). 

(S)-3-(p-tolyl)butanoic acid, (S)-4d 

 

>99% conv., yellowish solid, M.P. 93-94 °C, 94% ee; [α]D
20 = +49.8 (c 1.00, CHCl3) 

[lit15 [α]D
20= +34.2 (c1.00, CHCl3) for 99% ee, S-isomer]; 1H NMR (400 MHz, 

CDCl3): δ = 7.11 (s, 4H), 3.28-3.19 (m, 1H), 2.66 (dd, J = 15.2, 6.8 Hz, 1H), 2.55 (dd, 

J = 15.6, 8.4 Hz, 1H), 2.31 (s, 3H),1.29 (d, J = 7.2 Hz, 3H). 
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The enantiomeric excess of 4d was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 :1, 

flow rate = 0.5 mL/min, uv-vis detection at  = 214 nm, tR = 21.6 min (minor), 22.8 

min (major). 

3-(4-fluorophenyl)butanoic acid, 4e5 

 

>99% conv., yellowish oil, 94% ee; [α]D
20 = +41.3 (c 1.00, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ = 7.19-7.15 (m, 2H), 7.00-6.95 (m, 2H), 3.30-3.21 (m, 1H), 2.62 (dd, 

J = 15.6, 7.2 Hz, 1H), 2.56 (dd, J = 15.6, 8.0 Hz, 1H), 1.29 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 4e was determined by chiral HPLC analysis on Chiralpak 

OD-Hcolumn after esterification with CH2N2. Conditions: hexane/isopropanol = 

99.5 :0.5, flow rate = 0.5 mL/min, uv-vis detection at  = 214 nm, tR = 13.7 min 

(minor), 14.4min (major). 

(S)-3-(naphthalen-1-yl)butanoic acid, (S)-4f 

 

>99% conv., yellowish solid, M.P. 108-109 °C, 59% ee; [α]D
20 = +10.9 (c 1.20, CHCl3) 

[lit5 [α]D
20= -9.5 (c0.6, CHCl3) for 98% ee, R-isomer]; 1H NMR (400 MHz, CDCl3): δ 

= 8.15 (d, J = 8.0 Hz, 1H), 7.86-7.84 (m, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.55-7.36 (m, 

4H), 4.20-4.10 (m, 1H), 2.89 (dd, J = 15.2, 5.2 Hz, 1H), 2.65 (dd, J = 15.6, 9.2 Hz, 

1H), 1.46 (d, J = 7.2 Hz, 3H). 

The enantiomeric excess of 4f was determined by chiral HPLC analysis on Chiralpak 

OJ column after esterification with CH2N2. Conditions: hexane/isopropanol = 99 : 1, 

flow rate = 1.0 mL/min, uv-vis detection at  = 230 nm, tR = 13.7 min (minor), 15.4 

min (major). 

3-(6-methoxynaphthalen-2-yl)butanoic acid, 4g16 
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>99% conv., yellowish solid, M.P. 140-142 °C, 97% ee; [α]D
20 = +47.8 (c 1.10, 

CHCl3); 
1H NMR (400 MHz, CDCl3): δ = 7.69-7.66 (m, 2H), 7.57 (d, J = 1.2 Hz, 

1H),7.33-7.31 (m, 1H), 7.14-7.09 (m, 2H), 3.90 (s, 3H), 3.44-3.35 (m, 1H), 2.74 (dd, J 

= 15.2, 7.2 Hz, 1H), 2.63 (dd, J = 15.6, 8.0 Hz, 1H), 1.37 (d, J = 6.8 Hz, 3H). 

The enantiomeric excess of 4g was determined by chiral HPLC analysis on Chiralpak 

IC-3 column after esterification with CH2N2. Conditions: hexane/isopropanol = 90 :10, 

flow rate = 0.5 mL/min, uv-vis detection at  = 254 nm, tR = 15.0 min (minor), 15.8 

min (major). 

6 Reference 

1 K. Dong, Z. Wang, K. Ding, J. Am. Chem. Soc., 2012, 134, 12474. 
2 X.-B. Jiang, A. J. Minnaard, B. Hessen, B. L. Feringa, A. L. L. Duchateau, J. G. O. 
Andrien, J. A. F. Booger, J. G. de Vries, Org. Lett., 2003, 5, 1503. 

3 L. Xin, R. P. Justin, S. Jeffrey, J. Am. Chem. Soc., 2004, 126, 3070. 
4 (a) S. Ghosh, S. N. Pardo, R. G. Salomon, J. Org. Chem., 1982, 47, 4693; (b) F. X. 
Felpin, K. Miqueu, J. M. Sotiropoulos, E. Fouquet, O. Ibarguren, J. Laudien, Chem. 
Eur. J., 2010, 16, 5191; (c) M. Kuchar, B. Brunova, V. Rejholc, M. Jelinkova, J. 
Holubek, O. Nemecek, Collect. Czech. Chem. Commun., 1984, 49, 122. 

5 X. Sun, L. Zhou, C.-J. Wang, X. Zhang, Angew. Chem. Int. Ed., 2007, 46, 2623. 
6 S.-F. Zhu, Y.-B. Yu, S. Li, L.-X. Wang, Q.-L. Zhou, Angew. Chem. Int. Ed., 2012, 51, 
8872. 

7 E. Boyd, E. Coulbeck, G. S. Coumbarides, S. Chavda, M. Dingjan, J. Eames, A. 
Flinn, M. Motevalli, J. Northend, Y. Yohannes, Tetrahedron: Asymmetry, 2007, 18, 
2515. 

8 Z.-L. Wu, Z.-Y. Li, Tetrahedron: Asymmetry, 2001, 12, 3305. 
9 O. Hiromichi, Jpn. Kokai Tokkyo Koho, 1993, JP 05176778 A 19930720. 
10 P. C. B. Page, M. J. McKenzie, S. M. Allin, S. S. Klair, Tetrahedron, 1997, 53, 

13149. 
11 O. Piccolo, F. Spreafico, G. Visentin, J. Org. Chem., 1987, 52, 10. 
12 A. E. Allen, J. Am. Chem. Soc., 2011, 133, 4260. 
13 A. Moriconi, M. C. Cesta, M. N. Cervellera, A. Aramini, S. Coniglio, S. Colagioia, 
A. R. Beccari, C. Bizzarri, M. R. Cavicchia, M. Locati, J. Med. Chem., 2007, 50, 
3984. 

14 E. J. Corey, F. J. Hannon, N. W. Boaz, Tetrahedron, 1989, 45, 545. 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014



15 

 

15 A. Kamal, Tetrahedron: Asymmetry, 2009, 20, 1267. 
16 B. Belleau, J. Am. Chem. Soc., 1951, 73, 5443. 

  

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014



16 

 

7 HPLC of the hydrogenation products and derivatives 

(S)-2-(6-methoxynaphthalen-2-yl)propanoic acid, (S)-2a 
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(S)-2-phenylpropanoic acid, (S)-2b 
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(R)-2-(2-chlorophenyl)propanoic acid, (R)-2c 
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(S)-2-(3-chlorophenyl)propanoic acid, (S)-2d 

COOH
Cl
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(S)-2-(4-chlorophenyl)propanoic acid, (S)-2e 
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(R)-2-(p-tolyl)propanoic acid, (R)-2f 
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(R)-2-(4-methoxyphenyl)propanoic acid, (R)-2g 
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(R)-2-(4-fluorophenyl)propanoic acid, (R)-2h 
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(R)-2-(4-(trifluoromethyl)phenyl)propanoic acid, (R)-2i 
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(R)-2-(naphthalen-1-yl)propanoic acid, (R)-2j 
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(R)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoic acid, (R)-2k 
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(R)-2-(4-isobutylphenyl)propanoic acid, (R)-2l 

COOH
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(R)-2-(3-benzoylphenyl)propanoic acid, (R)-2m 
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(-)-2-(3-(thiophene-2-carbonyl)phenyl)propanoic acid, (-)-2n 
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(R)-2-methyl-3-phenylpropanoic acid, (R)-2o 
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(S)-3-phenylbutanoic acid, (S)-4a 
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(+)3-(o-tolyl)butanoic acid, (+)-4b 
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(+)-3-(m-tolyl)butanoic acid, (+)-4c 
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(S)-3-(p-tolyl)butanoic acid, (S)-4d 
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(+)-3-(4-fluorophenyl)butanoic acid, (+)-4e 
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(S)-3-(naphthalen-1-yl)butanoic acid, (S)-4f 
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(+)-3-(6-methoxynaphthalen-2-yl)butanoic acid, (+)-4g 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


