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I. General Remarks   

All reactions and manipulations which are sensitive to moisture or air were performed in an 

argon-filled glove box or using standard Schlenk techniques. Hydrogen gas (99.999%) was 

purchased from Shanghai Regulator Factory Co., Ltd. -alkyl cinnamic acid derivatives were 

synthesized according to the literature.1-2 Anhydrous THF, 1,4-dioxane and toluene  was  distilled  

from  sodium benzophenone ketyl. Anhydrous i-PrOH, EA, CH2Cl2 were freshly distilled from 

calcium hydride. Anhydrous MeOH and EtOH were freshly distilled from Mg. Anhydrous 

CF3CH2OH were purchased from Sigma-Aldrich. Solvents were transferred by syringe. 

[Ir(COD)Cl]2 was prepared according to the literature.3-4 The synthesis of  Ir complexs 6a-6d were 

based on the article.5 1H, 13C and 31P NMR spectra were recorded with a Bruker ADVANCE III 

(400 MHz, 500 MHz) spectrometer with CDCl3 as the solvent and tetramethylsilane (TMS) as the 

internal standard. Chemical shifts are reported in parts per million (ppm, δ scale) downfield from 

TMS at 0.00 ppm and referenced to the CDCl3 at 7.26 ppm (for 1H NMR) or 77.3 ppm (for 13C 

NMR). Data are reported as: multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet), coupling constant in hertz (Hz) and signal area integration in natural numbers. 13C NMR 

and 31P NMR analyses were run with decoupling. Optical rotations [α]D were determined  using a 

PERKIN ELMER polarimeter 343 instrument. The absolute configuration was assigned by 

comparison of the corresponding chiral carboxylic acids (8a-8c, 8e-8h, 8l-8n, 8p-8r) with the 

optical rotation datas that reported in the literature,6 the absolute configuration of others were 

assigned by analogy. GC analyses were performed using SHIMADZU Lab Solution instrument. 

HPLC analyses were performed using Daicel chiral column.  

 

Ⅱ. General procedure for synthesis of Ligands.  

 

(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-(3,5-di-tert-butylphenyl)-4,5-dihydrooxazole (4a) 
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2-(tert-Butyl-dimethyl-silanyloxy)-(1R)-(2-iodo-phenyl)-ethylamine 2 and various 2-

iodophenyl oxazole compounds 3 were prepared according to the procedure of literature.7 To a 

solution of (2-bromophenyl)boronic acid (0.11 g, 0.6 mmol), (S)-2-(3,5-di-tert-butylphenyl)-4-(2-

iodophenyl)-4,5-dihydrooxazole 3a (0.23 g, 0.5 mmol), PPh3 (11.1 mg, 0.0425 mmol) and 0.625 

mL K2CO3 (2 M in deionized water) in 0.6 mL DME (dimethoxyethane)was added Pd(OAc)2 (2.25 

mg). The resulting mixture was purged with argon and refluxed for overnight. The reaction was 

cooled to room temperature and diluted with CH2Cl2/H2O (10 mL/10 mL). The phases were 

separated and the aqueous phase was extracted with CH2Cl2 (2 x10 mL). The combined organic 

layers were dried over Na2SO4, filtered and concentrated in vacuo. After a flash chromatography on 

silica-gel column (Ethyl acetate/petroleum ether = 1/100 to 1/50), (S)-4-(2'-bromo-[1,1'-biphenyl]-

2-yl)-2-(3,5-di-tert-butyl 

phenyl)-4,5-dihydrooxazole (4a) was obtained with 75% yield. 4b-4d were obtained in the 

procedure with moderate yields as white solid. 4a: [α]D
25 = -9.9 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.87-7.85 (m, 2H), 7.68-7.66 (m, 1H), 7.58-7.26 (m, 6H), 7.26-7.24 (m, 1H), 7.17-

7.15 (m, 1H), 5.26-5.18 (m, 1H), 4.54-4.49 (m, 0.7H), 4.27 (t, J = 8.8 Hz, 1H), 3.99-3.95 (m, 0.3H), 

1.36 (s, 9H), 1.35 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 165.9, 151.22, 151.19, 141.84, 141.79, 

141.3, 140.97, 140.01, 139.8, 133.2, 132.8, 131.7, 131.6, 129.7, 129.50, 129.45, 129.1, 128.9, 127.7, 

127.4, 127.3, 127.1, 126.9, 126.6, 126.02, 125.96, 124.2, 124.0, 122.98, 122.94, 75.2, 74.6, 67.9, 

67.2, 35.2, 31.7. HRMS (ESI) Calcd for C29H33ON81Br = 492.17196, Found: 492.17111. 

 

(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-phenyl-4,5-dihydrooxazole (4b) 

This compound was produced by the same method used for 4a as white oil, 70% yield, [α]D
25 

= -18.0 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.03-7.99 (m, 2H), 7.68-7.65 (m, 1H), 7.54-

7.13 (m, 11H), 5.28-5.18 (m, 1H), 4.57-4.52 (m, 0.6H), 4.30-4.26 (m, 1H), 4.00-3.95 (m, 0.4H). 13C 

NMR (101 MHz, CDCl3) δ 165.2, 165.1, 141.8, 141.7, 141.1, 140.8, 140.1, 139.8, 133.1, 132.7, 

131.7, 131.6, 129.71, 129.66, 129.52, 129.46, 129.2, 129.0, 128.9, 128.67, 128.64, 128.60, 128.58, 

127.81, 127.78, 127.75, 127.43, 127.39, 127.37, 127.0, 126.8, 126.5, 124.2, 124.0, 75.4, 75.1, 74.8, 

70.4, 67.8, 67.1.  

 

(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-(tert-butyl)-4,5-dihydrooxazole (4c) 

javascript:void(0);
javascript:void(0);
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This compound was produced by the same method used for 4a as a white oil, 72% yield, [α]D
25 

= 5.1 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.67-7.63 (m, 1H), 7.45-7.27 (m, 5H), 7.26-

7.10 (m, 2H), 5.06-4.95 (m, 1H), 4.35-4.30 (m, 0.7H), 4.09-4.03 (m, 1H), 3.77-3.73 (m, 0.3H), 1.28 

(s, 9H). 13C NMR (101 MHz, CDCl3) δ 175.8, 175.6, 141.9, 141.8, 141.5, 141.2, 139.9, 139.7, 133.1, 

132.7, 131.7, 131.6, 129.6, 129.43, 129.39, 129.1, 128.8, 127.7, 127.3, 127.22, 127.17, 126.3, 125.9, 

124.2, 123.9, 75.4, 74.8, 67.0, 66.4, 33.7, 33.6, 28.2.  

 

(S)-4-(2'-benzhydryl-[1,1'-biphenyl]-2-yl)-2-(3,5-di-tert-butylphenyl)-4,5-dihydrooxazole (5a) 

To a suspension of (S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-(3,5-di-tert-butylphenyl)- 4,5-di- 

hydrooxazole (4a) (98 mg, 0.2 mmol) and Tetramethylethylenediamine (34.8 mg, 0.3 mmol) in 

1.5mL Et2O at -78˚C was added n-BuLi (2 M solution in hexane, 0.2ml) dropwise. The resulting 

deep blue solution was stirred at -78 ˚C for 1.5 hour before ClPPh2 (88 mg, 0.4 mmol) was added at 

the same temperature. The reaction mixture was allowed to warm to rt naturally and stirred overnight. 

After removing the solvent under reduced pressure, the product 5a was isolated by flash column 

chromatography (hexane:EtOAc = 100:1) as a white solid (71.8 mg, 60%). 5a: [α]D
25 = -37.0 (c = 

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.90-7.85 (m, 2H), 7.57-7.56 (m, 1H), 7.46-7.26 (m, 

11H), 7.25-7.15 (m, 6H), 6.74-6.69 (m, 1H), 5.46-5.41 (m, 0.3H), 5.30-5.25 (m, 0.7H), 4.33- 4.23 

(m, 1.7H), 4.04-4.00 (m, 0.3H), 1.37 (s, 9H), 1.35 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 165.7, 

151.2, 146.6, 140.9, 137.4, 137.1, 134.4, 134.3, 134.2, 134.1, 133.9, 130.9, 130.8, 129.2, 129.0, 

128.83, 128.79, 128.7, 128.64, 128.57, 128.5, 128.3, 128.0, 127.3, 126.6, 126.5, 125.9, 123.03, 

122.95, 67.1, 35.2, 31.7. 31P NMR (162 MHz, CDCl3) δ -14.1, -14.9. HRMS (ESI) Calcd for C 

41H43ONP = 596.30768, Found: 596.30634. 

 

(S)-4-(2'-(diphenylphosphanyl)-[1,1'-biphenyl]-2-yl)-2-phenyl-4,5-dihydrooxazole (5b) 

White solid, 65% yield, [α]D
25 = -40.7 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.04-

7.98 (m, 2H), 7.50-7.29 (m, 14H), 7.19-7.11 (m, 6H), 6.80-6.70 (m, 1H), 5.43-5.40 (m, 0.3H), 5.29-

5.23 (m, 0.7H), 4.32-4.23 (m, 1.7H), 4.05-4.01 (m, 0.3H). 13C NMR (101 MHz, CDCl3) δ 164.9, 

146.8, 146.5, 140.8, 140.7, 140.0, 139.9, 137.4, 137.3, 137.2, 137.0, 136.0, 134.5, 134.4, 134.3, 

134.2, 134.12, 134.06, 133.92, 133.87, 131.7, 131.6, 130.9, 130.8, 129.2, 129.0, 128.9, 128.8, 

128.73, 128.66, 128.59, 128.57, 128.5, 128.4, 128.1, 128.0, 127.9, 126.6, 126.5, 126.2, 100.2, 75.2, 



 5 / 84 
 

75.1, 75.0, 68.3, 67.1. 31P NMR (162 MHz, CDCl3) δ -13.9, -14.8. HRMS (ESI) Calcd for 

C33H27ONP = 484.18248, Found: 484.18137. 

 

(S)-2-(tert-butyl)-4-(2'-(diphenylphosphanyl)-[1,1'-biphenyl]-2-yl)-4,5-dihydrooxazole (5c) 

White solid, 60% yield, [α]D
25 = -7.4 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.43-

7.20 (m, 11H), 7.20-7.03 (m, 5H), 7.00-6.90 (m, 1H), 6.65-6.60 (m, 1H), 5.22-5.07 (m, 1H), 4.16-

4.07 (m, 1.8H), 3.83-3.79 (m, 0.2H), 1.29-1.28 (m, 9H). 13C NMR (101 MHz, CDCl3) δ 175.4, 146.9, 

146.5, 141.2, 141.0, 139.8, 139.7, 137.6, 137.5, 137.1, 137.0, 136.9, 134.4, 134.3, 134.2, 134.1, 134.0, 

133.9, 133.8, 130.8, 130.8, 130.7, 130.6, 129.1, 129.0, 128.8, 128.75, 128.7, 128.66, 128.6, 128.5, 128.42, 

128.35, 128.3, 128.0, 127.94, 126.3, 126.0, 125.7, 75.2, 75.1, 75.0, 67.5, 66.4, 33.7, 33.6, 28.3. 31P NMR 

(162 MHz, CDCl3) δ -14.2, -14.9. HRMS (ESI) Calcd for C31H31ONP = 464.21378, Found: 

464.21285. 

 

(S)-2-(3,5-di-tert-butylphenyl)-4-(2'-(dicyclohexylphosphanyl)-[1,1'-biphenyl]-2-yl)-4,5-

dihydrooxazole (5d) 

White solid, 64% yield, [α]D
25 = -21.3 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.92-

7.87 (m, 2H), 7.66 -7.30 (m, 7H), 7.28-7.09 (m, 2H), 5.37-5.19 (m, 1H), 4.61-4.43 (m, 1H), 4.18-

3.93 (m, 1H), 1.75-1.65 (m, 10H), 1.38 (s, 9H), 1.37 (m, 9H), 1.26-0.86 (m, 12H). 13C NMR (101 

MHz, CDCl3) δ 165.4, 165.0, 151.1, 148.5, 141.2, 135.2, 135.0, 133.1, 133.0, 132.8, 131.8, 130.7, 

129.3, 129.24, 129.17, 128.7, 128.6, 128.4, 128.1, 127.5, 127.3, 127.1, 126.9, 126.4, 126.3, 126.2, 

125.9, 125.7, 123.01, 122.97, 68.3, 68.2, 66.9, 35.9, 35.7, 35.6, 35.4, 35.2, 33.8, 33.7, 33.3, 33.2, 

31.7, 30.4, 29.8, 27.9, 27.8, 27.5, 26.8, 26.7. 31P NMR (162 MHz, CDCl3) δ -12.2, -12.9. HRMS 

(ESI) Calcd for C41H55ONP = 608.40158, Found: 608.40021. 

 

Synthesis of [Ir(L)COD]BArF complex 6a-6d 
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Under N2 atmosphere, ligand 5a (110.8 mg, 0.186 mmol) and [Ir(COD)Cl]2 (62.5 mg, 0.093 

mmol) were dissolved in CH2Cl2. After stirring at rt for 1h, when TLC indicated that ligand was 

consumed completely, NaBArF (247.3 mg, 0.279 mmol) and H2O (1.0 mL) were added successively. 

After vigorously stirring at the same temperature for 30 minutes, the mixture was diluted with DCM 

(30 mL) and washed with brine. The organic layer was dried with anhydrous Na2SO4 and 

concentrated in vacuo to afford the crude product. After chromatography on silica-gel column 

(hexane: CH2Cl2 = 1:1), the corresponding Ir complex 6a-6d were obtained. 

 

[Ir(L)COD]BArF complex 6a 

Orange solid, 50% yield, [α]D
25 = -104.1 (c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.90 

(s, 1H), 7.72 (s, 7H), 7.59-7.57 (m, 1H), 7.52 (s, 6H), 7.45-7.00 (m, 12H), 6.79 (s, 1H), 6.44-6.40 

(m, 2H), 5.75-5.74 (m, 1H), 5.61 (s, 1H), 5.43-5.41 (m, 1H), 4.79-4.75 (m, 1H), 4.55 (s, 1H), 4.45-

4.42 (m, 1H), 3.25 (s, 1H), 2.96 (s, 1H), 2.45 (s, 1H), 2.23-2.21 (m, 2H), 2.17-2.07 (m, 1H), 1.98 (s, 

1H), 1.71-1.57 (m, 6H), 1.39 (s, 18H). 13C NMR (126 MHz, CDCl3) δ 172.0, 162.6, 162.2, 161.8, 

161.4, 152.4, 143.6, 143.5, 139.6, 136.1, 136.0, 135.1, 135.0, 134.5, 133.6, 133.5, 132.6, 132.5, 

131.8, 131.7, 131.6, 131.5, 131.4, 130.4, 130.2, 130.0, 129.5, 129.3, 129.2, 129.1, 128.8, 128.7, 

128.6, 128.1, 127.5, 127.1, 125.9, 124.6, 123.8, 123.6, 121.6, 117.7, 91.4, 91.3, 83.1, 83.0, 75.2, 

73.6, 73.1, 61.8, 35.4, 33.3, 31.6, 31.5, 30.4, 29.6, 28.6. 31P NMR (202 MHz, CDCl3) δ 20.0. HRMS 

(ESI) Calcd for C49H54ONIrP [M-BArF]+ = 896.35668, Found: 896.35588. 

 

[Ir(L)COD]BArF complex 6b 

Orange solid, 45% yield, [α]D
25 = -62.1 (c = 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.40 

-8.25 (m, 2H), 7.81 (t, J = 7.5 Hz, 1H), 7.72 (s, 7H), 7.60-7.45 (m, 6H), 7.44-7.33 (m, 2H), 7.31-

7.28 (m, 2H), 7.26 (s, 1H), 7.25-7.17 (m, 6H), 7.14-7.10 (m, 1H), 7.04-7.00 (m, 1H), 6.69-6.62 (m, 

3H), 5.75 (d, J = 7.3 Hz, 1H), 5.57-5.45 (m, 1H), 5.37-5.35 (m, 1H), 4.85-4.80 (m, 1H), 4.45-4.40 

(m, 1H), 4.39-4.22 (m, 1H), 3.25-3.08 (m, 1H), 2.95-2.91 (m, 1H), 2.30 – 2.15 (m, 4H), 1.87-1.82 

(m, 3H), 1.77-1.65 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 169.6, 162.2, 161.7, 161.2, 143.2, 139.2, 

136.0, 135.9, 135.1, 134.8, 134.1, 133.8, 133.7, 132.0, 131.6, 131.5, 131.3, 130.3, 129.9, 129.4, 

129.3, 129.0, 128.9, 128.8, 128.3, 127.8, 126.2, 124.0, 123.5, 120.9, 117.7, 91.5, 91.4, 84.2, 77.6, 

75.5, 74.3, 73.3, 60.8, 33.96, 32.0, 30.3, 30.0, 28.1, 27.2, 23.0, 14.4. 31P NMR (162 MHz, CDCl3) 
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δ 17.7. HRMS (ESI) Calcd for C41H38ONIrP [M-BArF]+ = 784.23257, Found: 784.23046. 

  

[Ir(L)COD]BArF complex 6c 

Orange solid, 47% yield, [α]D
25 = -13.9 (c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.74 

(s, 7H), 7.68 – 7.59 (m, 1H), 7.60 – 7.38 (m, 9H), 7.36 – 7.06 (m, 9H), 6.62 (d, J = 6.6 Hz, 1H), 

5.85 (d, J = 7.4 Hz, 1H), 5.32 (s, 1H), 5.14 (t, J = 11.3 Hz, 1H), 4.66 (t, J = 10.1 Hz, 1H), 4.08 (t, J 

= 10.0 Hz, 2H), 3.05-2.97 (m, 2H), 2.30-2.20 (m, 2H), 2.07-2.04 (m, 2H), 1.86-1.77 (m, 2H), 1.67-

1.46 (m, 6H), 1.34 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 180.4, 162.6, 162.2, 161.8, 138.6, 135.7, 

135.6, 135.1, 134.9, 134.1, 134.0, 133.3, 132.2, 131.8, 131.6, 131.4, 130.9, 130.5, 130.1, 129.9, 

129.4, 129.3, 129.0, 128.7, 128.5, 126.9, 126.5, 125.9, 123.8, 121.6, 117.7, 92.2, 83.8, 75.2, 74.2, 

71.9, 59.9, 34.6, 32.9, 32.2, 30.7, 30.0, 28.7, 28.0. 31P NMR (202 MHz, CDCl3) δ 17.2. HRMS (ESI) 

Calcd for C39H42ONIrP [M-BArF]+ = 764.26387, Found: 764.26172. 

 

[Ir(L)COD]BArF complex 6d 

Orange solid, 43% yield, [α]D
25 = -50.9 (c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.75-

7.70 (m, 8H), 7.62-7.51 (m, 8H), 7.31-7.30 (m, 1H), 7.18-7.14 (m, 2H), 5.60-5.55 (m, 1H), 5.29 (s, 

3H), 5.00 (s, 1H), 4.59-4.50 (m, 2H), 4.14-4.05 (m, 4H), 3.97 (s, 1H), 3.63 (s, 1H), 2.36 (brs, 1H), 

2.22 (brs, 1H), 2.19-1.89 (m, 2H), 1.64-1.48 (m, 14H), 1.46 – 1.33 (m, 18H), 1.27-0.75 (m, 10H). 

13C NMR (126 MHz, CDCl3) δ 172.2, 171.5, 162.6, 162.2, 161.8, 161.4, 152.2, 135.1, 133.1, 133.0, 

132.6, 132.3, 131.3, 130.5, 130.0, 129.6, 129.3, 129.0, 128.7, 128.3, 128.2, 128.1, 125.9, 124.5, 

123.9, 123.8, 117.7, 86.7, 74.2, 73.1, 66.0, 60.7, 58.9, 53.7, 39.3, 35.4, 33.1, 31.6, 31.5, 31.1, 31.05, 

30.0, 29.6, 29.1, 29.0, 28.0, 27.95, 27.9, 27.8, 27.5, 27.1, 26.0, 21.3, 14.5. 31P NMR (202 MHz, 

CDCl3) δ 15.6. HRMS (ESI) Calcd for C49H66ONIrP [M-BArF]+ = 908.45167, Found: 908.45001. 

 

Ⅲ. General procedure for asymmetric hydrogenation. 

α-substituted cinnamic acid (0.2 mmol) and Ir-complex 6 (0.2 µmol) was dissolved in EtOH 

(1 mL). This solution was then transferred into an autoclave. The hydrogenation was performed at 

room temperature under 30 bar of H2 (or under reaction conditions described in Table 1 and Table 

2). After carefully releasing the hydrogen, the reaction mixture was directly passed through a short 

silica gel column and flashed with EA. And then, the hydrogenation product in MeOH was slowly 
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added (Trimethylsilyl)diazomethane. Half an hour later, the reaction system was concentrated in 

vacuo to afford the corresponding methyl ester was directly used for chiral HPLC or GC analysis to 

measure the enantiomeric excess and for NMR to measure the conversion.  

 

(R)-2-methyl-3-phenylpropanoic acid 8a 6a 

 Colorless oil, 98% yield; 97% ee, [α]D
25 = -12.6 (c = 1, CHCl3).6 HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 18.9 min (major), 21.3 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.31-7.27 (m, 2H), 7.23-7.18 (m, 3H), 3.10-3.05 (m, 1H), 2.79-2.73 (m, 1H), 2.69-

2.64 (m, 1H), 1.17 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 182.5, 139.3, 129.3, 128.7, 

126.7, 41.5, 39.6, 16.7. 

 

(R)-2-methyl-3-(o-tolyl)propanoic acid 8b 6a 

Colorless oil, 96% yield, 94% ee, [α]D
25 = -11.2 (c = 0.5, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak IB column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 205 nm; tR = 9.7 min (major), 11.4 min (minor). 1H NMR (400 

MHz, CDCl3) δ 9.81 (brs, 1H), 7.13 (s, 4H), 3.13-3.08 (m, 1H), 2.77-2.72 (m, 1H), 2.67-2.32 (m, 

1H), 2.32 (s, 3H), 1.19 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 183.2, 137.6, 136.6, 

130.7, 129.9, 126.8, 126.2, 40.3, 36.8, 19.7, 16.9. 

 

(R)-2-methyl-3-(p-tolyl)propanoic acid 8c 6a 

Colorless oil, 96% yield, 95% ee, [α]D
25 = - 4.2 (c = 1.0, acetone). .HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 17.5 min (major), 18.2 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.17-6.98 (m, 4H), 3.05-3.01 (m, 1H), 2.76-2.69 (m, 1H), 2.68-2.58 (m, 1H), 2.31 

(s, 3H), 1.15 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 182.9, 136.3, 136.1, 129.4, 129.2, 
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41.7, 39.2, 21.3, 16.7. 

 

(R)-3-(3,4-dimethylphenyl)-2-methylpropanoic acid 8d 

Colorless oil, 95% yield; 94% ee, [α]D
25 = -6.5 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak OD-H column, hexane/isopropanol = 99:1, 

flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 9.6 min (minor), 10.2 min (major).  1H NMR 

(400 MHz, CDCl3) δ 7.05-7.03 (m, 1H), 6.95-6.90 (m, 2H), 3.04-2.99 (m, 1H), 2.75-2.69 (m, 1H), 

2.60-2.54 (m, 1H), 2.22 (s, 6H), 1.15 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 182.7, 

136.79, 136.75, 134.8, 130.6, 129.9, 126.6, 39.2, 30.0, 20.0, 19.6, 16.8. 

 

(R)-3-(2-methoxyphenyl)-2-methylpropanoic acid 8e 6a 

Colorless oil, 97% yield; 95% ee; [α]D
25 = -20.1 (c = 1.0, acetone), HPLC 

condition for corresponding methyl ester: Chiralpak OD-H column, hexane/isopropanol = 99:1, 

flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 35.5 min (minor), 37.3 min (major). 1H NMR 

(400 MHz, CDCl3) δ 7.22-7.18 (m, 1H), 7.12 (d, J = 6.5 Hz, 1H), 6.89-6.83 (m, 2H), 3.80 (s, 3H), 

3.07-3.02 (m, 1H), 2.88-2.81 (m, 1H), 2.72-2.67 (m, 1H), 1.16 (d, J = 6.8 Hz, 3H).13C NMR (101 

MHz, CDCl3) δ 183.2, 157.9, 131.2, 128.0, 127.7, 120.5, 110.4, 55.4, 39.6, 34.5, 17.1. 

 

(R)-3-(3-methoxyphenyl)-2-methylpropanoic acid 8f 6a 

Colorless oil, 96% yield, 94% ee, [α]D
25 = -5.4 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 21.7 min (major), 22.8 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.23-7.19 (m, 1H), 6.79-6.74 (m, 3H), 3.79 (s, 3H), 3.08-3.04 (m, 1H), 2.80-2.75 

(m, 1H), 2.67-2.62 (m, 1H), 1.18 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 159.8, 140.9, 

129.7, 121.7, 115.0, 112.0, 55.4, 39.6, 16.8. 
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(R)-3-(4-methoxyphenyl)-2-methylpropanoic acid 8g 6a 

Colorless oil, 95% yield, 96% ee, [α]D
25 = -4.7 (c = 1.0, acetone). 

HPLC condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 

99:1, flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 29.9 min (minor), 31.5 min (major). 1H 

NMR (400 MHz, CDCl3) δ 7.10 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 3.79 (s, 3H), 3.03-

2.98 (m, 1H), 2.75-2.68 (m, 1H), 2.65-2.59 (m, 1H), 1.17 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 182.7, 158.4, 131.4, 130.2, 114.0, 55.5, 41.9, 38.8, 16.7. 

 

(R)-2-methyl-3-(3,4,5-trimethoxyphenyl)propanoic acid 8h 6b 

White solid, mp 116−118 oC, 98% yield, 93% ee, [α]D
25 = -11.8 (c = 1.0, 

acetone). HPLC condition for corresponding methyl ester: Chiralpak AD-H column, 

hexane/isopropanol = 99:1, flow rate = 0.5 mL/min; UV detection at 205 nm; tR = 37.2 min (major), 

40.5 min (minor). 1H NMR (400 MHz, CDCl3) δ 6.40 (s, 2H), 3.84-3.83 (m, 9H), 3.05-3.00 (m, 1H), 

2.78-2.73 (m, 1H), 2.62-2.57 (m, 1H), 1.19 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

182.4, 153.3, 136.7, 135.1, 106.1, 61.1, 56.3, 41.7, 40.0, 16.9. 

 

(R)-3-(2-fluorophenyl)-2-methylpropanoic acid 8i 

Colorless oil, 94% yield, 94% ee, [α]D
25 = -20.8 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak AS-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 9.1 min (minor), 10.0 min (major). 1H NMR (400 

MHz, CDCl3) δ 7.24-7.18 (m, 2H), 7.08-7.00 (m, 2H), 3.09-3.04 (m, 1H), 2.85-2.74 (m, 2H), 1.20 

(d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.6 (d, J = 243.8 Hz), 131.6 (d, J = 4.7 Hz), 

128.6 (d, J = 8.1 Hz), 126.2 (d, J = 15.6 Hz), 124.2 (d, J = 3.5 Hz), 115.6 (d, J = 21.9 Hz), 40.1, 

32.8, 16.9. 
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(R)-3-(3-fluorophenyl)-2-methylpropanoic acid 8j 

 Colorless oil, 97% yield, 93% ee, [α]D
25 = -5.3 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak AS-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 9.6 min (minor), 10.8 min (major). 1H NMR (400 

MHz, CDCl3) δ 9.94 (brs, 1H), 7.27-7.21 (m, 1H), 7.96-6.88 (m, 3H), 3.08-3.03 (m, 1H), 2.879-

2.63 (m, 2H), 1.17 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 182.6, 163.1 (d, J = 244.0 

Hz), 141.8 (d, J = 7.3 Hz), 130.1 (d, J = 8.3 Hz), 124.9 (d, J = 2.7 Hz), 116.1 (d, J = 20.9 Hz), 113.6 

(d, J = 20.9 Hz), 41.4, 39.2, 16.8. 

 

(R)-3-(4-fluorophenyl)-2-methylpropanoic acid 8k 

 Colorless oil, 96% yield, 94% ee, [α]D
25 = -11.9 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak AS-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 9.8 min (minor), 10.8 min (major). 1H NMR (400 

MHz, CDCl3) δ 7.16-7.12 (m, 2H), 7.00-6.95 (m, 3H), 3.05-3.00 (m, 1H), 2.76-2.63 (m, 2H), 1.18 

(d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 181.9, 161.7 (d, J = 242.8 Hz), 134.9, 130.7 (d, 

J = 7.8 Hz), 115.5 (d, J = 21.1 Hz), 41.6, 38.7, 16.8. 

 

(R)-3-(4-chlorophenyl)-2-methylpropanoic acid 8l 6a 

 Colorless oil, 96% yield, 90% ee, [α]D
25 = -18.7 (c = 1.0, acetone). 

HPLC condition for corresponding methyl ester: Chiralpak AS-H column, hexane/isopropanol = 

99:1, flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 10.1 min (minor), 11.7 min (major). 1H 

NMR (400 MHz, CDCl3) δ 7.26 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 3.05-3.00 (m, 1H), 

2.76-2.63 (m, 2H), 1.18 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 138.0, 132.4, 130.6, 

128.8, 41.8, 39.0, 16.9. 

 

(R)-3-(4-bromophenyl)-2-methylpropanoic acid 8m 6a 
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 Colorless oil, 95% yield; 90% ee; [α]D
25 = -10.9 (c = 1.0, CHCl3). HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 16.9 min (major), 17.7 min (minor). 1H NMR (400 

MHz, CDCl3) δ 7.41 (d, J = 8.2 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 3.03-2.98 (m, 1H), 2.76-2.61 (m, 

2H), 1.18 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 138.3, 131.8, 131.0, 120.6, 41.3, 39.0, 

16.9. 

 

(R)-3-(furan-2-yl)-2-methylpropanoic acid 8n 6a 

 Colorless oil, 94% yield; 90% ee; [α]D
25 = -4.3 (c = 1.0, acetone), HPLC 

condition for corresponding methyl ester: Chiralpak OD-H column, hexane/ isopropanol = 99:1, 

flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 9.5 min (major), 9.9 min (minor). 1H NMR 

(400 MHz, CDCl3) δ 7.32 (s, 1H), 6.29 (s, 1H), 6.07 (d, J = 2.4 Hz, 1H), 3.10-3.05 (m, 1H), 2.87-

2.71 (m, 2H), 1.21 (d, J = 6.8 Hz, 3H).13C NMR (126 MHz, CDCl3) δ 181.5, 153.9, 141.5, 110.4, 

106.6, 39.5, 32.0, 17.1. 

 

(R)-3-cyclohexyl-2-methylpropanoic acid 8o 

 Colorless oil, 93% yield, 88% ee, [α]D
25 = -11.0 (c = 1.0, CHCl3). GC 

(Supelco -DEXTM120, df = 0.25 μm, 0.25 mm i.d.×30 m, fused silica capillary column); carrier 

gas, N2 (flow 1.2 mL/min); injection temp, 250 oC; initial column temperature, 80 oC; progress rate, 

0.5 oC/min; final column temperature, 150 oC; this temperature is held for 10 min; detector temp, 

260 oC; tR(R) = 73.5 min (major), tS(S) = 74.9 min (minor).1H NMR (400 MHz, CDCl3) δ 3.08-3.02 

(m, 1H), 2.52-2.49 (m, 1H), 1.85-1.48 (m, 5H), 1.30-1.15 (m, 5H), 1.13 (d, J = 6.9 Hz, 3H), 0.93-

0.79 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 183.6, 41.8, 37.5, 35.5, 33.7, 33.3, 26.9, 26.6, 26.5, 

17.8. 

 

(R)-2-benzylbutanoic acid 8p 6b 



 13 / 84 
 

 Colorless oil, 96% yield, 97% ee, [α]D
25 = -11.1 (c = 1.0, CHCl3). HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 17.1 min (major), 19.8 min (minor), 1H NMR (400 

MHz, CDCl3) δ 7.29-7.25 (m, 2H), 7.23-7.17 (m, 3H), 3.01-2.95 (m, 1H), 2.78-2.73 (m, 1H), 2.65-

2.58 (m, 1H), 1.64-1.59 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 181.8, 

139.4, 129.2, 128.7, 126.7, 49.1, 38.0, 25.0, 11.9. 

 

(S)-2-benzyl-3-methylbutanoic acid 8q 6a 

 Colorless oil, 96% yield, 95% ee, [α]D
25 = -14.2 (c = 1.0, acetone). HPLC 

condition for corresponding methyl ester: Chiralpak OJ-H column, hexane/isopropanol = 99:1, flow 

rate = 0.5 mL/min; UV detection at 210 nm; tR = 13.1 min (major), 15.2 min (minor), 1H NMR (400 

MHz, CDCl3) δ 7.31-7.27 (m, 2H), 7.24-7.20 (t, J = 8.6 Hz, 3H), 2.90-2.88 (m, 2H), 2.55-2.50 (m, 

1H), 2.04-1.95 (m, 1H), 1.08-1.04 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 139.9, 129.1, 128.7, 

126.5, 54.6, 35.6, 30.7, 20.6, 20.3. 

 

(S)-2,3-diphenylpropanoic acid 8r 6a 

 White solid, 95% yield, mp 79−81 oC, 94% ee, [α]D
25 =49.8 (c = 0.5, 

acetone). HPLC condition for corresponding methyl ester: Chiralpak OD-H column, 

hexane/isopropanol = 99:1, flow rate = 0.5 mL/min; UV detection at 210 nm; tR = 12.9 min (minor), 

14.2 min (major), 1H NMR (400 MHz, CDCl3) δ 7.24-7.03 (m, 10H), 3.78 (t, J =7.3, 1H), 3.33 (m, 

1H), 2.97 (m, 1H).13C NMR (101 MHz, CDCl3) δ 179.7, 139.1, 138.5, 129.2, 128.9, 128.7, 128.4, 

127.7, 126.6, 77.6, 77.3, 77.0, 54.0, 39.6. 

 

In addition, we applied our catalytic system to promote the asymmetric hydrogenation of two 

other types of unsaturated acids such as α-phenyl substituted acrylic acid and the unsaturated cyclic 

acid with tetra-substituted olefin. For α-phenyl substituted acrylic acid substrate, we can obtain the 
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hydrogenation product with moderate result (85% ee, 88% conversion). For unsaturated cyclic acid 

with tetra-substituted olefin substrate, no product was observed in this transformation, it was mainly 

owing to the substrate with bulky steric hindrance. 
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IV. NMR Spectra 

(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-(3,5-di-tert-butylphenyl)-4,5-dihydrooxazole (4a) 
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(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-phenyl-4,5-dihydrooxazole (4b)  
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(S)-4-(2'-bromo-[1,1'-biphenyl]-2-yl)-2-(tert-butyl)-4,5-dihydrooxazole (4c) 
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(S)-4-(2'-benzhydryl-[1,1'-biphenyl]-2-yl)-2-(3,5-di-tert-butylphenyl)-4,5-dihydrooxazole (5a) 
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(S)-4-(2'-(diphenylphosphanyl)-[1,1'-biphenyl]-2-yl)-2-phenyl-4,5-dihydrooxazole (5b) 
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(S)-2-(tert-butyl)-4-(2'-(diphenylphosphanyl)-[1,1'-biphenyl]-2-yl)-4,5-dihydrooxazole (5c) 
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(S)-2-(3,5-di-tert-butylphenyl)-4-(2'-(dicyclohexylphosphanyl)-[1,1'-biphenyl]-2-yl)-4,5-

dihydrooxazole (5d) 
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[Ir(L)COD]BArF complex 6a 
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[Ir(L)COD]BArF complex 6b 
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[Ir(L)COD]BArF complex 6c 
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[Ir(L)COD]BArF complex 6d 
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(R)-2-methyl-3-phenylpropanoic acid 8a 
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(R)-2-methyl-3-(o-tolyl)propanoic acid 8b 
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(R)-2-methyl-3-(p-tolyl)propanoic acid 8c 
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(R)-3-(3,4-dimethylphenyl)-2-methylpropanoic acid 8d 
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(R)-3-(2-methoxyphenyl)-2-methylpropanoic acid 8e 
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(R)-3-(3-methoxyphenyl)-2-methylpropanoic acid 8f 
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(R)-3-(4-methoxyphenyl)-2-methylpropanoic acid 8g 
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(R)-2-methyl-3-(3,4,5-trimethoxyphenyl)propanoic acid 8h 
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 (R)-3-(2-fluorophenyl)-2-methylpropanoic acid 8i 
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(R)-3-(3-fluorophenyl)-2-methylpropanoic acid 8j 
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(R)-3-(4-fluorophenyl)-2-methylpropanoic acid 8k 
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(R)-3-(4-chlorophenyl)-2-methylpropanoic acid 8l 
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(R)-3-(4-bromophenyl)-2-methylpropanoic acid 8m 
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(R)-3-(furan-2-yl)-2-methylpropanoic acid 8n 
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(R)-3-cyclohexyl-2-methylpropanoic acid 8o 
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(R)-2-benzylbutanoic acid 8p 
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(S)-2-benzyl-3-methylbutanoic acid 8q 
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(S)-2,3-diphenylpropanoic acid 8r 
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Ⅴ. HPLC and GC of hydrogenation product ester derivatives. 

 

(R)-2-methyl-3-phenylpropanoic acid 8a 
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(R)-2-methyl-3-(o-tolyl)propanoic acid 8b 
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(R)-2-methyl-3-(p-tolyl)propanoic acid 8c 
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(R)-3-(3,4-dimethylphenyl)-2-methylpropanoic acid 8d 
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(R)-3-(2-methoxyphenyl)-2-methylpropanoic acid 8e 
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(R)-3-(3-methoxyphenyl)-2-methylpropanoic acid 8f 
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(R)-3-(4-methoxyphenyl)-2-methylpropanoic acid 8g 
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(R)-2-methyl-3-(3,4,5-trimethoxyphenyl)propanoic acid 8h 
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(R)-3-(2-fluorophenyl)-2-methylpropanoic acid 8i 
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(R)-3-(3-fluorophenyl)-2-methylpropanoic acid 8j 
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(R)-3-(4-fluorophenyl)-2-methylpropanoic acid 8k 
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(R)-3-(4-chlorophenyl)-2-methylpropanoic acid 8l 
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(R)-3-(4-bromophenyl)-2-methylpropanoic acid 8m 

 

 



 73 / 84 
 

 

 

 

 

 



 74 / 84 
 

(R)-3-(furan-2-yl)-2-methylpropanoic acid 8n 
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(R)-3-cyclohexyl-2-methylpropanoic acid 8o 
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(R)-2-benzylbutanoic acid 8p 
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(S)-2-benzyl-3-methylbutanoic acid 8q 
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(S)-2,3-diphenylpropanoic acid 8r 
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