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1. 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. 

Anhydrous MeOH iPrOH, MeCN, CH2Cl2, THF and EtOAc purchased from J&K were 

treated with bubbled argon before used. KOtBu, NaOtBu, KOMe, NaOMe, KOH, 

NaOH, Cs2CO3, K2CO3 and Na2CO3 were purchased from Sinopharm Chemical 

Reagent Co., Ltd. 1H, 13C and 19F NMR spectra were recorded with a Bruker 

ADVANCE III (400 MHz) spectrometer with CDCl3 as the solvent. NMR chemical 

shifts are listed in ppm relative to CHCl3 (7.26 ppm for 1H, and 77.0 ppm for 13C) or 

H2O (4.79 ppm for 1H). 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 analyses were run with decoupling. HPLC 

analyses were performed by Agilent 1290 UPLC using Daicel chiral column. 

  



S3 

 

2. General Procedure for the Preparation of Substrate 

Compounds 

Method A: [1] 

 

To the solution of iodobenzene diacetate (1.1 equiv) in R2OH (0.2 M) was added 

BF3‧OEt2 (1.1 equiv) under a nitrogen atmosphere. After the reaction mixture was 

stirred for 1 hour, the solution of β-ketoesters S1 (a mixture of keto and enol forms; 1.0 

equiv) in R2OH (5 M) was dropwise added. The reaction mixture was stirred for 5 hours, 

quenched with saturated aqueous NaHCO3, and evaporated in vacuo. The resulting 

mixture was extracted with EtOAc (× 3). The combined organic layers were dried over 

Na2SO4 and evaporated in vacuo. The residue was purified by flash column 

chromatography to give the corresponding α-methoxy-β-ketoesters 1. 

Method B:[2]  

 

To a solution of S3 (10 mmol) in anhydrous THF (10 mL) was added a solution of 

LDA in THF (2.0 M, 12.0 mL, 12 mmol) dropwise under Ar at -78 °C. After 15 min at 

-78 °C, S2 (12 mmol, 1.2 equiv) was added dropwise. The reaction mixture was stirred 

for 5 hours, quenched with 1 M NH4Cl, and evaporated in vacuo. The resulting mixture 

was extracted with EtOAc (× 3). The combined organic layers were dried over Na2SO4 

and evaporated in vacuo. The residue was purified by flash column chromatography to 

give the alcohol S4. 
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To a solution of the S4 (5 mmol) in DCM, Dess-Martin periodinane (8 mmol) and 

NaHCO3 (15 mmol) were added successively. The solution was allowed to stir at rt for 

3 h. Then water was added, and the obtained suspension was stirred for another 1 h. 

After the reaction was finished, the reaction mixture was extracted with DCM (3 × 30 

mL). The combined organic phase was dried with Na2SO4 and evaporated in vacuum. 

Purification of the residue by silica gel afforded the desired α-methoxy-β-ketoesters 1. 

 

Method C: 

 

To a solution of S3 (10 mmol) in anhydrous THF (10 mL) was added a solution of 

LDA in THF (2.0 M, 12.0 mL, 12 mmol) dropwise under Ar at -78 °C. After 15 min at 

-78 °C, S5 (12 mmol, 1.2 equiv) was added dropwise. The reaction mixture was stirred 

for 5 hours, quenched with 1 M NH4Cl, and evaporated in vacuo. The resulting mixture 

was extracted with EtOAc (× 3). The combined organic layers were dried over Na2SO4 

and evaporated in vacuo. The residue was purified by flash column chromatography to 

give the desiredα-methoxy-β-ketoesters 1. 

 

Methyl 2-methoxy-3-oxo-3-phenylpropanoate (1a) 

Prepared according to Method A, pale yellow oil, 3.64 g, 87% yield. 1H NMR (400 

MHz, CDCl3) δ 8.07 (dd, J = 8.4, 1.3 Hz, 2H), 7.65 – 7.57 (m, 1H), 7.48 (ddd, J = 8.6, 

6.7, 1.2 Hz, 2H), 4.96 (s, 1H), 3.78 (s, 3H), 3.54 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 192.4, 167.9, 134.0, 134.0, 129.4, 128.7, 85.0, 58.7, 52.7. HRMS (ESI) m/z calcd. for 

C11H13O4 [M+H]+ : 209.0808, found: 209.0810. 

 

Methyl 2-methoxy-3-(4-methoxyphenyl)-3-oxopropanoate (1b) 
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Prepared according to Method B, pale yellow oil, 1.45 g, 64% yield over two steps.1H 

NMR (400 MHz, CDCl3) δ 8.05 – 7.90 (m, 2H), 7.33 – 7.20 (m, 2H), 4.94 (s, 1H), 3.77 

(s, 3H), 3.52 (s, 3H), 2.42 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 191.9, 168.0, 145.1, 

131.5, 129.5, 129.4, 85.0, 58.6, 52.7, 21.7. HRMS (ESI) m/z calcd. for C12H15O4 

[M+H]+ : 223.0965, found: 223.0965. 

 

Methyl 2-methoxy-3-oxo-3-(p-tolyl)propanoate (1c) 

Prepared according to Method B, white solid, 1.68 g, 71% yield over two steps. 1H 

NMR (400 MHz, CDCl3) δ 8.18 – 7.97 (m, 2H), 7.04 – 6.87 (m, 2H), 4.91 (s, 1H), 3.88 

(s, 3H), 3.77 (s, 3H), 3.52 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 190.8, 168.2, 164.2, 

131.9, 127.0, 113.9, 85.2, 58.5, 55.5, 52.7. HRMS (ESI) m/z calcd. for C12H15O5 

[M+H]+ : 239.0914, found: 239.0914. 

 

Methyl 3-(4-(tert-butyl)phenyl)-2-methoxy-3-oxopropanoate (1d) 

Prepared according to Method C, white soild, 1.25 g, 47% yield. 1H NMR (400 MHz, 

CDCl3) δ 8.07 – 7.96 (m, 2H), 7.56 – 7.41 (m, 2H), 4.95 (s, 1H), 3.78 (s, 3H), 3.53 (s, 

3H), 1.34 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 191.9, 168.1, 158.0, 131.4, 129.4, 

125.7, 85.1, 58.6, 52.7, 35.2, 31.0. HRMS (ESI) m/z calcd. for C15H21O4 [M+H]+ : 

265.1434, found: 265.1434. 

 

 

Methyl 3-(4-fluorophenyl)-2-methoxy-3-oxopropanoate (1e) 

Prepared according to Method B, pale yellow oil, 2.07 g, 75% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.19 (dt, J = 8.1, 0.8 Hz, 2H), 7.78 – 7.71 (m, 2H), 4.92 

(s, 1H), 3.79 (s, 3H), 3.55 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 191.6, 167.6, 136.5, 
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135.1 (q, J = 32.8 Hz), 129.8, 125.7 (q, J = 3.7 Hz), 123.4 (q, J = 272.7 Hz), 85.3, 58.9, 

52.9. 19F NMR (376 MHz, CDCl3) δ -63.35. HRMS (ESI) m/z calcd. for C12H12F3O4 

[M+H]+ : 277.0682, found: 277.0683. 

 

Methyl 3-(4-fluorophenyl)-2-methoxy-3-oxopropanoate (1f) 

Prepared according to Method B, pale yellow oil, 1.77 g, 78% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.22 – 8.07 (m, 2H), 7.21 – 7.07 (m, 2H), 4.89 (s, 1H), 

3.78 (s, 3H), 3.53 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 190.8, 167.9, 166.2 (d, J = 

256.9 Hz), 132.3 (d, J = 9.5 Hz), 130.3 (d, J = 3.0 Hz), 115.9 (d, J = 22.0 Hz), 85.4, 

58.7, 52.8. 19F NMR (376 MHz, CDCl3) δ -102.93. HRMS (ESI) m/z calcd. for 

C11H12FO4 [M+H]+ : 277.0714, found: 227.0715. 

 

Methyl 3-(4-chlorophenyl)-2-methoxy-3-oxopropanoate (1g) 

Prepared according to Method B, pale yellow oil, 1.48 g, 61% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 4.88 

(s, 1H), 3.78 (s, 3H), 3.53 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 191.3, 167.8, 140.7, 

132.2, 130.9, 129.0, 85.3, 58.7, 52.8. HRMS (ESI) m/z calcd. for C11H12ClO4 [M+H]+ : 

243.0419, found: 243.0420. 

 

Methyl 3-(4-bromophenyl)-2-methoxy-3-oxopropanoate (1h) 

Prepared according to Method B, pale yellow oil, 1.60 g, 56% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.89 (m, 2H), 7.72 – 7.54 (m, 2H), 4.88 (s, 1H), 

3.78 (s, 3H), 3.53 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 191.5, 167.7, 132.6, 132.0, 

130.9, 129.5, 85.3, 58.8, 52.9. HRMS (ESI) m/z calcd. for C11H12CBrO4 [M+H]+ : 

286.9913, found: 286.9915. 
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Methyl 3-(4-(benzyloxy)phenyl)-2-methoxy-3-oxopropanoate (1i) 

Prepared according to Method C, pale yellow oil, 1.99 g, 70% yield. 1H NMR (600 

MHz, CDCl3) δ 8.19 – 8.13 (m, 2H), 7.73 – 7.67 (m, 2H), 7.65 – 7.60 (m, 2H), 7.52 – 

7.44 (m, 2H), 7.44 – 7.38 (m, 1H), 4.98 (s, 1H), 3.80 (s, 3H), 3.56 (s, 3H). 13C NMR 

(151 MHz, CDCl3) δ 192.0, 168.0, 146.7, 139.6, 132.6, 130.0, 129.0, 128.4, 127.3, 

127.3, 85.2, 58.7, 52.8. HRMS (ESI) m/z calcd. for C17H17O4 [M+H]+ : 285.1121, found: 

285.1122. 

 

Methyl 3-([1,1'-biphenyl]-4-yl)-2-methoxy-3-oxopropanoate (1j) 

Prepared according to Method B, pale yellow oil, 2.55 g, 81% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.9 Hz, 2H), 7.48 – 7.30 (m, 5H), 7.01 (d, J 

= 8.9 Hz, 2H), 5.13 (s, 2H), 4.90 (s, 1H), 3.76 (s, 3H), 3.51 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 190.8, 168.2, 163.4, 136.00, 131.9, 128.7, 128.3, 127.5, 127.1, 114.7, 

85.2, 70.2, 58.5, 52.7. HRMS (ESI) m/z calcd. for C18H19O5 [M+H]+ : 315.1127, found: 

315.1122. 

 

Methyl 2-methoxy-3-oxo-3-(m-tolyl)propanoate (1k) 

Prepared according to Method B, pale yellow oil, 1.12 g, 50% yield over two steps. 

1H NMR (600 MHz, CDCl3) δ 7.87 (d, J = 7.8 Hz, 2H), 7.42 (d, J = 7.6 Hz, 1H), 7.39 

– 7.33 (m, 1H), 4.97 (s, 1H), 3.77 (s, 3H), 3.53 (s, 3H), 2.41 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 192.5, 168.0, 138.6, 134.9, 134.0, 129.7, 128.5, 126.6, 84.9, 58.6, 52.7, 

21.3. HRMS (ESI) m/z calcd. for C12H15O4 [M+H]+ : 223.0965, found: 223.0965. 
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Methyl 2-methoxy-3-(3-methoxyphenyl)-3-oxopropanoate (1l) 

Prepared according to Method B, pale yellow oil, 1.48 g, 62% yield over two steps. 

1H NMR (600 MHz, CDCl3) δ 7.67 (ddd, J = 7.7, 1.6, 0.9 Hz, 1H), 7.58 (dd, J = 2.7, 

1.6 Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 7.15 (ddd, J = 8.3, 2.7, 0.9 Hz, 1H), 4.95 (s, 1H), 

3.86 (s, 3H), 3.78 (s, 3H), 3.54 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 192.1, 167.9, 

159.8, 135.2, 129.7, 122.1, 120.9, 113.1, 84.9, 58.7, 55.4, 52.8. HRMS (ESI) m/z calcd. 

for C12H15O5 [M+H]+ : 239.0914, found: 239.0914. 

 

Methyl 3-(3-bromophenyl)-2-methoxy-3-oxopropanoate (1m) 

Prepared according to Method B, pale yellow oil, 2.20 g, 77% yield over two steps. 

1H NMR (600 MHz, CDCl3) δ 8.17 (t, J = 1.8 Hz, 1H), 8.00 (dt, J = 7.9, 1.3 Hz, 1H), 

7.71 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.34 (t, J = 7.9 Hz, 1H), 4.89 (s, 1H), 3.78 (s, 3H), 

3.53 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 191.23, 167.64, 136.92, 135.65, 132.27, 

130.27, 128.08, 123.00, 85.07, 58.85, 52.92. HRMS (ESI) m/z calcd. for C11H11BrO4 

[M+H]+ : 286.9913, found: 286.9914. 

 

Methyl 2-methoxy-3-(naphthalen-2-yl)-3-oxopropanoate (1n) 

Prepared according to Method C, pale yellow oil, 1.60 g, 62% yield. 1H NMR (600 

MHz, CDCl3) δ 8.69 – 8.66 (m, 1H), 8.07 (dd, J = 8.6, 1.8 Hz, 1H), 8.00 (dd, J = 8.5, 

1.3 Hz, 1H), 7.93 – 7.83 (m, 2H), 7.62 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.56 (ddd, J = 

8.2, 6.9, 1.2 Hz, 1H), 5.07 (s, 1H), 3.78 (s, 3H), 3.58 (s, 3H). 13C NMR (151 MHz, 

CDCl3) δ 192.4, 168.0, 136.0, 132.4, 131.9, 131.3, 130.0, 129.1, 128.6, 127.8, 126.9, 

124.3, 85.2, 58.7, 52.8. HRMS (ESI) m/z calcd. for C115H15O4 [M+H]+ : 259.0965, 

found: 259.0965. 
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Methyl 3-(benzo[d][1,3]dioxol-5-yl)-2-methoxy-3-oxopropanoate (1o) 

Prepared according to Method B, pale yellow oil, 1.14 g, 45% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 7.75 (dd, J = 8.2, 1.8 Hz, 1H), 7.53 (d, J = 1.8 Hz, 1H), 

6.86 (d, J = 8.2 Hz, 1H), 6.06 (s, 2H), 4.88 (s, 1H), 3.78 (s, 3H), 3.52 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 190.4, 168.1, 152.6, 148.2, 128.6, 126.4, 108.9, 108.1, 102.0, 85.2, 

58.6, 52.7. HRMS (ESI) m/z calcd. for C15H15O4 [M+H]+ : 253.0707, found: 253.0707. 

 

Ethyl 2-ethoxy-3-oxo-3-phenylpropanoate (1p) 

Prepared according to Method A, pale yellow oil, 2.06 g, 87% yield. 1H NMR (400 

MHz, CDCl3) δ 8.08 (dd, J = 8.4, 1.4 Hz, 2H), 7.70 – 7.54 (m, 1H), 7.47 (dd, J = 8.4, 

7.1 Hz, 2H), 5.01 (s, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.83 – 3.71 (m, 1H), 3.71 – 3.59 (m, 

1H), 1.27 (t, J = 7.0 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

192.8, 167.8, 134.2, 133.8, 129.4, 128.6, 83.7, 66.9, 61.8, 15.1, 13.9. HRMS (ESI) m/z 

calcd. for C15H15O4 [M+H]+ : 237.1121, found: 237.1122. 

 

Tert-butyl 2-(benzyloxy)-3-oxo-3-phenylpropanoate (1q) 

Prepared according to Method B, white solid, 2.54 g, 73% yield over two steps. 1H 

NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.2 Hz, 2H), 7.60 – 7.53 (m, 1H), 7.44 (dd, J = 

8.4, 7.2 Hz, 2H), 7.38 – 7.28 (m, 5H), 4.94 (s, 1H), 4.72 (q, J = 11.7 Hz, 2H), 1.37 (s, 

9H). 13C NMR (151 MHz, CDCl3) δ 192.9, 166.6, 136.4, 134.4, 133.6, 129.3, 128.5, 

128.5, 128.3, 128.2, 83.2, 82.5, 72.6, 27.8. HRMS (ESI) m/z calcd. for C20H22NaO4 

[M+Na]+ : 349.1410, found: 349.1410. 
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Ethyl 3-(4-(benzyloxy)phenyl)-2-ethoxy-3-oxopropanoate (1r) 

Prepared according to Method B, pale yellow oil, 2.26 g, 66% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 8.15 – 8.04 (m, 2H), 7.52 – 7.27 (m, 5H), 7.01 (d, J = 

9.0 Hz, 2H), 5.13 (s, 2H), 4.95 (s, 1H), 4.22 (qd, J = 7.1, 1.0 Hz, 2H), 3.78 – 3.67 (m, 

1H), 3.67 – 3.52 (m, 1H), 1.27 (t, J = 7.0 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H). 13C NMR 

(151 MHz, CDCl3) δ 191.3, 168.0, 163.2, 136.0, 131.9, 128.7, 128.3, 127.5, 127.3, 

114.6, 83.9, 70.2, 66.7, 61.8, 15.1, 14.0. HRMS (ESI) m/z calcd. for C20H23O5 [M+H]+ : 

343.1540, found: 343.1542. 

 

Methyl 3-(2-fluorophenyl)-2-methoxy-3-oxopropanoate (1s) 

Prepared according to Method B, pale yellow oil, 1.44 g, 63% yield over two steps. 

1H NMR (400 MHz, CDCl3) δ 7.79 (td, J = 7.5, 1.9 Hz, 1H), 7.50 (dddd, J = 8.3, 7.2, 

5.2, 1.9 Hz, 1H), 7.19 (td, J = 7.6, 1.1 Hz, 1H), 7.12 – 7.04 (m, 1H), 4.96 (s, 1H), 3.74 

(s, 3H), 3.48 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 190.39 (d, J = 3.7 Hz), 166.54, 

160.64 (d, J = 255.1 Hz), 134.39 (d, J = 9.3 Hz), 130.24 (d, J = 2.5 Hz), 123.69 (d, J = 

3.4 Hz), 122.48 (d, J = 13.0 Hz), 115.49 (d, J = 23.4 Hz), 84.86 (d, J = 5.8 Hz), 58.44, 

51.65. 19F NMR (377 MHz, CDCl3) δ -110.12. HRMS (ESI) m/z calcd. for C11H12FO4 

[M+H]+ : 227.0714, found: 227.0715. 

 

2. General Procedure for Asymmetric Hydrogenation  
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To a 4.0 mL vial equipped with α-methoxy-β-ketoester 1 (0.2 mmol, 1.0 eq.) was 

added the Ir/f-phamidol-precatalyst (1.5 mg, 2.0×10-3 mmol, 0.01 eq.), Cs2CO3 (6.6 mg, 

0.02 mmol, 10 mol%.) and anhydrous EtOAc (1.0 mL) in an argon-filled glovebox. The 

autoclave was quickly purged with hydrogen gas for three times, and then pressurized 

to 40 bar H2. The reaction solution was stirred at room temperature for 12 h, and then 

the pressure was released carefully. After slowly releasing the hydrogen pressure, the 

reaction mixture was passed through a short column of silica gel to get the pure product. 

The yield was determined by NMR analysis after the volatiles were removed under 

vacuum. The ee and dr values were determined by HPLC analysis on a chiral stationary 

phase. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-phenylpropanoate (2a) 

Colorless liquid, 46.1 mg, 99% yield, 99% ee, 97:3 dr; [α]20
D = 2.2 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 95/5; flow rate = 0.7 mL/min; UV 

detection at 210 nm; tR=16.0 min (anti), tR=18.6 min (anti). 1H NMR (400 MHz, CDCl3) 

δ 7.40 – 7.27 (m, 5H), 5.02 – 4.94 (m, 1H), 3.99 (d, J = 5.8 Hz, 1H), 3.67 (s, 3H), 3.37 

(s, 3H), 2.98 (d, J = 4.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 169.8, 138.3, 127.2, 

127.1, 125.5, 83.4, 73.0, 57.9, 50.9. HRMS (ESI) m/z calcd. for C11H14NaO4 [M+Na]+ : 

233.0784, found: 233.0784. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(p-tolyl)propanoate (2b) 

Colorless liquid, 49.2 mg, 99% yield, 98% ee, 95:5 dr; [α]20
D = 3.5 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 230 nm; tR=13.2 min (anti), tR=16.9 min (anti), tR=23.0 min (syn), tR=28.3 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.17 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 7.9 Hz, 

2H), 4.87 (t, J = 5.3 Hz, 1H), 3.91 (d, J = 5.8 Hz, 1H), 3.62 (s, 3H), 3.30 (s, 3H), 2.78 
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(d, J = 5.1 Hz, 1H), 2.26 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 170.9, 137.8, 136.4, 

129.0, 126.4, 84.5, 73.9, 58.9, 51.9, 21.1. HRMS (ESI) m/z calcd. for C12H16NaO4 

[M+Na]+ : 247.0941, found: 247.0941. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(4-methoxyphenyl)propanoate (2c) 

Colorless liquid, 56.4 mg, 99% yield, 98% ee, 99:1 dr; [α]20
D = 1.7 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV 

detection at 230 nm; tR=13.4 min (anti), tR=17.2 min (anti), tR=21.1 min (syn). 1H NMR 

(400 MHz, CDCl3) δ 7.21 (dd, J = 8.8, 2.1 Hz, 2H), 6.90 – 6.71 (m, 2H), 4.85 (t, J = 

5.4 Hz, 1H), 3.90 (d, J = 5.9 Hz, 1H), 3.73 (s, 3H), 3.62 (s, 3H), 3.30 (s, 3H), 2.79 (d, 

J = 5.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 171.0, 159.4, 131.6, 127.8, 113.7, 113.7, 

84.5, 73.7, 58.9, 55.2, 51.9. HRMS (ESI) m/z calcd. for C12H16NaO5 [M+Na]+ : 

263.0890, found: 263.0890. 

 

Methyl (2S,3S)-3-(4-(tert-butyl)phenyl)-3-hydroxy-2-methoxypropanoate (2d) 

Colorless liquid, 56.7 mg, 99% yield, 93% ee, 96:4 dr; [α]20
D = 1.5 (c = 1.0, CHCl3); 

HPLC (Chiralpak IB column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=6.1 min (anti), tR=6.6 min (anti), tR=6.9 min (syn), tR=7.4 min 

(syn). 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.5 Hz, 2H), 7.31 – 7.23 (m, 2H), 4.95 

(t, J = 5.3 Hz, 1H), 4.00 (d, J = 5.9 Hz, 1H), 3.69 (s, 3H), 3.38 (s, 3H), 2.84 (d, J = 5.2 

Hz, 1H), 1.31 (s, 10H). 13C NMR (101 MHz, CDCl3) δ 171.0, 151.0, 136.4, 126.3, 125.2, 

125.1, 84.5, 84.5, 73.9, 73.8, 58.9, 51.9, 34.5, 31.3. HRMS (ESI) m/z calcd. for 

C15H22NaO4 [M+Na]+ : 289.1410, found: 289.1410. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(4-(trifluoromethyl)phenyl)propanoate (2e) 
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Colorless liquid, 59.8 mg, 99% yield, 96% ee, 95:5 dr; [α]20
D = -2.4 (c = 1.0, CHCl3); 

HPLC (Chiralpak IB column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 230 nm; tR=6.6 min (anti), tR=7.4 min (anti), tR=8.1 min (syn), tR=8.8 min 

(syn). 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.1 Hz, 2H), 7.48 (d, J = 8.1 Hz, 2H), 

5.03 (t, J = 4.8 Hz, 1H), 3.97 (d, J = 5.7 Hz, 1H), 3.68 (s, 3H), 3.38 (s, 3H), 3.25 (d, J 

= 4.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 170.5, 143.4, 130.2 (q, J = 32.5 Hz), 

126.9, 125.1 (q, J = 3.8 Hz), 124.0 (q, J = 272.1 Hz), 84.2, 73.4, 59.0, 52.0. 19F NMR 

(377 MHz, CDCl3) δ -62.58. HRMS (ESI) m/z calcd. for C12H13F3NaO4 [M+Na]+ : 

301.0658, found: 301.0659. 

 

Methyl (2S,3S)-3-(4-fluorophenyl)-3-hydroxy-2-methoxypropanoate (2f) 

Colorless liquid, 50.0 mg, 99% yield, 97% ee, 95:5 dr; [α]20
D = -1.8 (c = 1.0, CHCl3); HPLC 

(Chiralpak IC column, hexane/isopropanol = 95/55; flow rate = 1.0 mL/min; UV detection at 210 

nm; tR=14.3 min (anti), tR=15.3 min (anti), tR=20.4 min (syn), tR=29.7 min (syn). 1H NMR (400 

MHz, CDCl3) δ 7.34 (dd, J = 8.6, 5.5 Hz, 2H), 7.03 (t, J = 8.7 Hz, 2H), 4.96 (t, J = 5.0 Hz, 1H), 

3.95 (d, J = 5.7 Hz, 1H), 3.68 (s, 3H), 3.38 (s, 3H), 3.03 (d, J = 4.9 Hz, 1H). 13C NMR (101 MHz, 

CDCl3) δ 169.7, 161.5 (d, J = 246.3 Hz), 134.1 (d, J = 3.2 Hz), 127.3 (d, J = 8.3 Hz), 114.1 (d, J = 

21.4 Hz), 83.3, 72.4, 57.9, 50.9. 19F NMR (376 MHz, CDCl3) δ -114.39 – -114.48 (m). HRMS (ESI) 

m/z calcd. for C11H13FNaO4 [M+Na]+ : 251.0690, found: 251.0690.  

 

Methyl (2S,3S)-3-(4-chlorophenyl)-3-hydroxy-2-methoxypropanoate (2g) 

Colorless liquid, 52.7 mg, 99% yield, 96% ee, 94:6 dr; [α]20
D = 3.1 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV 

detection at 230 nm; tR=14.4 min (anti), tR=15.4 min (anti), tR=20.6 min (syn), tR=30.1 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.27 (m, 4H), 4.98 – 4.91 (m, 1H), 

3.94 (d, J = 5.7 Hz, 1H), 3.68 (s, 3H), 3.37 (s, 3H), 3.06 (s, 1H). 13C NMR (101 MHz, 
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CDCl3) δ 169.6, 136.9, 132.8, 127.4, 126.9, 83.2, 72.4, 58.0, 51.0. HRMS (ESI) m/z 

calcd. for C11H13ClNaO4 [M+Na]+ : 267.0395, found: 267.0395. 

 

 

Methyl (2S,3S)-3-(4-bromophenyl)-3-hydroxy-2-methoxypropanoate (2h) 

Colorless liquid, 61.7 mg, 99% yield, 98% ee, 96:4 dr; [α]20
D = 1.6 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=15.1 min (anti), tR=16.3 min (anti), tR=22.0 min (syn), tR=29.3 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.50 – 7.43 (m, 2H), 7.26 – 7.20 (m, 2H), 

4.94 (dd, J = 6.0, 2.8 Hz, 1H), 3.94 (d, J = 5.7 Hz, 1H), 3.68 (s, 3H), 3.38 (s, 3H), 3.06 

(d, J = 3.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 170.6, 138.4, 131.3, 128.3, 122.0, 

84.2, 73.4, 59.0, 52.0. HRMS (ESI) m/z calcd. for C11H13BrNaO4 [M+Na]+ : 310.9889, 

found: 310.9889. 

 

Methyl (2S,3S)-3-([1,1'-biphenyl]-4-yl)-3-hydroxy-2-methoxypropanoate (2i) 

Colorless liquid, 61.4 mg, 99% yield, 99% ee, 95:5 dr; [α]20
D = 7.5 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=10.3 min (anti), tR=12.3 min (anti), tR=14.6 min (syn), tR=19.2 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.45 (m, 4H), 7.42 – 7.31 (m, 4H), 

7.31 – 7.23 (m, 1H), 4.95 (t, J = 5.3 Hz, 1H), 3.96 (d, J = 5.7 Hz, 1H), 3.62 (s, 3H), 

3.33 (s, 3H), 2.91 (d, J = 5.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 170.9, 140.9, 

140.7, 138.4, 128.7, 127.3, 127.1, 127.0, 127.0, 84.5, 73.9, 59.0, 52.0. HRMS (ESI) 

m/z calcd. for C17H18NaO4 [M+Na]+ : 309.1097, found: 309.1099. 

 

Methyl (2S,3S)-3-(4-(benzyloxy)phenyl)-3-hydroxy-2-methoxypropanoate (2j) 
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Colorless liquid, 67.5 mg, 99% yield, 99% ee, 99:1 dr; [α]20
D = 3.0 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=21.1 min (anti), tR=29.1 min (anti), tR=32.6 min (syn). 1H NMR 

(400 MHz, CDCl3) δ 7.49 – 7.35 (m, 4H), 7.35 – 7.23 (m, 3H), 6.99 – 6.90 (m, 2H), 

5.05 (s, 2H), 4.92 (t, J = 5.3 Hz, 1H), 3.96 (d, J = 5.8 Hz, 1H), 3.68 (s, 3H), 3.37 (s, 

3H), 2.85 (d, J = 5.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 170.9, 158.6, 136.9, 131.9, 

128.6, 127.9, 127.9, 127.8, 127.5, 114.6, 84.5, 73.7, 70.0, 58.9, 51.9. HRMS (ESI) m/z 

calcd. for C18H20NaO4 [M+Na]+ : 339.1203, found: 339.1204. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(m-tolyl)propanoate (2k) 

Colorless liquid, 49.1 mg, 99% yield, 96% ee, 95:5 dr; [α]20
D = 0.8 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=8.8 min (anti), tR=10.5 min (anti), tR=12.9 min (syn), tR=18.9 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.23 (t, J = 7.5 Hz, 1H), 7.19 – 7.06 (m, 3H), 

4.94 (t, J = 5.2 Hz, 1H), 3.99 (d, J = 5.8 Hz, 1H), 3.68 (s, 3H), 3.38 (s, 3H), 2.84 (d, J 

= 5.0 Hz, 1H), 2.35 (d, J = 0.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.9, 138.3, 

136.9, 127.9, 127.1, 126.2, 122.6, 83.5, 73.1, 57.8, 50.8, 20.4. HRMS (ESI) m/z calcd. 

for C12H16NaO4 [M+Na]+ : 247.0941, found: 247.0942. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(3-methoxyphenyl)propanoate (2l) 

Colorless liquid, 52.2 mg, 99% yield, 97% ee, 95:5 dr; [α]20
D = -2.7 (c = 1.0, CHCl3); 

HPLC (Chiralpak IB column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=10.3 min (anti), tR=11.2 min (anti), tR=12.0 min (syn). 1H NMR 

(400 MHz, CDCl3) δ 7.25 (t, J = 8.0 Hz, 1H), 6.94 (dd, J = 7.5, 1.4 Hz, 2H), 6.88 – 6.80 

(m, 1H), 4.95 (t, J = 4.9 Hz, 1H), 3.98 (d, J = 5.8 Hz, 1H), 3.80 (s, 3H), 3.69 (s, 3H), 

3.37 (s, 3H), 2.94 (d, J = 4.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 170.8, 159.5, 
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141.1, 129.3, 118.8, 113.7, 112.0, 84.4, 74.0, 58.9, 55.2, 51.9. HRMS (ESI) m/z calcd. 

for C12H16NaO5 [M+Na]+ : 263.0890, found: 263.0890. 

 

Methyl (2S,3S)-3-(3-bromophenyl)-3-hydroxy-2-methoxypropanoate (2m) 

Colorless liquid, 60.7 mg, 99% yield, 95% ee, 95:5 dr; [α]20
D = 1.2 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV 

detection at 230 nm; tR=6.5 min (anti), tR=7.9 min (anti), tR=8.2 min (syn), tR=10.0 min 

(syn).1H NMR (400 MHz, CDCl3) δ 7.53 (t, J = 1.9 Hz, 1H), 7.43 (ddd, J = 7.8, 2.0, 1.2 

Hz, 1H), 7.31 – 7.25 (m, 1H), 7.21 (t, J = 7.8 Hz, 1H), 4.95 (t, J = 5.2 Hz, 1H), 3.95 (d, 

J = 5.7 Hz, 1H), 3.69 (s, 3H), 3.39 (s, 3H), 3.03 (d, J = 5.0 Hz, 1H). 13C NMR (101 

MHz, CDCl3) δ 170.5, 141.7, 131.1, 129.8, 129.7, 125.2, 122.4, 84.2, 73.4, 59.0, 52.1, 

52.0. HRMS (ESI) m/z calcd. for C11H13BrNaO4 [M+Na]+ : 310.9889, found: 310.9890. 

 

Methyl (2S,3S)-3-hydroxy-2-methoxy-3-(naphthalen-2-yl)propanoate (2n) 

Colorless liquid, 56.3 mg, 99% yield, 99% ee, 94:6 dr; [α]20
D = 13.3 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV 

detection at 260 nm; tR=8.4 min (anti), tR=9.9 min (anti), tR=11.4 min (syn), tR=15.4 

min (syn).1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 6.1, 3.3 Hz, 4H), 7.53 – 7.41 (m, 

3H), 5.13 (d, J = 5.8 Hz, 1H), 4.07 (d, J = 5.8 Hz, 1H), 3.65 (s, 3H), 3.37 (s, 3H), 3.12 

(s, 1H). 13C NMR (101 MHz, CDCl3) δ 169.8, 135.8, 132.1, 132.0, 127.0, 126.9, 126.6, 

125.0, 125.0, 124.7, 123.3, 83.4, 73.2, 57.9, 50.9. HRMS (ESI) m/z calcd. for 

C15H16NaO4 [M+Na]+ : 283.0941, found: 283.0941. 

 

Methyl (2S,3S)-3-(benzo[d][1,3]dioxol-5-yl)-3-hydroxy-2-methoxypropanoate (2o) 

Colorless liquid, 55.2 mg, 99% yield, 98% ee, 99:1 dr; [α]20
D = -5.0 (c = 1.0, CHCl3); 
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HPLC (Chiralpak IA column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=35.2 min (anti), tR=38.6 min (anti). 1H NMR (400 MHz, CDCl3) 

δ 6.88 (d, J = 1.7 Hz, 1H), 6.83 – 6.72 (m, 2H), 5.95 (d, J = 0.8 Hz, 2H), 4.88 (d, J = 

5.0 Hz, 1H), 3.94 (d, J = 5.9 Hz, 1H), 3.71 (s, 3H), 3.38 (s, 3H), 2.91 (d, J = 4.5 Hz, 

1H). 13C NMR (101 MHz, CDCl3) δ 170.8, 147.6, 147.4, 133.4, 120.2, 108.0, 107.1, 

101.0, 84.5, 73.9, 59.0, 52.0. HRMS (ESI) m/z calcd. for C12H14NaO4 [M+Na]+ : 

277.0683, found: 277.0683. 

 

Ethyl (2S,3S)-2-ethoxy-3-hydroxy-3-phenylpropanoate (2p) 

Colorless liquid, 51.6 mg, 99% yield, 99% ee, 97:3 dr; [α]20
D = -1.1 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=8.5 min (anti), tR=9.1 min (anti), tR=11.5 min (syn), tR=14.7 

min (syn). 1H NMR (600 MHz, CDCl3) δ 7.40 – 7.35 (m, 2H), 7.35 – 7.31 (m, 2H), 

7.31 – 7.27 (m, 1H), 4.98 (t, J = 5.3 Hz, 1H), 4.11 (qd, J = 7.2, 1.9 Hz, 2H), 4.03 (d, J 

= 5.9 Hz, 1H), 3.65 (dq, J = 9.1, 7.0 Hz, 1H), 3.38 (dq, J = 9.3, 7.0 Hz, 1H), 3.03 (d, J 

= 4.8 Hz, 1H), 1.15 (dt, J = 14.5, 7.1 Hz, 6H). 13C NMR (151 MHz, CDCl3) δ 169.7, 

138.5, 127.1, 126.9, 125.6, 81.6, 73.0, 65.8, 59.9, 13.9, 12.9. HRMS (ESI) m/z calcd. 

for C13H18NaO4 [M+Na]+ : 261.1097, found: 261.1097. 

 

Tert-butyl (2S,3S)-2-(benzyloxy)-3-hydroxy-3-phenylpropanoate (2q) 

Colorless liquid, 69.6 mg, 99% yield, 96% ee, 99:1 dr; [α]20
D = -11.6 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=13.4 min (anti), tR=15.4 min (anti), tR=20.6 min (syn), tR=23.4 

min (syn). 1H NMR (600 MHz, CDCl3) δ 7.41 – 7.37 (m, 2H), 7.35 – 7.26 (m, 6H), 

7.24 – 7.19 (m, 2H), 4.99 (t, J = 5.2 Hz, 1H), 4.69 (d, J = 11.5 Hz, 1H), 4.38 (d, J = 

11.5 Hz, 1H), 4.04 (d, J = 5.8 Hz, 1H), 3.10 (d, J = 4.8 Hz, 1H), 1.35 (s, 9H). 13C NMR 
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(151 MHz, CDCl3) δ 169.6, 139.6, 137.1, 128.4, 128.1, 128.1, 127.9, 127.8, 126.9, 82.2, 

82.0, 74.2, 72.8, 27.9. HRMS (ESI) m/z calcd. for C20H24NaO4 [M+Na]+ : 351.1567, 

found: 351.1568. 

 

Ethyl (2S,3S)-3-(4-(benzyloxy)phenyl)-2-ethoxy-3-hydroxypropanoate (2r) 

Colorless liquid, 63.0 mg, 99% yield, 99% ee, 99:1 dr; [α]20
D = -1.3 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=15.0 min (anti), tR=16.9 min (anti), tR=21.7 min (syn), tR=22.9 

min (syn). 1H NMR (600 MHz, CDCl3) δ 7.42 (d, J = 7.1 Hz, 2H), 7.37 (t, J = 7.6 Hz, 

2H), 7.30 (dd, J = 8.8, 2.4 Hz, 3H), 6.97 – 6.91 (m, 2H), 5.05 (s, 2H), 4.92 (t, J = 5.4 

Hz, 1H), 4.12 (qd, J = 7.1, 1.8 Hz, 2H), 4.00 (d, J = 5.9 Hz, 1H), 3.65 (dq, J = 9.2, 7.0 

Hz, 1H), 3.38 (dq, J = 9.2, 7.0 Hz, 1H), 2.95 (d, J = 5.0 Hz, 1H), 1.16 (td, J = 7.1, 4.2 

Hz, 6H). 13C NMR (151 MHz, CDCl3) δ 169.8, 157.5, 135.9, 131.0, 127.5, 126.9, 126.4, 

113.5, 81.7, 72.6, 68.9, 65.8, 59.9, 14.0, 13.0. HRMS (ESI) m/z calcd. for C20H24NaO5 

[M+Na]+ : 367.1516, found: 367.1517. 

 

Methyl (2S,3S)-3-(2-fluorophenyl)-3-hydroxy-2-methoxypropanoate (2s) 

Colorless liquid, 60.1 mg, 82% yield, 28% ee, 85:15 dr; [α]20
D = 3.3 (c = 1.0, CHCl3); 

HPLC (Chiralpak IC column, hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR=18.0 min (anti), tR=20.5 min (anti), tR=25.7 min (syn), tR=40.5 

min (syn). 1H NMR (400 MHz, CDCl3) δ 7.40 (td, J = 7.6, 1.8 Hz, 1H), 7.20 (m, 1H), 

7.07 (td, J = 7.5, 1.2 Hz, 1H), 6.96 (ddd, J = 10.6, 8.2, 1.2 Hz, 1H), 5.27 (d, J = 4.8 Hz, 

1H), 4.06 (d, J = 4.7 Hz, 1H), 3.55 (s, 3H), 3.37 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ 169.19, 158.90 (d, J = 245.7 Hz), 128.50 (d, J = 8.3 Hz), 126.95 (d, J = 4.1 Hz), 

125.14 (d, J = 13.0 Hz), 123.10 (d, J = 3.4 Hz), 114.04 (d, J = 21.7 Hz), 82.14 (d, J = 

1.7 Hz), 67.46 (d, J = 2.4 Hz), 57.68, 50.80. 19F NMR (376 MHz, CDCl3) δ -106.87 – 
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-127.79 (m). HRMS (ESI) m/z calcd. for C20H24NaO5 [M+Na]+ : 367.1516, found: 

367.1517. 

 

(2S,3S)-2-(Benzyloxy)-3-hydroxy-3-phenyl propanoic acid (3)[3] 

Acid 3 was is obtained by the hydrolysis of ester 2r. Colorless liquid, 32.1 mg. [α]20
D 

= -16.8 (c = 1.0, CHCl3); 
1H NMR (600 MHz, CDCl3) δ 7.40 – 7.26 (m, 8H), 7.14 (dd, 

J = 6.6, 2.9 Hz, 2H), 5.00 (d, J = 6.2 Hz, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.38 (d, J = 

11.5 Hz, 1H), 4.14 (d, J = 6.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 173.9, 138.9, 

136.3, 128.5, 128.3, 128.2, 128.2, 126.9, 81.3, 74.2, 73.5. 

3. Synthetic Applications 

Scale-up synthesis of 2a 

 

To a 2.5 mL vial was added the catalyst precursor [Ir(COD)Cl]2 (3.4 mg, 0.005 mmol), 

f-phamidol (5.9 mg, 0.0105 mmol) and anhydrous EtOAc (1 mL) under argon 

atmosphere. The mixture was stirred for 1 h at room temperature to give a clear orange 

solution. An aliquot of the catalyst solution (200 uL, 0.001 mmol) was transferred into 

a 10.0 mL hydrogenation vessel, then Cs2CO3 (32.5 mg, 0.1 mmol), 1a (416 mg, 2.0 

mmol) and anhydrous EtOAc (5 mL) was added. The vessels were placed in an 

autoclave which was then charged with 40 atm of H2 and stirred at 25-30 oC for 48 h. 

After slowly releasing the hydrogen pressure, the reaction mixture was passed through 

a short column of silica gel to get the pure product 2a 413 mg, 98% yield, 98% ee, 96:4 

dr.  

The yield was determined by NMR analysis after the volatiles were removed under 

vacuum. The ee values were determined by HPLC analysis on a chiral stationary phase. 
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Scale-up synthesis of 2r 

 

To a 20.0 mL vial equipped with α-methoxy-β-ketoesters 1r (1.37 g, 4.0 mmol, 1.0 

eq.) was added the Ir/f-phamidol-precatalyst (15.2 mg, 1.0×10-3 mmol, 0.005 eq.), 

Cs2CO3 (65.1 mg, 0.2 mmol, 5 mol%.) and anhydrous EtOAc (8.0 mL) in an argon-

filled glovebox. The autoclave was quickly purged with hydrogen gas for three times, 

and then pressurized to 40 bar H2. The reaction solution was stirred at room temperature 

for 48 h, and then the pressure was released carefully. After slowly releasing the 

hydrogen pressure, the reaction mixture was passed through a short column of silica gel 

to get the pure product 2r (1.34 g, 99% yield, 99% ee, 99:1 dr). 

 The yield was determined by NMR analysis after the volatiles were removed under 

vacuum. The ee and dr values were determined by HPLC analysis on a chiral stationary 

phase. 
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4. NMR Spectra  

1H NMR spectra (400 MHz, CDCl3) of 1a 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1a 
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1H NMR spectra (600 MHz, CDCl3) of 1b 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1b 
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1H NMR spectra (600 MHz, CDCl3) of 1c 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1c 
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1H NMR spectra (400 MHz, CDCl3) of 1d 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1d 
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1H NMR spectra (400 MHz, CDCl3) of 1e 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1e 
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19F NMR spectra (376 MHz, CDCl3) of 1e 

 

 
1H NMR spectra (400 MHz, CDCl3) of 1f 
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13C NMR spectra (101 MHz, CDCl3) of 1f 

 

 
19F NMR spectra (376 MHz, CDCl3) of 1f 
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1H NMR spectra (400 MHz, CDCl3) of 1g 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1g 
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1H NMR spectra (400 MHz, CDCl3) of 1h 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1h 
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1H NMR spectra (600 MHz, CDCl3) of 1i 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1i 
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1H NMR spectra (600 MHz, CDCl3) of 1j 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1j 
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1H NMR spectra (600 MHz, CDCl3) of 1k 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1k 
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1H NMR spectra (600 MHz, CDCl3) of 1l 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1l 
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1H NMR spectra (600 MHz, CDCl3) of 1m 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1m 
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1H NMR spectra (600 MHz, CDCl3) of 1n 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1n 
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1H NMR spectra (600 MHz, CDCl3) of 1o 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1o 
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1H NMR spectra (600 MHz, CDCl3) of 1p 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1p 
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1H NMR spectra (600 MHz, CDCl3) of 1q 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1q 
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1H NMR spectra (600 MHz, CDCl3) of 1r 

 

 
13C NMR spectra (151 MHz, CDCl3) of 1r 
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1H NMR spectra (400 MHz, CDCl3) of 1s 

 

 

 

 
13C NMR spectra (101 MHz, CDCl3) of 1s 
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19F NMR spectra (377 MHz, CDCl3) of 1s 

 
 

 

 

1H NMR spectra (400 MHz, CDCl3) of 2a 
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13C NMR spectra (101 MHz, CDCl3) of 2a 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2b 
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13C NMR spectra (101 MHz, CDCl3) of 2b 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2c 
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13C NMR spectra (101 MHz, CDCl3) of 2c 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2d 
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13C NMR spectra (101 MHz, CDCl3) of 2d 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2e 
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13C NMR spectra (101 MHz, CDCl3) of 2e 

 

 

 

 
19F NMR spectra (376 MHz, CDCl3) of 2e 
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1H NMR spectra (400 MHz, CDCl3) of 2f 

 

 

 

 
13C NMR spectra (101 MHz, CDCl3) of 2f 
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19F NMR spectra (376 MHz, CDCl3) of 2f 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2g 
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13C NMR spectra (101 MHz, CDCl3) of 2g 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2h 
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13C NMR spectra (101 MHz, CDCl3) of 2h 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2i 
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13C NMR spectra (101 MHz, CDCl3) of 2i 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2j 
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13C NMR spectra (101 MHz, CDCl3) of 2j 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2k 
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13C NMR spectra (101 MHz, CDCl3) of 2k 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2l 
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13C NMR spectra (101 MHz, CDCl3) of 2l 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2m 
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13C NMR spectra (101 MHz, CDCl3) of 2m 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2n 

 

 



S56 

 

13C NMR spectra (101 MHz, CDCl3) of 2n 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2o 
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13C NMR spectra (101 MHz, CDCl3) of 2o 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2p 
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13C NMR spectra (101 MHz, CDCl3) of 2p 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2q 
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13C NMR spectra (101 MHz, CDCl3) of 2q 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2r 
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13C NMR spectra (101 MHz, CDCl3) of 2r 

 

 

 

 
1H NMR spectra (400 MHz, CDCl3) of 2s 

 

 



S61 

 

13C NMR spectra (101 MHz, CDCl3) of 2s 

 

 

 

 
19F NMR spectra (376 MHz, CDCl3) of 2s 
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1H NMR spectra (600 MHz, CDCl3) of 3 

 

 
13C NMR spectra (151 MHz, CDCl3) of 3 
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5. HPLC chromatograms 
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