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I. General remark  

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

an argon-filled glovebox or using standard schlenk techniques. Hydrogen gas (99.999%) was 

purchased from Shanghai Regulator Factory Co., Ltd. Anhydrous MeOH, EtOH, i-PrOH, DCM, 

1,4-dioxane, n-hexane and [Ir(COD)Cl]2 were purchased from J&K. Anhydrous THF, Et2O 

were distilled from sodium benzophenoneketyl. Solvents were transferred by syringe. Melting 

point (m.p.) was determined by RY-1 Melting Point Apparatus. 1H NMR (400 MHz), 13C NMR 

(101 MHz) and 31P NMR (162 MHz) spectra were recorded on a Bruker ADVANCE III 

spectrometer with CDCl3 as the solvent and tetramethylsilane (TMS) as the internal standard. 

Chemical shifts are reported upfield to TMS (0.00 ppm) for 1H NMR and relative to CDCl3 

(77.0 ppm) for 13C NMR. HRMS were recorded on APEXII and ZAB-HS spectrometer. HPLC 

analyses were performed using an Agilent 1260 Series instrument. Column Chromatography 

was performed with silica gel Merck 60 (300 - 400 mesh). 

II. Preparation of ferrocene-based tetradentate phosphine ligands  

Procedure for the synthesis of compound 11 

 

For the preparation of S2: In a 250 mL reaction flask, add sodium bicarbonate (15.00 

mmol, 1.50 eq.), 60 mL water, add amino acid S1 (10.00 mmol, 1.00 eq.) under ice bath stirring, 

then add benzyl chloroformate (11.00 mmol, 1.10 eq.) dropwise, and slowly increase after the 

addition. Stir for 4h after reaching room temperature. The residue is in an ice bath, adjusted to 
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pH=1 with hydrochloric acid, stirred for 15 minutes, filtered to obtain a white solid, dried in a 

vacuum drying oven to remove water, get white solid S2, the yield is 90% - 94%. 

S2 (4.78 mmol, 1.00 eq.) was taken in DCM (40 mL) and a few drops of MeOH was added 

to dissolve the amino acid completely. The solution was cooled in an ice bath and N-

methylmorpholine (5.23 mmol, 1.20 eq.) and ethyl chloroformate (5.23 mmol, 1.20 eq.) were 

added consecutively and stirred at 0 °C for 1 h. Glycinol (5.23 mmol, 1.2 eq., dissolved in 8 

mL of DCM) was then added dropwise and the reaction mixture gradually warmed to room 

temperature. After stirring for 10 h, the reaction mixture was washed with 1 M hydrochloric 

acid. Combined organics were dried over anhydrous Na2SO4, filtered, concentrated and 

purified by flash chromatography to give the product S3 as a white solid in 50% - 72% yield. 

To a solution of S3 (2.00 mmol) in 30 mL of anhydrous MeOH, 0.10 g of 10% palladium 

on activated charcoal was added and the flask purged with hydrogen gas five times. The 

reaction mixture was then allowed to stir at room temperature under an atmosphere of hydrogen. 

After 5 h, the mixture was filtered through a pad of celite and washed with MeOH. After 

concentrating the filtrate, product 1 was obtained as a solid in near quantitative yield. 

Procedure for the synthesis of compound 22 

 

To a solution of (S)-Ugi’s amine S4 (10.00 mmol, 1.00 eq.) in anhydrous Et2O (20 mL) 

was added 2.4 M n-BuLi solution in n-hexane (11.20 mmol, 1.12 eq.) at 0 ℃. After addition 

was completed, the mixture was warmed to room temperature and stirred for 4 h. The mixture 

was then 55 ℃, Then Ar2PCl (12 mmol, 1.20 eq.) was added dropwise to the reaction solution 

under reflux, and the reflux was continued for about 4 h, monitored by TLC. After the reaction 

was completed, it was quenched by adding water, and the organic phase was extracted with 

ether. The organic phase was extracted with anhydrous Na2SO4. Filter and dry to obtain a red 

oily liquid and recrystallize with a certain amount of EtOH to obtain the product S5 (Ar = Ph, 
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60% yield; Ar = 3,5-(t-Bu)2C6H3, 55% yield). 

A solution of aminophosphine S5 (1.00 mmol) in acetic anhydride (2 mL) was heated to 

90 - 100 ℃ (Ar = Ph, 100 ℃; Ar = 3,5-(t-Bu)2C6H3, 90 ℃) for 1 - 2 h (monitored by TLC). 

After the starting material disappeared, the volatiles were removed in vacuo and then toluene 

(2 mL) was added, concentrated. The operation was repeated three times to remove excess 

acetic anhydride. To the residue, a small amount of anhydrous MeOH was added and then the 

solvent was removed by high vacuum, the obtained yellow solid (> 95% yield) was pure 

enough for next step. 

Procedure for the synthesis of L1 - L7 and L9 - L12 

 

A mixture of compound 2 (0.50 mmol, 1.0 eq.), amino acid 1 (1.00 mmol, 2.0 eq.) and in 

dry Acetonitrile (2 mL) was stirred for 10 min at room temperature under nitrogen. If the 

solubility is not good, a few drops of MeOH was added to dissolve the amino acid 1 completely. 

Then the mixture was heated at 100 ℃ overnight. The solvent was evaporated in vacuum to 

afford the crude product. After chromatography on basic alumina column with DCM/MeOH 

(100:1 to 50:1) as eluent, the corresponding ligands were obtained as orange solids L in 35% -

92% yields. 

Procedure for the synthesis of L83 

 

To a suspension of LiAlH4 (2.60 mmol, 2.00 eq.) in Et2O (5 mL) was added compound 

L3 (1.30 mmol, 1.00 eq.). The mixture was stirred at 70 ℃ for 3 h. The reaction was quenched 

with H2O (1 mL), dried over Na2SO4, filtered, concentrated and purified by flash 

chromatography to give the product as a yellow solid L8 in 65% yield. 

Procedure for the synthesis of L10 
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At 0 °C, S6 (1.00 mmol,1.00 eq.) was added in DCM (10 ml), EDCI(1.20 mmol,1.20 eq.) 

and HOBt (1.50 mmol,1.50 eq.) were added and stirred for 1 hour, then DIEA(1.50 mmol,1.50 

eq.) was added, S7(1.00 mmol,1.00 eq.) was added, stirred at room temperature overnight. The 

reaction was quenched with H2O (3 mL), dried over Na2SO4, filtered, concentrated and purified 

by flash chromatography to give the product as a yellow solid L10 in 40% yield.  

 

 L1 

Yellow solid, 344.6 mg, 67% yield. m.p. 44 - 48 ℃, [α]D
25 = +299 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.57 - 7.50 (m, 2H), 7.41 - 7.36 (m, 3H), 7.26 - 7.18 (m, 

5H), 4.47 - 4.42 (m, 1H), 4.35 - 4.30 (m, 1H), 4.17 - 4.11 (m, 1H), 3.97 (s, 5H), 3.88 - 3.84 (m, 

1H), 3.55 - 3.46 (m, 2H), 3.10 - 3.01 (m, 4H), 1.43 (d, J = 6.6 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 174.2, 140.6 (d, J = 9.4 Hz), 137.1, 135.1 (d, J = 21.3 Hz), 132.4 (d, J = 17.8 

Hz), 129.3, 128.4 (d, J = 5.8 Hz), 128.3, 128.2, 96.6 (d, J = 24.2 Hz), 74.9, 71.8 (d, J = 4.6 Hz), 

69.7, 69.3, 69.2, 63.2, 51.9 (d, J = 8.1 Hz), 49.1, 42.5, 18.9. 31P NMR (162 MHz, Chloroform-

d) δ -24.20. HRMS(ESI) calcd. for C28H32FeN2O2P[M+H]+: 515.1545, found: 515.1548 

 

 L2 

Yellow solid, 283.8 mg, 51% yield, m.p. 46 - 52 ℃ , [α]D
25 = +240 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.57 - 7.49 (m, 2H), 7.44 - 7.35 (m, 4H), 7.27 - 7.18 (m, 
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4H), 4.47 - 4.41 (m, 1H), 4.35 - 4.29 (m, 1H), 4.22 - 4.14 (m, 1H), 3.99 (s, 5H), 3.86 - 3.80 (m, 

1H), 3.65 - 3.58 (m, 1H), 3.54 - 3.40 (m, 2H), 2.89 (dd, 2H), 1.88 - 1.78 (m, 1H), 1.40 (d, J = 

6.7 Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.8, 140.0 (d, J = 9.5 Hz), 136.9 (d, J = 8.4 Hz), 134.9 (d, J = 21.1 Hz), 

132.5 (d, J = 18.5 Hz), 129.3, 128.5 (d, J = 2.2 Hz), 128.4, 128.2 (d, J = 8.0 Hz), 96.5 (d, J = 

23.7 Hz), 75.2(d, J = 7.9 Hz), 71.7 (d, J = 4.2 Hz), 69.7, 69.5 (d, J = 4.2 Hz), 69.2, 64.6, 57.9, 

51.6 (d, J = 8.2 Hz), 48.5, 28.8, 19.5, 19.1, 19.0.31P NMR (162 MHz, Chloroform-d) δ -24.72. 

HRMS(ESI) calcd. for C31H38O2N2FeP[M+H]+: 557.2015, found: 557.2020. 

 

 L3 

Yellow solid, 399.3 mg, 70% yield. m.p. 65 - 72 ℃, [α]D
25 = +237 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.58 - 7.45 (m, 3H), 7.43 - 7.33 (m, 3H), 7.31 - 7.17 (m, 

4H), 4.47 - 4.41 (m, 1H), 4.35 - 4.28 (m, 1H), 4.24 - 4.15 (m, 1H), 4.00 (s, 5H), 3.85 - 3.79 (m, 

1H), 3.81 - 3.73 (m, 1H), 3.70 - 3.59 (m, 1H), 3.45 - 3.31 (m, 1H), 2.95 (d, J = 17.5 Hz, 1H), 

2.76 (d, J = 17.5 Hz, 1H), 1.41 (d, J = 6.7 Hz, 3H), 0.91 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.9, 139.7 (d, J = 9.5 Hz), 136.7 (d, J = 8.7 Hz), 134.7 (d, J = 20.9 Hz), 

132.5 (d, J = 18.9 Hz), 129.2, 128.6, 128.4 (d, J = 6.4 Hz), 128.1 (d, J = 7.6 Hz), 96.2 (d, J = 

23.6 Hz), 75.1 (d, J = 7.8 Hz), 71.5 (d, J = 4.2 Hz), 69.6, 69.5 (d, J = 4.2 Hz), 69.1, 63.5, 60.1, 

51.4 (d, J = 8.5 Hz), 48.0, 33.3, 26.9, 19.2. 31P NMR (162 MHz, Chloroform-d) δ -25.08; 

HRMS(ESI) calcd. for C32H40FeN2O2P[M+H]+: 571.2171, found: 571.2174  

 

 L4 

Yellow solid, 395.6 mg, 67% yield, m.p. 70 - 74 ℃, [α]D
25 = +207 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.85 (d, J = 7.2 Hz, 1H), 7.56 - 7.46 (m, 2H), 7.41 - 7.27 
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(m, 6H), 7.28 - 7.17 (m, 6H), 4.95 - 4.87 (m, 1H), 4.44 - 4.39 (m, 1H), 4.33 - 4.28 (m, 1H), 

4.21 - 4.11 (m, 1H), 3.99 (s, 5H), 3.84 - 3.79 (m, 1H), 3.76 (d, J = 5.7 Hz, 2H), 3.19 - 2.52 (m, 

2H), 1.35 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.4, 139.9 (d, J = 9.4 

Hz), 138.9, 136.8 (d, J = 8.6 Hz), 134.8 (d, J = 20.9 Hz), 132.6 (d, J = 18.7 Hz), 129.3, 128.8, 

128.6 (d, J = 6.9 Hz), 128.5, 128.2 (d, J = 7.8 Hz), 127.9, 126.9, 96.3 (d, J = 23.6 Hz), 75.2 (d, 

J = 7.5 Hz), 71.7 (d, J = 4.4 Hz), 69.7, 69.6 (d, J = 4.3 Hz), 69.2, 67.1, 56.4, 51.6 (d, J = 8.1 

Hz), 48.5, 19.0.31P NMR (162 MHz, Chloroform-d) δ -24.77. HRMS(ESI) calcd. for 

C34H36FeN2O2P[M+H]+ : 591.1853, found: 591.1862. 

 

 L5 

Yellow solid, 308.3 mg, 51% yield, m.p. 66 - 72 ℃, [α]D
25 = +214 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.56 - 7.49 (m, 2H), 7.42 - 7.34 (m, 4H), 7.31 - 7.13 (m, 

9H), 4.41 - 4.36 (m, 1H), 4.33 - 4.28 (m, 1H), 4.13 - 4.06 (m, 1H), 3.97 (s, 5H), 3.90 - 3.85 (m, 

1H), 3.85 - 3.80 (m, 1H), 3.61 - 3.55 (m, 1H), 3.48 - 3.41 (m, 1H), 2.92 - 2.67 (m, 4H), 1.23 

(d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.5, 140.1 (d, J = 9.4 Hz), 137.8, 

136.9 (d, J = 8.0 Hz), 134.9 (d, J = 21.0 Hz), 132.5 (d, J = 18.4 Hz), 129.3, 129.2, 128.6, 128.5, 

128.4, 128.2 (d, J = 7.8 Hz), 126.6, 96.4 (d, J = 23.9 Hz), 75.1 (d, J = 7.7 Hz), 71.7 (d, J = 4.0 

Hz), 69.7, 69.5(d, J = 4.4 Hz), 69.2, 65.2, 53.7, 51.4 (d, J = 8.3 Hz), 48.3, 36.8, 18.7.31P NMR 

(162 MHz, Chloroform-d) δ -24.66. HRMS(ESI) calcd. for C35H38FeN2O2P[M+H]+: 605.2015, 

found: 605.2022. 

 

 L6 

Yellow solid, 266.6 mg, 40% yield. m.p. 79 - 83 ℃, [α]D
25 = +176 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 8.02 (d, J = 8.4 Hz, 1H), 7.56 - 7.51 (m, 2H), 7.40 - 7.37 
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(m, 3H), 7.24 - 7.15 (m, 11H), 7.03 - 7.00 (m, 2H), 6.97 - 6.93 (m, 2H), 5.18 - 5.09 (m, 1H), 

4.95 - 4.89 (m, 1H), 4.40 (s, 1H), 4.32 - 4.29 (m, 1H), 4.14 - 4.08 (m, 1H), 3.99 (s, 5H), 3.83 - 

3.80 (m, 1H), 2.90 (d, J = 17.4 Hz, 1H), 2.73 (d, J = 17.4 Hz, 1H), 1.27 (d, J = 6.7 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 172.3, 139.9, 139.7 (d, J = 9.5 Hz), 137.5, 136.7 (d, J = 8.5 

Hz), 134.7 (d, J = 20.9 Hz), 132.5 (d, J = 18.8 Hz), 129.2, 128.5, 128.5 (d, J = 6.3 Hz), 128.2, 

128.1, 128.0, 127.9, 127.7, 127.5 (d, J = 6.1 Hz), 126.7, 96.2 (d, J = 23.5 Hz), 75.0 (d, J = 7.8 

Hz), 71.5 (d, J = 4.1 Hz), 70.5, 69.7, 69.6 (d, J = 4.2 Hz), 69.2, 59.3, 51.6 (d, J = 8.3 Hz), 48.2, 

19.1. 31P NMR (162 MHz, Chloroform-d) δ -24.80. HRMS(ESI) calcd. for 

C40H40FeN2O2P[M+H]+: 667.2171, found: 667.2178.  

 L7 

Yellow solid, 401.0 mg, 64% yield. m.p. 46 - 50 ℃, [α]D
25 = +216 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.83 - 7.74 (m, 1H), 7.57 - 7.53 (m, 2H), 7.41 - 7.37 (m, 

3H), 7.26 - 7.15 (m, 5H), 4.49 - 4.45 (m, 1H), 4.39 - 4.35 (m, 1H), 4.07 - 4.02 (m, 1H), 3.95 (s, 

5H), 3.91 - 3.86 (m, 2H), 3.66 - 3.62 (m, 1H), 3.56 - 3.52 (m, 1H), 2.78 (s, 1H), 1.46 (d, J = 

6.6 Hz, 3H), 0.94 (s, 9H), 0.61 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 176.7, 140.6 (d, 

J = 8.7 Hz), 137.3 (d, J = 8.3 Hz), 135.4 (d, J = 21.9 Hz), 132.2 (d, J = 17.2 Hz), 129.4, 128.4 

(d, J = 5.7 Hz), 128.1 (d, J = 8.2 Hz), 128.0, 99.0 (d, J = 26.5 Hz), 74.2 (d, J = 8.8 Hz), 71.1 

(d, J = 4.4 Hz), 70.9, 69.8, 69.6, 69.1 (d, J = 4.7 Hz), 65.0, 61.1, 52.5 (d, J = 8.6 Hz), 33.9, 

33.0, 27.1, 27.0, 19.7. 31P NMR (162 MHz, Chloroform-d) δ -26.05. HRMS(ESI) calcd. for 

C36H48FeN2O2P[M+H]+: 627.2797, found: 627.2806.  

 

 L8 



 

S9 

 

Yellow solid, 445.2 mg, 80% yield. m.p. 37 - 40 ℃, [α]D
25 = +312 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.59 - 7.48 (m, 2H), 7.41 - 7.28 (m, 8H), 4.52 - 4.46 (m, 

1H), 4.32 - 4.26 (m, 1H), 4.04 (s, 6H), 3.80 - 3.74 (m, 1H), 3.57 - 3.49 (m, 1H), 3.16 - 3.05 (m, 

1H), 2.53 - 2.42 (m, 1H), 2.23 - 2.16 (m, 1H), 2.15 - 2.08 (m, 2H), 2.03 - 1.99 (m, 1H), 1.47 

(d, J = 6.5 Hz, 3H), 0.79 (s, 9H).13C NMR (101 MHz, Chloroform-d) δ 139.8 (d, J = 10.2 Hz), 

136.6 (d, J = 8.8 Hz), 134.7 (d, J = 20.8 Hz), 132.9 (d, J = 19.6 Hz), 129.1, 128.7, 128.5 (d, J 

= 6.6 Hz), 128.2 (d, J = 7.8 Hz), 97.1 (d, J = 23.7 Hz), 75.2 (d, J = 6.5 Hz), 71.2 (d, J = 4.1 

Hz), 69.7, 69.4 (d, J = 4.0 Hz), 69.1, 67.4, 61.6, 51.4 (d, J = 9.8 Hz), 49.3, 46.6, 34.6, 27.0, 

18.9.31P NMR (162 MHz, Chloroform-d) δ -25.53. HRMS(ESI) calcd. for 

C32H42FeN2OP[M+H]+: 557.2379, found: 557.2389. 

 L9 

Yellow solid, 227.3 mg, 40% yield. m.p. 136 - 142 ℃, [α]D
25 = +126 (c = 0.1, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.55 - 7.47 (m, 2H), 7.40 - 7.20 (m, 8H), 6.61 (s, 1H), 

4.53 - 4.48 (m, 1H), 4.29 (s, 1H), 4.24 - 4.14 (m, 1H), 4.03 (s, 5H), 3.84 - 3.79 (m, 2H), 3.75 - 

3.70 (m, 1H), 2.69 - 2.58 (m, 1H), 2.36 - 2.26 (m, 1H), 2.13 - 1.98 (m, 2H), 1.62 - 1.47 (m, 

2H), 1.43 (d, J = 6.4 Hz, 3H), 1.12 - 0.98 (m, 2H), 1.00 - 0.91 (m, 1H), 0.47 - 0.28 (m, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 171.8, 139.4 (d, J = 9.5 Hz), 136.3 (d, J = 8.3 Hz), 134.9 (d, 

J = 21.0 Hz), 132.7 (d, J = 19.1 Hz), 129.2, 129.0, 128.7 (d, J = 6.5 Hz), 128.1 (d, J = 7.9 Hz), 

97.2 (d, J = 23.6 Hz), 74.7 (d, J = 6.3 Hz), 71.4 (d, J = 4.3 Hz), 69.6, 69.5 (d, J = 4.0 Hz), 69.3, 

61.9, 56.8, 53.4, 46.8 (d, J = 9.7 Hz), 32.1, 30.2, 24.6, 24.2, 19.1. 31P NMR (162 

MHz,Chloroform-d) δ -25.09. HRMS(ESI) calcd. for C32H38FeN2O2P[M+H]+: 569.2015, 

found: 569.2018. 

 



 

S10 

 

 L10 

Yellow solid, 233.7 mg, 40% yield. m.p. 90 - 93 ℃, [α]D
25 = +399 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.89 (s, 1H), 7.55 (s, 2H), 7.42 - 7.34 (m, 4H), 7.22 - 7.18 

(m, 3H), 7.15 - 7.09 (m, 2H), 5.25 - 5.14 (m, 1H), 4.51 - 4.48 (m, 1H), 4.35 - 4.31 (m, 1H), 

4.00 (s, 5H), 3.85 - 3.82 (m, 1H), 3.80 - 3.74 (m, 1H), 3.64 - 3.50 (m, 2H), 1.50 (d, J = 6.8 Hz, 

3H), 0.94 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 160.4, 157.2, 139.4 (d, J = 8.5 Hz), 

136.9 (d, J = 7.6 Hz), 135.2 (d, J = 21.3 Hz), 132.2 (d, J = 17.9 Hz), 129.2, 128.1 (d, J = 8.1 

Hz), 127.9 (d, J = 6.1 Hz), 127.8, 94.7 (d, J = 25.0 Hz), 74.8 (d, J = 10.6 Hz), 72.1 (d, J = 4.4 

Hz), 69.9 (d, J = 4.4 Hz), 69.8, 69.5, 62.6, 60.8, 44.8 (d, J = 6.4 Hz), 33.6, 26.8, 21.6. 31P NMR 

(162 MHz, Chloroform-d) δ -24.47. HRMS(ESI) calcd. for C32H38FeN2O3P[M+H]+: 585.1964, 

found: 585.1974. 

 L11 

Yellow solid, 210.8 mg, 35% yield. m.p. 76 - 79 ℃, [α]D
25 = +268 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.78 - 7.71 (m, 1H), 7.48 - 7.42 (m, 2H), 7.38 - 7.34 (m, 

3H), 7.25 - 7.11 (m, 9H), 5.31 - 5.24 (m, 1H), 4.55 - 4.48 (m, 1H), 4.45 - 4.42 (m, 1H), 4.31 - 

4.28 (m, 1H), 4.21 - 4.15 (m, 1H), 3.97 (s, 5H), 3.82 - 3.79 (m, 1H), 3.14 - 3.05 (m, 2H), 2.93 

- 2.84 (m, 2H), 1.41 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.2, 140.4, 

140.2, 139.8 (d, J = 9.6 Hz), 136.8 (d, J = 8.6 Hz), 134.8 (d, J = 21.2 Hz), 132.5 (d, J = 18.7 

Hz), 129.1, 128.4, 128.3, 128.1 (d, J = 1.4 Hz), 128.0, 127.0, 125.3, 124.6, 96.2 (d, J = 23.8 

Hz), 75.0 (d, J = 8.0 Hz), 73.7, 71.5 (d, J = 4.1 Hz), 70.4, 69.6, 69.1, 57.1, 51.5 (d, J = 8.1 Hz), 

48.4, 39.5, 19.1. 31P NMR (162 MHz, Chloroform-d) δ -25.08. HRMS(ESI) calcd. for 

C35H36FeN2O2P[M+H]+: 603.1858, found: 603.1868. 
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 L12 

Yellow solid, 731.3 mg, 92% yield. m.p. 73 - 76 ℃, [α]D
25 = +194 (c = 0.1, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.75 - 7.69 (m, 1H), 7.44 - 7.36 (m, 3H), 7.33 - 7.29 (m, 

1H), 7.24 - 7.18 (m, 2H), 4.39 - 4.35 (m, 1H), 4.30 - 4.23 (m, 1H), 4.15 - 4.09 (m, 1H), 4.06 (s, 

5H), 3.83 - 3.77 (m, 1H), 3.73 - 3.70 (m, 1H), 3.61 - 3.56 (m, 1H), 3.47 - 3.39 (m, 1H), 2.71 

(d, J = 17.8 Hz, 1H), 2.55 (d, J = 17.8 Hz, 1H), 1.35 (d, J = 6.9 Hz, 3H), 1.30 (s, 18H), 1.22 (s, 

18H), 0.90 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 174.5, 150.8 (d, J = 6.9 Hz), 150.3 

(d, J = 7.4 Hz), 138.2 (d, J = 8.0 Hz), 135.0 (d, J = 7.4 Hz), 128.8 (d, J = 21.0 Hz), 127.7 (d, J 

= 20.8 Hz), 123.0, 122.8, 95.5 (d, J = 21.6 Hz), 71.3 (d, J = 3.9 Hz), 69.7, 69.1 (d, J = 3.7 Hz), 

68.6, 64.2, 60.6, 52.0 (d, J = 8.7 Hz), 48.7, 34.9 (d, J = 6.7 Hz), 33.3, 31.5, 31.4, 26.9, 19.1. 

31P NMR (162 MHz, Chloroform-d) δ -23.87. HRMS(ESI) calcd. for C48H72FeN2O2P[M+H]+: 

795.4675, found: 795.4685. 

 L13 

Yellow solid, 400.4 mg, 78% yield. m.p. 49 - 52 ℃, [α]D
25 = +240 (c = 0.1, CH2Cl2); 1H 

NMR (400 MHz, Chloroform-d) δ 7.56 - 7.51 (m, 2H), 7.39 - 7.35 (m, 3H), 7.25 - 7.19 (m, 

5H), 4.50 - 4.45 (m, 1H), 4.37 - 4.32 (m, 1H), 4.27 - 4.20 (m, 1H), 3.99 (s, 5H), 3.87 - 3.80 

(m, 1H), 3.36 (dd, J = 10.1, 5.1 Hz, 1H), 2.89 (dd, J = 10.1, 7.8 Hz, 1H), 2.38 (dd, J = 7.9, 5.1 

Hz, 1H), 1.46 (d, J = 6.4 Hz, 3H), 0.61 (s, 9H).
 13C NMR (101 MHz, Chloroform-d) δ 140.2 

(d, J = 9.2 Hz), 137.3 (d, J = 9.0 Hz), 135.3 (d, J = 21.6 Hz), 132.5 (d, J = 18.1 Hz), 129.2, 

128.4 (d, J = 6.0 Hz), 128.2, 128.0 (d, J = 8.1 Hz), 99.9 (d, J = 25.7 Hz), 74.1, 71.1 (d, J = 4.5 
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Hz), 69.6, 69.5, 69.1 (d, J = 4.7 Hz), 62.9, 59.9, 50.0 (d, J = 7.6 Hz), 34.5, 26.8 (d, J = 1.9 Hz), 

21.2.
 31P NMR (162 MHz, Chloroform-d) δ -25.74. HRMS (ESI) calcd for C30H37FeNOP 

[M+H]+: 514.1957; Found: 514.1943.  

III. General procedure for asymmetric hydrogenation of chalcones 

General procedure for S/C = 2 000: To a 2.5 mL vial was added the catalyst precursor 

[Ir(COD)Cl]2 (1.7 mg, 0.0025 mmol), ligand L12 (4.4 mg, 0.0055 mmol) and anhydrous i-

PrOH (2 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 (20 µL, 0.00005 mmol) was 

transferred into a 5 mL hydrogenation vessel, then Cs2CO3 (1.6 mg, 0.005 mmol), ketone (0.1 

mmol) and anhydrous n-hexane (2 mL) was added. The vessels were placed in an autoclave 

which was then charged with 50 atm of H2 and stirred at 25 - 30 ℃ for 12 h. After slowly 

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

silica gel to remove the metal complex. The product was analyzed by 1H NMR to determine 

the conversion. The ee values were determined by HPLC analysis on a chiral stationary phase. 

 

 

(R, E)-1,3-diphenylprop-2-en-1-ol (4a). Colorless oil, 20.0 mg,>99% yield; 97% ee; 

[α]D
25 = +26.4 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol=90:10, 1.0 

mL/min, 254 nm) indicated 97% ee: tR (minor) = 17.4 min, tR (major) = 22.7 min. 1H NMR 

(400 MHz, Chloroform-d) δ 7.46 - 7.20 (m, 10H), 6.68 (dd, J = 15.8, 1.2 Hz, 1H), 6.38 (dd, J 

= 15.8, 6.5 Hz, 1H), 5.42 - 5.33 (m, 1H), 2.12 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 

142.7, 136.5, 131.5, 130.5, 128.6, 128.5, 127.8, 127.8, 126.6, 126.3, 75.1. 

 

 

(R, E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-ol (4b). Colorless oil, 23.9 

mg, >99%yield; 93% ee; [α]D
25 = +28.0 (c = 1.00,CHCl3).HPLC analysis (OD-H, n-hexane: 

isopropanol = 90:10, 1.0 mL/min, 254 nm) indicated 93% ee: tR (minor) = 23.9 min, tR (major) 
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= 35.3 min.1H NMR (400 MHz, Chloroform-d) δ 7.41 - 7.27 (m, 6H), 7.25 - 7.19 (m, 1H), 6.90 

(d, J = 8.7 Hz, 2H), 6.67 (dd, J = 16.2, 1.1 Hz, 1H), 6.38 (dd, J = 15.9, 6.3 Hz, 1H), 5.34 (d, J 

= 6.3 Hz, 1H), 3.81 (s, 3H), 2.00 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 159.3, 136.6, 135.0, 

131.7, 130.2, 128.6, 127.7, 126.6, 114.0, 74.7, 55.3. 

 

 

(R, E)-3-phenyl-1-(p-tolyl)prop-2-en-1-ol (4c). Colorless oil, 22.3 mg, >99% yield; 94% 

ee; [α]D
25 = +16.6 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 

1.0 mL/min, 254 nm) indicated 94% ee: tR (minor) = 14.9 min, tR (major) = 23.1 min.1H NMR 

(400 MHz, Chloroform-d) δ 7.42 - 7.27 (m, 6H), 7.25 - 7.15 (m, 3H), 6.68 (dd, J = 15.9, 1.3 

Hz, 1H), 6.38 (dd, J = 15.8, 6.4 Hz, 1H), 5.39 - 5.32 (m, 1H), 2.35 (s, 3H), 1.97 (d, J = 3.5 Hz, 

1H).13C NMR (101 MHz, CDCl3) δ 139.9, 137.6, 136.6, 131.7, 130.3, 129.3, 128.6, 127.7, 

126.6, 126.3, 75.0, 21.2. 

 

(R, E)-1-(4-fluorophenyl)-3-phenylprop-2-en-1-ol (4d). Colorless oil, 22.7 mg, >99% 

yield; 95% ee; [α]D
25 = +24.7 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane : isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 95% ee: tR (minor) = 13.9 min, tR (major) = 20.5 

min.1H NMR (400 MHz, Chloroform-d) δ 7.44 - 7.35 (m, 4H), 7.35 - 7.28 (m, 2H), 7.28 - 7.21 

(m, 1H), 7.10 - 7.00 (m, 2H), 6.68 (dd, J = 15.9, 1.3 Hz, 1H), 6.35 (dd, J = 15.8, 6.6 Hz, 1H), 

5.41 - 5.34 (m, 1H), 2.03 (d, J = 3.4 Hz, 1H).13C NMR (101 MHz, Chloroform-d) δ 162.35 (d, 

J = 246.1 Hz), 138.50 (d, J = 3.2 Hz), 136.35, 131.31, 130.81, 128.63, 128.06 (d, J = 8.1 Hz), 

127.95, 126.63, 115.45 (d, J = 21.3 Hz), 74.51. 

 

 

(R, E)-1-(3-methoxyphenyl)-3-phenylprop-2-en-1-ol (4e). Colorless oil, 23.9 mg, >99% 

yield; 86% ee; [α]D
25 = +5.3 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane : isopropanol 
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= 90:10, 1.0 mL/min, 254 nm) indicated 86% ee: tR (minor) = 24.7 min, tR (major) = 34.7 

min.1H NMR (400 MHz, Chloroform-d) δ 7.43 - 7.35 (m, 2H), 7.34 - 7.27 (m, 3H), 7.27 - 7.20 

(m, 1H), 7.05 - 6.96 (m, 2H), 6.87 - 6.80 (m, 1H), 6.69 (dd, J = 15.9, 1.2 Hz, 1H), 6.37 (dd, J 

= 15.8, 6.5 Hz, 1H), 5.36 (d, J = 5.9 Hz, 1H), 3.81 (s, 3H), 2.07 (d, J = 3.3 Hz, 1H).13C NMR 

(101 MHz, CDCl3) δ 159.9, 144.5, 136.5, 131.4, 130.7, 129.7, 128.6, 127.8, 126.6, 118.6, 113.4, 

111.8, 75.1, 55.3. 

 

  

(R, E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-ol (4f). Colorless oil, 22.7 mg, >99% 

yield; 95% ee; [α]D
25 = +1.2 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 95% ee: tR (minor) = 15.4 min, tR (major) = 22.9 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.42 - 7.28 (m, 5H), 7.28 - 7.22 (m, 1H), 7.22 - 7.13 (m, 

2H), 7.03 - 6.92 (m, 1H), 6.69 (dd, J = 15.8, 1.2 Hz, 1H), 6.34 (dd, J = 15.8, 6.8 Hz, 1H), 5.38 

(d, J = 6.7 Hz, 1H), 2.07 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 163.1 (d, J = 246.1 

Hz), 145.3 (d, J = 6.7 Hz), 136.3, 131.3, 130.9, 130.1 (d, J = 8.2 Hz), 128.6, 128.0, 126.7, 121.9 

(d, J = 2.9 Hz), 114.6 (d, J = 21.3 Hz), 113.2 (d, J = 22.1 Hz), 74.6 (d, J = 1.9 Hz). 

 

 

(R, E)-3-phenyl-1-(3-(trifluoromethyl)phenyl)prop-2-en-1-ol (4g). Yellow oil, 27.7 

mg, >99% yield; 94% ee; [α]D
25 = +1.2 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane : 

isopropanol = 90:10, 1.0 mL/min, 254 nm) indicated 94% ee: tR (minor) = 13.2 min, tR (major) 

= 22.2 min.1H NMR (400 MHz, Chloroform-d) δ 7.72 (s, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.56 

(d, J = 7.8 Hz, 1H), 7.52 - 7.44 (m, 1H), 7.43 - 7.36 (m, 2H), 7.36 - 7.28 (m, 2H), 7.30 - 7.22 

(m, 1H), 6.71 (dd, J = 15.8, 1.2 Hz, 1H), 6.34 (dd, J = 15.8, 6.9 Hz, 1H), 5.44 (d, J = 6.9 Hz, 

1H), 2.04 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 143.6, 136.1, 131.6, 130.9 (q, J = 

32.3 Hz), 130.7, 129.7, 129.0, 128.6, 128.1, 126.7, 124.5 (q, J = 3.8 Hz), 124.1(q, J = 273.7 

Hz), 123.0 (q, J = 3.8 Hz), 74.63. 
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(R, E)-1-(2-fluorophenyl)-3-phenylprop-2-en-1-ol (4h). Colorless oil, 22.7 mg, >99% 

yield; 98% ee; [α]D
25 = +28.0 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane : isopropanol 

= 92:8, 0.5 mL/min, 254 nm) indicated 98% ee: tR (major) = 29.8 min, tR (minor) = 31.3 min.1H 

NMR (400 MHz, Chloroform-d) δ 7.49 - 7.26 (m, 6H), 7.26 - 7.15 (m, 1H), 7.12 - 6.98 (m, 

2H), 6.87 (dd, J = 16.0, 1.3 Hz, 1H), 6.47 (dd, J = 16.0, 6.5 Hz, 1H), 5.44 - 5.37 (m, 1H), 2.07 

(d, J = 3.5 Hz, 1H).13C NMR (101 MHz, Chloroform-d) δ 160.4 (d, J = 249.7 Hz), 142.6, 134.0 

(d, J = 4.8 Hz), 129.1(d, J = 8.5 Hz), 128.7, 127.91, 127.6 (d, J = 3.6 Hz), 126.4, 124.3 (d, J = 

12.2 Hz), 124.1 (d, J = 3.6 Hz), 122.9 (d, J = 3.7 Hz), 115.8 (d, J = 22.2 Hz), 75.3. 

 

  

(R, E)-3-phenyl-1-(pyridin-2-yl)prop-2-en-1-ol (4i). Colorless oil, 21.0 mg, >99% yield; 

93% ee; [α]D
25 = +22.6 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 

95:5, 0.5 mL/min, 254 nm) indicated 93% ee: tR (minor) = 51.3 min, tR (major) = 54.6 min. 1H 

NMR (400 MHz, Chloroform-d) δ 8.75 (m, 1H), 8.31 (d, J = 16.0 Hz, 1H), 8.20 (m, 1H), 7.95 

(d, J = 16.1 Hz, 1H), 7.88 (m, 1H), 7.79 - 7.69 (m, 2H), 7.49 (m, 1H), 7.42 (m, 4H), 1.61 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 189.5, 154.3, 148.9, 144.8, 137.0, 135.2, 130.6, 128.9, 

126.9, 123.0, 120.9, 29.7. 

 

 

(R, E)-1-(furan-2-yl)-3-phenylprop-2-en-1-ol (4j). Colorless oil, 19.7 mg, >99% yield; 

91% ee; [α]D
25 = +21.1 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 

90:10, 1.0 mL/min, 254 nm) indicated 91% ee: tR (minor) = 14.8 min, tR (major) = 20.7 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 - 7.39 (m, 3H), 7.32 (m, 2H), 7.24 (m, 1H), 6.73 

(dd, J = 15.9, 1.3 Hz, 1H), 6.45 (dd, J = 15.9, 6.4 Hz, 1H), 6.35 (m, 1H), 6.30 (m, 1H), 5.43 - 
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5.36 (m, 1H), 2.26 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 155.1, 142.5, 136.3, 131.9, 

128.6, 128.0, 127.9, 126.7, 110.3, 106.7, 68.5. 

 

  

(R, E)-1-(naphthalen-2-yl)-3-phenylprop-2-en-1-ol (4k). Colorless oil, 24.5 mg, >99% 

yield; 94% ee; [α]D
25 = +30.5 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 94% ee: tR (minor) = 26.4 min, tR (major) = 44.4 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.91 - 7.77 (m, 4H), 7.55 - 7.19 (m, 8H), 6.71 (dd, J = 

15.9, 1.2 Hz, 1H), 6.43 (dd, J = 15.9, 6.5 Hz, 1H), 5.51 (d, J = 6.4 Hz, 1H), 2.31 (s, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 140.1, 136.5, 133.3, 133.0, 131.3, 130.8, 128.6, 128.4, 128.0, 

127.8, 127.7, 126.6, 126.2, 126.0, 124.9, 124.5, 75.2. 

 

  

(R, E)-4-phenylbut-3-en-2-ol (4l). Colorless oil, 14.0 mg, >99% yield; 90% ee; [α]D
25 = 

+17.8 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol=90:10, 1.0 mL/min, 

254 nm) indicated 90% ee: tR (minor) = 10.0 min, tR (major) = 15.8 min. 1H NMR (400 MHz, 

Chloroform-d) δ 7.42 - 7.27 (m, 4H), 7.27 - 7.20 (m, 1H), 6.57 (dd, J = 15.9, 1.2 Hz, 1H), 6.26 

(dd, J = 15.9, 6.4 Hz, 1H), 4.49 (m, 1H), 1.66 (m, 1H), 1.37 (d, J = 6.4 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 136.7, 133.6, 129.4, 128.6, 127.7, 126.5, 23.4. 

 

 

(R, E)-1-phenylhept-1-en-3-ol (4m). Colorless oil, 20.7 mg, >99% yield; 90% ee; [α]D
25 

= +13.7 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 1.0 mL/min, 

254 nm) indicated 90% ee: tR (major) = 7.8 min, tR (minor) = 12.5 min.1H NMR (400 MHz, 

Chloroform-d) δ 7.41 - 7.20 (m, 5H), 6.55 (dd, J = 15.9, 1.1 Hz, 1H), 6.21 (dd, J = 15.9, 6.8 

Hz, 1H), 4.32 - 4.19 (m, 1H), 1.76 (s, 1H), 1.70 - 1.55 (m, 2H), 1.45 - 1.29 (m, 4H), 0.96 - 0.87 
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(m, 3H).
 13C NMR (101 MHz, Chloroform-d) δ 136.7, 132.6, 130.1, 128.5, 127.6, 126.4, 73.1, 

37.0, 27.6, 22.6, 14.0. 

 

  

(R, E)-3-(2-methoxyphenyl)-1-phenylprop-2-en-1-ol (4n). Colorless oil, 23.5 mg, >99% 

yield; 89% ee; [α]D
25 = +2.0 (c = 1.00, CHCl3). HPLC analysis (IC-H, n-hexane: isopropanol 

= 95:05, 1.0 mL/min, 254 nm) indicated 89% ee: tR (major) = 19.2 min, tR (minor) = 23.5 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.48 - 7.33 (m, 5H), 7.32 - 7.26 (m, 1H), 7.25 - 7.19 (m, 

1H), 7.04 (d, J = 16.2 Hz, 1H), 6.95 - 6.83 (m, 2H), 6.40 (dd, J = 15.9, 6.9 Hz, 1H), 5.42 - 5.36 

(m, 1H), 3.85 (s, 3H), 2.05 (d, J = 3.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 156.9, 143.0, 

132.1, 128.9, 128.6, 127.6, 127.1, 126.3, 125.6, 125.5, 120.6, 110.9, 75.7, 55.5. 

 

 

(R, E)-1-phenyl-3-(o-tolyl)prop-2-en-1-ol (4o). Colorless oil, 21.6 mg, >99% yield; 97% 

ee; [α]D
25 = +16.0 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 

1.0 mL/min, 254 nm) indicated 97% ee: tR (minor) = 16.6min, tR (major) = 22.0 min. 1H NMR 

(400 MHz, Chloroform-d) δ 7.47 - 7.26 (m, 6H), 7.17 - 7.11 (m, 3H), 6.91 (dd, J = 15.7, 1.3 

Hz, 1H), 6.27 (dd, J = 15.7, 6.6 Hz, 1H), 5.40 (d, J = 6.6 Hz, 1H), 2.36 (s, 3H), 2.05 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ 142.9, 135.7, 135.6, 132.9, 130.3, 128.7, 128.4, 127.8, 127.7, 

126.4, 126.1, 125.8, 75.4, 19.8. 

 

 

(R, E)-3-(2-fluorophenyl)-1-phenylprop-2-en-1-ol (4p). Colorless oil, 23.1 mg, >99% 

yield; 98% ee; [α]D
25 = +27.0 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 92:8, 0.5 mL/min, 254 nm) indicated 98% ee: tR (major) = 30.3min, tR (minor) = 32.0 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.47 - 7.26 (m, 6H), 7.23 - 7.15 (m, 1H), 7.11 - 6.97 (m, 



 

S18 

 

2H), 6.86 (dd, J = 16.0, 1.3 Hz, 1H), 6.46 (dd, J = 16.0, 6.5 Hz, 1H), 5.38 (dd, 1H), 2.17 (d, J 

= 3.5 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 160.3 (d, J = 249.5 Hz), 142.5, 134.0 (d, 

J = 4.7 Hz), 129.0 (d, J = 8.4 Hz), 128.6, 127.9, 127.6 (d, J = 3.7 Hz), 126.3, 124.3 (d, J = 12.2 

Hz), 124.1 (d, J = 3.6 Hz), 122.9 (d, J = 3.7 Hz), 115.7 (d, J = 22.1 Hz), 75.3. 

 

  

(R, E)-3-(3-methoxyphenyl)-1-phenylprop-2-en-1-ol (4q). Colorless oil, 23.9 mg, >99% 

yield; 99% ee; [α]D
25 = +27.4 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 99% ee: tR (minor) = 33.5min, tR (major) = 73.0 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.48 - 7.27 (m, 5H), 7.25 - 7.18 (m, 1H), 7.02 - 6.95 (m, 

1H), 6.95 - 6.89 (m, 1H), 6.83 - 6.76 (m, 1H), 6.66 (dd, J = 15.8, 1.3 Hz, 1H), 6.38 (dd, J = 

15.9, 6.5 Hz, 1H), 5.39 (dd, J = 6.4, 1.2 Hz, 1H), 3.80 (s, 3H), 2.04 (s, 1H).13C NMR (101 MHz, 

CDCl3) δ 159.8, 142.7, 138.0, 131.8, 130.5, 129.6, 128.7, 127.9, 126.4, 119.3, 113.6, 111.8, 

75.1, 55.2. 

 

  

(R, E)-3-(3-chlorophenyl)-1-phenylprop-2-en-1-ol (4r). Colorless oil, 25.1 mg, >99% 

yield; 97% ee; [α]D
25 = +22.4 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 97% ee: tR (minor) = 14.1min, tR (major) = 18.6 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 - 7.28 (m, 6H), 7.25 - 7.18 (m, 3H), 6.64 (dd, J = 

15.9, 1.3 Hz, 1H), 6.40 (dd, J = 15.8, 6.2 Hz, 1H), 5.42 - 5.36 (m, 1H), 2.05 (d, J = 3.6 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 142.5, 138.5, 134.5, 133.0, 129.8, 129.0, 128.7, 128.0, 127.7, 

126.5, 126.4, 124.8, 74.9. 

 

 

(R, E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-ol (4s). Colorless oil, 23.2 mg, >99% 
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yield; 94% ee; [α]D
25 = +23.8 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 94% ee: tR (major) = 21.4 min, tR (minor) = 24.7 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.46 - 7.26 (m, 7H), 6.84 (d, J = 8.8 Hz, 2H), 6.62 (dd, 

J = 15.8, 1.2 Hz, 1H), 6.25 (dd, J = 15.8, 6.7 Hz, 1H), 5.36 (d, J = 6.8 Hz, 1H), 3.80 (s, 3H), 

2.04 (d, J = 2.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 159.4, 143.0, 130.3, 129.4, 129.3, 

128.6, 127.8, 127.7, 126.3, 114.0, 75.3, 55.3. 

 

  

(R, E)-1-phenyl-3-(4-(trifluoromethyl)phenyl)prop-2-en-1-ol (4t). Colorless oil, 28.5 

mg, >99% yield; 97% ee; [α]D
25 = +23.8 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: 

isopropanol = 90:10, 1.0 mL/min, 254 nm) indicated 97% ee: tR (major) = 10.0 min, tR (minor) 

= 11.5 min. 1H NMR (400 MHz, Chloroform-d) δ 7.47 - 7.21 (m, 7H), 7.10 - 7.00 (m, 2H), 

6.68 (dd, J = 15.9, 1.2 Hz, 1H), 6.35 (dd, J = 15.8, 6.6 Hz, 1H), 5.38 (dd, J = 7.1, 2.8 Hz, 1H), 

2.03 (d, J = 3.4 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 162.4 (d, J = 246.1 Hz), 138.5 

(d, J = 3.2 Hz), 136.4, 131.3, 130.8, 128.6, 128.1, 128.0, 128.0, 126.6, 115.5 (d, J = 21.3 Hz), 

74.5. 

 

 

(R, E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-ol (4u). Colorless oil, 22.8 mg, >99% 

yield; 96% ee; [α]D 25 = +24.3 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 96% ee: tR (major) = 12.9 min, tR (minor) = 17.2 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.46 - 7.26 (m, 9H), 6.65 (dd, J = 15.9, 1.3 Hz, 1H), 6.36 

(dd, J = 15.8, 6.3 Hz, 1H), 5.41 - 5.36 (m, 1H), 2.04 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

142.6, 135.1, 133.4, 132.2, 129.2, 128.8, 128.7, 128.0, 127.8, 126.4, 75.0. 
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(R, E)-3-(4-fluorophenyl)-1-phenylprop-2-en-1-ol (4v). Colorless oil, 23.2 mg, >99% 

yield; 96% ee; [α]D
25 = +22.6 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 96% ee: tR (major) = 11.4 min, tR (minor) = 14.0 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 - 7.27 (m, 7H), 6.99 (t, J = 8.7 Hz, 2H), 6.65 (dd, J 

= 15.9, 1.3 Hz, 1H), 6.30 (dd, J = 15.9, 6.5 Hz, 1H), 5.38 (d, J = 6.5 Hz, 1H), 2.03 (s, 1H).13C 

NMR (101 MHz, Chloroform-d) δ 162.4 (d, J = 247.0 Hz), 142.7, 132.7 (d, J = 3.6 Hz), 131.3 

(d, J = 2.2 Hz), 129.4, 128.7, 128.2 (d, J = 8.1 Hz), 127.9, 126.3, 115.5 (d, J = 21.6 Hz), 75.1. 

 

 

 (R, E)-1-phenyl-3-(pyridin-2-yl)prop-2-en-1-ol (4w). Colorless oil, 20.5 mg, >99% 

yield; 96% ee; [α]D
25 = +22.6 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 96% ee: tR (minor) = 23.9 min, tR (major) = 29.0 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.52 (d, J = 4.6 Hz, 1H), 7.67 - 7.55 (m, 1H), 7.50 - 7.41 

(m, 2H), 7.40 - 7.33 (m, 2H), 7.33 - 7.26 (m, 2H), 7.17 - 7.08 (m, 1H), 6.89 (dd, J = 15.7, 5.7 

Hz, 1H), 6.84 - 6.75 (dd, J = 16.0, 4.0 Hz,1H), 5.45 (d, J = 5.7 Hz, 1H), 1.75 (s, 1H). 13C NMR 

(101 MHz, CDCl3) δ 155.2, 149.4, 142.5, 136.6, 136.4, 129.6, 128.7, 127.8, 126.5, 122.3, 121.8, 

74.6. 

 

 

(R, E)-3-(naphthalen-2-yl)-1-phenylprop-2-en-1-ol (4x). Colorless oil, 28.2 mg, >99% 

yield; 97% ee; [α]D
25 = +11.5 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 97% ee: tR (major) = 24.7 min, tR (minor) = 29.3 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.81 - 7.73 (m, 4H), 7.61 - 7.56 (m, 1H), 7.49 - 7.28 (m, 

7H), 6.85 (dd, J = 15.8, 1.2 Hz, 1H), 6.51 (dd, J = 15.8, 6.5 Hz, 1H), 5.51 - 5.38 (m, 1H), 2.17 

- 2.08 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 142.8, 134.0, 133.6, 133.1, 131.9, 130.7, 

128.7, 128.2, 128.0, 127.9, 127.7, 126.7, 126.4, 126.3, 126.0, 123.7, 75.3. 

 



 

S21 

 

 

(R, E)-1-phenylbut-2-en-1-ol (4y). Colorless oil, 16.3 mg, >99% yield; 95% ee; [α]D
25 = 

+0.5 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 1.0 mL/min, 

254 nm) indicated 95% ee: tR (major) = 6.7 min, tR (minor) = 7.3 min.1H NMR (400 MHz, 

Chloroform-d) δ 7.42 - 7.20 (m, 5H), 6.57 (dd, J = 15.9, 1.2 Hz, 1H), 6.26 (dd, J = 15.9, 6.4 

Hz, 1H), 4.55 - 4.43 (m, 1H), 1.63 (s, 1H), 1.37 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 136.7, 133.5, 129.4, 128.6, 127.6, 126.4, 68.9, 23.4. 

 

  

(R, E)-1,3-diphenylbut-2-en-1-ol (4z). Colorless oil, 24.4 mg, >99% yield; 99% ee; 

[α]D
25 = +34.4 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 1.0 

mL/min, 254 nm) indicated 99% ee: tR (minor) = 11.3 min, tR (major) = 18.8 min. 1H NMR 

(400 MHz, Chloroform-d) δ 7.47 - 7.26 (m, 10H), 6.01 (dd, J = 8.6, 1.3 Hz, 1H), 5.65 (dd, J = 

8.5, 2.7 Hz, 1H), 2.20 (d, J = 1.4 Hz, 3H), 1.96 (d, J = 3.2 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 143.6, 142.7, 137.3, 130.1, 128.6, 128.2, 127.6, 127.4, 126.0, 125.9, 71.1, 

16.5. 

 

 

(S, E)-1,2,3-triphenylprop-2-en-1-ol (4aa). Colorless oil, 29.2 mg, >99% yield; 99% ee; 

[α]D
25 = +33.3 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 1.0 

mL/min, 254 nm) indicated 99% ee: tR (major) = 10.1 min, tR (minor) = 11.8min. 1H NMR 

(400 MHz, Chloroform-d) δ 7.36 - 7.25 (m, 5H), 7.24 - 7.18 (m, 3H), 7.11 - 7.06 (m, 3H), 6.98 

- 6.91 (m, 4H), 6.87 (d, J = 1.2 Hz, 1H), 5.55 (s, 1H), 2.16 (d, J = 3.8 Hz, 1H). 13C NMR (101 

MHz, Chloroform-d) δ 143.9, 141.7, 138.0, 136.4, 129.4, 129.3, 128.5, 128.3, 128.0, 127.7, 

127.4, 127.2, 127.0, 126.9, 79.2. 
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(R, E)-3-benzylidenechroman-4-ol (4ab). Colorless oil, 23.0 mg, >99% yield; 88% ee; 

[α]D
25 = +0.8 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol = 90:10, 1.0 

mL/min, 254 nm) indicated 88% ee: tR (minor) = 12.9 min, tR (major) = 21.5 min. 1H NMR 

(400 MHz, Chloroform-d) δ 7.44 - 7.19 (m, 7H), 7.01 - 6.93 (m, 2H), 6.86 (dd, J = 8.2, 1.2 Hz, 

1H), 5.21 (s, 1H), 4.97 - 4.88 (m, 2H), 2.10 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 

154.5, 135.7, 134.6, 129.8, 129.2, 129.1, 128.9, 128.5, 127.6, 125.0, 121.2, 117.0, 69.3, 62.8. 

 

 

(R, E)-2-benzylidene-1,2,3,4-tetrahydronaphthalen-1-ol (4ac). Colorless oil, 23.1 

mg, >99% yield; 89% ee; [α]D
25 = +37.8 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: 

isopropanol = 90:10, 1.0 mL/min, 254 nm) indicated 89% ee: tR (minor) = 12.5 min, tR (major) 

= 14.6 min. 1H NMR (400 MHz, Chloroform-d) δ 7.51 - 7.46 (m, 1H), 7.38 - 7.27 (m, 5H), 

7.26 - 7.25 (m, 1H), 7.24 - 7.21 (m, 1H), 7.17 - 7.13 (m, 1H), 6.74 (s, 1H), 5.19 (d, J = 4.3 Hz, 

1H), 3.06 - 2.85 (m, 2H), 2.84 - 2.77 (m, 2H), 1.98 (d, J = 5.0 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 140.9, 138.7, 137.4, 137.3, 128.9, 128.4, 128.3, 128.0, 127.9, 126.7, 126.6, 

125.5, 73.9, 29.9, 24.1. 

 

 

(R, E)-2-benzylidenecyclopentan-1-ol (4ad). Colorless oil, 16.9 mg, >99% yield; > 99% 

ee; [α]D
25 = -12.5 (c = 1.00, CHCl3). HPLC analysis (AD-H, n-hexane: isopropanol = 95:05, 

1.0 mL/min, 254 nm) indicated >99% ee: tR (major) = 14.5 min, tR (minor) = 15.9 min. 1H 

NMR (400 MHz, Chloroform-d) δ 7.39 - 7.31 (m, 4H), 7.24 - 7.20 (m, 1H), 6.58 (d, J = 2.0 

Hz, 1H), 4.60 (d, J = 5.3 Hz, 1H), 2.79 - 2.55 (m, 2H), 2.01 - 1.91 (m, 2H), 1.77 - 1.62 (m, 2H), 

1.56 - 1.51 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 147.8, 137.8, 128.5, 128.4, 128.3, 

126.6, 123.7, 34.9, 29.4, 22.6. 
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(R, E)-3-benzylidenetetrahydro-2H-pyran-4-ol (4ae). Colorless oil, 19.5 mg, >99% 

yield; 98% ee; [α]D
25= +25.2 (c = 1.00, CHCl3).HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 1.0 mL/min, 254 nm) indicated 98% ee: tR (minor) = 15.1 min, tR (major) = 16.0min. 

1H NMR (400 MHz, Chloroform-d) δ 7.37 - 7.29 (m, 2H), 7.28 - 7.22 (m, 1H), 7.19 - 7.12 (m, 

2H), 6.66 (s, 1H), 4.60 (d, J = 12.9 Hz, 1H), 4.52 - 4.39 (m, 1H), 4.17 (d, J = 12.1 Hz, 1H), 

4.08 - 3.95 (m, 1H), 3.75 - 3.65 (m, 1H), 2.19 - 2.08 (m, 1H), 1.91 - 1.79 (m, 1H), 1.77 - 1.71 

(m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 139.3, 136.1, 129.0, 128.3, 127.1, 124.5, 70.7, 

65.3, 64.8, 36.6. 

 

 

(R, E)-3-(4-fluorophenyl)-4-phenylbut-3-en-2-ol (4af). Colorless oil, 24.5 mg, >99% 

yield; >99% ee; [α]D
25 = -37.2 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 0.5 mL/min, 254 nm) indicated >99% ee: tR (major) = 14.6 min, tR (minor) = 15.5min. 

1H NMR (400 MHz, Chloroform-d) δ 7.19 - 6.99 (m, 7H), 6.95 - 6.90 (m, 2H), 6.70 (d, J = 1.0 

Hz, 1H), 4.70 - 4.60 (m, 1H), 1.77 (s, 1H), 1.29 (d, J = 6.5 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 162.2 (d, J = 246.4 Hz), 145.0, 136.4, 134.3(d, J = 3.5 Hz), 131.0 (d, J = 7.8 

Hz), 129.2, 128.0, 126.9, 126.4, 115.7 (d, J = 21.3 Hz), 73.0, 22.1. HRMS(ESI) calcd. for 

C16H14F [M-H2O+H]: 225.1074, found: 225.1067. 

 

 

(R)-2-bromo-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-ol (4ag). Yellow solid, 19.2 mg, 80% 

yield; 98% ee; [α]D
25 = +50.0 (c = 1.00, CHCl3). HPLC analysis (OD-H, n-hexane: isopropanol 

= 90:10, 0.5 mL/min, 254 nm) indicated 98% ee: tR (minor) = 6.2 min, tR (major) = 7.4min. 1H 
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NMR (400 MHz, Chloroform-d) δ 7.41 - 7.28 (m, 3H), 7.25 - 7.19 (m, 2H), 4.42 (s, 1H), 2.51 

- 2.30 (m, 3H), 2.04 - 1.89 (m, 3H), 1.83 - 1.73 (m, 1H). 13C NMR (101 MHz, Chloroform-d) 

δ 142.3, 141.7, 128.2, 127.6, 127.5, 123.7, 71.1, 34.5, 31.7, 18.6. 

IV. Gram-scale reaction and transformations of products 

 

General procedure for S/C = 50 000: To a 2.5 mL vial was added the catalyst precursor 

[Ir(COD)Cl]2 (1.7 mg, 0.0025 mmol), ligand L12 (4.4 mg, 0.0055 mmol) and anhydrous i-

PrOH (2 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 (40 µL, 0.0001 mmol) was 

transferred into a 50 mL hydrogenation vessel, then Cs2CO3 (81 mg, 0.25 mmol), chalcone 

(1.04 g, 5 mmol) and anhydrous n-hexane (20 mL) was added. The vessels were placed in an 

autoclave which was then charged with 50 atm of H2 and stirred at 25 - 30 ℃ 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. The product was analyzed by 1H NMR to determine 

the conversion. The ee values were determined by HPLC analysis on a chiral stationary phase.  

General procedure for S/C = 100 000: To a 2.5 mL vial was added the catalyst precursor 

[Ir(COD)Cl]2 (1.7 mg, 0.0025 mmol), ligand L3 (3.1mg, 0.0055 mmol) and anhydrous i-PrOH 

(2 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 (20 µL, 0.00005 mmol) was 

transferred into a 50 mL hydrogenation vessel, then Cs2CO3 (81 mg, 0.25 mmol), chalcone 

(1.04 g, 5 mmol) and anhydrous n-hexane (20 mL) was added. The vessels were placed in an 

autoclave which was then charged with 50 atm of H2 and stirred at 25 - 30 ℃ 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. The product was analyzed by 1H NMR to determine 

the conversion. The ee values were determined by HPLC analysis on a chiral stationary phase.  
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To a solution of 4a (0.10 mmol, 1.00 eq.) in DCM (2 mL) at 0 °C was added m-

chloroperbenzoic acid (0.20 mmol, 2.00 eq.). After 0.5 h, the resulting solution was stirred at 

room temperature for 24 h until complete consumption of starting material (verified by TLC). 

The mixture was washed with 10% solution of Na2CO3 (5 mL) and then extracted with DCM 

(2 mL). The organic layer was dried (Na2SO4) and the solvent was removed under reduced 

pressure. The crude product was purified by flash chromatography on SiO2 to afford product 5 

(212.5 mg, 94% yield) as Colorless oil.4 Mixture of two diastereoisomers that could not be 

separated by flash cromatography. As mixture of both diastereoisomers 5a and 5b. Major 

diastereoisomer(5a): 1H NMR (400 MHz, Chloroform-d) δ 2.50 (m, 1H), 3.31 (dd, 2.9 Hz, 2.2 

Hz, 1H), 4.16 (d, J = 2.1 Hz, 1H), 5.02 (d, J = 2.9 Hz, 1H), 7.26 - 7.31 (m, 2H),7.31 - 7.38 (m, 

4H), 7.38 - 7.44 (m, 2H), 7.44 - 7.53 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 54.9, 64.9, 

71.1, 125.7, 126.5, 128.3, 128.4, 128.5, 128.7, 136.5, 139.1. HPLC (Chiralcel AD‐H, n-

hexane: isopropanol = 95:05, 1 mL/min, λ = 220 nm) indicated 96% ee : tR = 30.1 min, tR = 

31.8 min. Minor diastereoisomer (5b):  1H NMR (400 MHz, Chloroform-d) δ 2.58 (m, 1H), 

3.32 (dd, 4.8 Hz, 2.2 Hz, 1H), 4.03(d, J = 2.1 Hz, 1H), 4.74 (d, J = 4.7 Hz, 1H), 7.26 - 7.31 (m, 

2H), 7.31 - 7.38 (m, 4H), 7.38 - 7.44 (m, 2H), 7.44 - 7.53 (m, 2H). 13C NMR (101 MHz, 

Chloroform-d)  δ 56.8, 65.7, 73.3, 125.7, 126.2, 128.1, 128.3, 128.4, 128.6, 136.2, 140.1. 

HPLC (Chiralcel AD‐H, n-hexane: isopropanol = 95:05, 1 mL/min, λ = 220 nm) indicated 

96% ee : tR = 21.1 min, tR = 27.2 min.  

 

 

To a solution of 4ad (0.10 mmol) in DCM (2 mL) at 0 °C was added m-chloroperbenzoic 

acid (0.20 mmol). After 0.5 h, the resulting solution was stirred at room temperature for 24 h 

until complete consumption of starting material (verified by TLC). The mixture was washed 

with an 10% solution of Na2CO3 (5 mL) and then extracted with DCM (2 mL). The organic 
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layer was dried (Na2SO4) and the solvent was removed under reduced pressure. The crude 

product was purified by flash chromatography on SiO2 to afford product 6 (146.5 mg, 77% 

yield) as colorless oil6. 1H NMR (400 MHz, Chloroform-d) δ 7.47 - 7.13 (m, 5H), 4.16 - 3.93 

(m, 2H), 2.27 (s, 1H), 2.12 - 2.00 (m, 1H), 1.92 - 1.76 (m, 2H), 1.75 - 1.59 (m, 2H), 1.51 - 1.38 

(m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 135.7, 128.2, 127.8, 126.1, 72.3, 72.2, 61.7, 

33.9, 25.7, 19.4. HPLC (Chiralcel AD‐H, n-hexane: isopropanol = 95:05, 1 mL/min, λ =220 

nm) indicated 99% ee : tR =13.0 min, tR = 14.9 min.  

 

 

Et2Zn (1.00 M in heptane, 4.16 mmol, 5.00 eq.) was dissolved in anhydrous (CH2Cl)2 

(3.00 mL) and cooled to -10 °C. CH2I2 (4.16 mmol, 5.00 eq.) was added and the reaction 

mixture was stirred for 5 min at -10 °C. Racemic enol 4a (0.83 mmol, 1.00 eq.) was added and 

the reaction mixture was stirred for 16 h, while warming up to rt. A saturated aqueous Na2CO3 

solution (10 mL) was added and the aqueous layer was extracted with ethyl acetate (3 × 20 

mL). The combined organic layers were washed with water and saturated aqueous NaCl 

solution (10 mL), dried over anhydrous Na2SO4 and the solvent was removed under reduced 

pressure. The residue was purified by chromatography PE/EtOAc (10/1) to afford product 7 

(136.8 mg, 61%) as colorless oil5. 1H NMR (400 MHz, Chloroform-d) δ 7.60 - 6.83 (m, 10H), 

4.35 (d, J = 7.4 Hz, 1H), 2.07 (s, 1H), 2.02 - 1.94 (m, 1H), 1.57 - 1.49 (m, 1H), 1.20 - 1.13 (m, 

1H), 1.08 - 0.98 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 143.5, 142.0, 128.4, 128.3, 

127.6, 126.1, 126.0, 125.6, 76.7, 30.0, 21.0, 13.6. HPLC (Chiralcel AD‐H, n-hexane: 

isopropanol = 95:05, 1 mL/min, λ =220 nm) indicated 96% ee : tR = 13.7 min, tR = 18.0 min.  
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V. NMR spectra of ligands and hydrogenation products 
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VI.  HPLC charts for hydrogenation products and derivatives 
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