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1. General Information 

All reactions were carried out under a nitrogen atmosphere in oven-dried glassware. Unless 

otherwise mentioned, all other reagents were purchased from commercial sources and were used 

without further purification. Solvent was purified according to the procedure from the book named 

“Purification of Laboratory Chemicals”. Flash column chromatography was performed on silica gel 

(particle size 200-300 mesh). NMR spectra were recorded on a Bruker 400MHz spectrometer and 

were calibrated using residual solvent as an internal reference (CDCl3: 7.26 ppm for 1H NMR and 

77 ppm for 13C NMR; CD3COCD3: 2.05 ppm for 1H NMR and 29.84 ppm for 13C NMR). The 

following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, 

q = quartet, m = multiplet, b = broad. Enantiomeric excesses (ee values) of the products were 

determined by chiral HPLC analysis using a Thermo U3000 instrument (n-hexane/iPrOH as eluent) 

with a Daicel chiracel® OD-H or OD-3 or IA-3 or IC-3 Column (column temperature 25 °C). 

Optical rotation was measured on IP-digi300/2 apparatus with a sodium lamp (589 nm) at 25 °C. 

Melting points were determined on a X-4B melting point apparatus. High-resolution mass spectra 

were recorded on an IonSpec FT-ICR mass spectrometer or Agilent 6520 Q-TOF LC-MS with ESI 

resource. Absolute configurations were determined by comparison of specific rotations with 

literature data. Racemic compounds were prepared by use of (rac)-4-phenyl-2-(pyridin-2-yl)-4,5-

dihydrooxazole as the ligand under the same reaction condition. 
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2. Iridium-Catalyzed 5-Membered Enantioselective C−H Silylation 

of Ferrocenes 

2.1 General procedures for the synthesis of substrate 11-3 

 

The stirred solution of metallocene (20 mmol) in THF (60 mL) was cooled to -78 °C under N2, 

t-BuOK (10 mol%, 224 mg) was added followed by dropwise addition of t-BuLi (42 mmol. 1.6 M, 

26 mL). After being stirred at this temperature for 1 h, ZnCl2 (42 mmol, 5.7 g) was added in one 

portion and the system was gradually warmed to room temperature in 1 h. Pd(PPh3)4 (1.0 mmol, 

1.15 g) and 2-bromoiodobenzene derivatives (20 mmol) were added sequentially. The stirring was 

continued for additional 4 h after being heated to 60 °C. The reaction was quenched with 2N HCl 

aq. (50 mL), the organic phase was separated, sequentially washed with water (50 mL), brine (50 

mL) and dried with MgSO4. The mixture was filtered and concentrated under reduced pressure. 

Column chromatography on silica gel by using hexane as eluent provided the aryl bromide S1. 

The aryl bromide S1 (5 mmol) was dissolved in THF (25 mL) and cooled to -78 °C under N2. 

n-BuLi (5.5 mmol, 2.5 M, 2.2 mL) was added dropwise and the mixture was stirred for additional 

10 min. The reaction system was allowed to warm to room temperature after the addition of silane 

chloride (6 mmol) and stirred overnight. After the reaction was finished, the reaction mixture was 

quenched with water (5 mL) and the volatile compound was removed under reduced pressure. The 

residue was extracted with DCM for three times (30 mL × 3). The combined organic layer was 

separated, washed with brine (30 mL), dried with Na2SO4. The mixture was filtered and 

concentrated under reduced pressure. Column chromatography on silica gel by using hexane as 

eluent provided the substrate 1.  
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2.2 Characterization of substrates 1 

 

According to general procedure, 1a was obtained in 42% yield as dark orange solid. Rf = 0.5 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.98 (d, J = 7.7 Hz, 1H), 7.47 – 7.39 (m, 2H), 

7.24 (t, J = 7.4 Hz, 1H), 4.53 – 4.49 (m, 3H), 4.31 (t, J = 1.9 Hz, 2H), 4.18 (s, 5H), 0.09 (d, J = 

3.8 Hz, 6H).13C NMR (101 MHz, CD3COCD3) δ 145.88, 136.72, 135.28, 132.08, 129.84, 126.54, 

92.24, 71.14, 70.20, 68.53, -2.78. 

 

According to general procedure, 1b was obtained in 47% yield as dark orange solid. Rf = 0.5 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.80 (s, 1H), 7.33 (d, J = 7.5 Hz, 1H), 7.07 (ddd, J 

= 7.6, 1.8, 0.8 Hz, 1H), 4.49 – 4.45 (m, 3H), 4.29 (t, J = 1.9 Hz, 2H), 4.17 (s, 5H), 2.40 (s, 3H), 0.07 

(d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ145.84, 139.44, 135.47, 133.21, 132.79, 

127.43, 92.30, 71.07, 70.20, 68.43, -2.72. 

 

According to general procedure, 1c was obtained in 36% yield as dark orange solid. Rf = 0.5 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CD3COCD3) δ 7.54 (d, J = 2.6 Hz, 1H), 7.36 

(d, J = 8.3 Hz, 1H), 6.84 (dd, J = 8.3, 2.6 Hz, 1H), 4.51 (t, J = 1.8 Hz, 2H), δ 4.48 – 4.45 (m, 1H), 

4.30 (t, J = 1.8 Hz, 2H), 4.20 (s, 5H), 3.90 (s, 3H), 0.06 (d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, 

CD3COCD3) δ 161.26, 147.72, 136.86, 127.71, 117.66, 112.59, 92.35, 71.18, 70.20, 70.19, 68.49, 

55.33, -2.61. 
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According to general procedure, 1d was obtained in 22% yield as dark orange solid. Rf = 0.5 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 8.25 (s, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 

8.9 Hz, 1H), 4.59 (t, J = 1.9 Hz, 2H), 4.53 – 4.50 (m, 1H), 4.39 (t, J = 1.8 Hz, 2H), 4.20 (s, 5H), 

0.14 (d, J = 3.8 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 147.46, 142.22, 136.23, 131.13 (q, 

J = 31.8 Hz), 128.32 (q, J = 3.8 Hz), 125.38 (q, J = 272.7 Hz), 122.63 (q, J = 3.8 Hz), 71.41, 70.36, 

69.15, 69.13, -3.14. 

 

According to general procedure, 1e was obtained in 25% yield as dark orange oil. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.96 (d, J = 2.2 Hz, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.28 (dd, J 

= 8.0, 2.2 Hz, 1H), 4.55 (t, J = 1.9 Hz, 2H),4.50 – 4.44 (m, 1H), 4.36 (t, J = 1.8 Hz, 2H), 4.20 (s, 

5H), 0.10 (d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ148.57, 137.12, 135.67, 135.41, 

131.69, 126.55, 90.73, 71.27, 70.37, 68.97, -2.97. 

 

According to general procedure, 1f was obtained in 42% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.86 (d, J = 7.8 Hz, 1H), 7.27 – 7.21 (m, 2H), 

4.50 – 4.45 (m, 3H), 4.28 (t, J = 1.8 Hz, 2H), 4.16 (s, 4H), 2.32 (s, 3H), 0.08 (d, J = 3.7 Hz, 6H). 

13C NMR (101 MHz, CD3COCD3) δ 142.77, 136.50, 135.91, 135.66, 132.06, 130.58, 92.22, 

71.07, 70.14, 68.37, 21.13, -2.73. 
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According to general procedure, 1g was obtained in 34% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.90 (d, J = 8.1 Hz, 1H), 7.51 – 7.46 (m, 2H), 

4.53-4.48 (m, 1H), 4.46 (t, J = 1.8 Hz, 2H), 4.29 (t, J = 1.9 Hz, 2H), 4.17 (s, 5H), 1.35 (s, 9H), 

0.10 (d, J = 3.8 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 148.71, 142.82, 136.13, 131.93, 

131.90, 126.92, 92.20, 71.09, 70.13, 68.38, -2.69. 

 

According to general procedure, 1h was obtained in 30% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 8.08 – 8.01 (m, 1H), 7.18 – 7.13 (m, 2H), 4.50-

4.43 (m, 3H), 4.31 (t, J = 1.9 Hz, 2H), 4.19 (s, 5H), 0.11 (d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, 

CD3COCD3) δ 161.88 (d, J = 246.1 Hz), 141.90 (d, J = 3.2 Hz), 139.81 (d, J = 3.9 Hz), 134.26 

(d, J = 7.0 Hz), 121.02 (d, J = 19.1 Hz), 116.49 (d, J = 21.1 Hz), 91.32, 71.23, 70.20, 68.58, -3.08. 

 

According to general procedure, 1i was obtained in 42% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.99 (d, J = 8.2 Hz, 1H), 7.43 – 7.39 (m, 2H), 

4.50 – 4.46 (m, 3H), 4.33 (t, J = 1.8 Hz, 2H), 4.19 (s, 5H), 0.12 (d, J = 3.7 Hz, 6H). 13C NMR 

(101 MHz, CD3COCD3) δ 144.84, 139.61, 134.55, 133.99, 132.23, 129.71, 90.85, 71.20, 

70.32, 68.83, -3.07. 
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According to general procedure, 1j was obtained in 26% yield as dark orange oil. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 8.11 (d, J = 8.5 Hz, 1H), 7.37 – 7.31 (m, 2H), 4.52 (t, J = 

1.8 Hz, 2H), 4.49 (p, J = 3.8 Hz, 1H), 4.35 (t, J = 1.8 Hz, 2H), 4.21 (s, 5H), 0.12 (d, J = 3.7 Hz, 

6H). 13C NMR (101 MHz, CD3COCD3) δ 147.92, 145.36, 139.81, 134.05, 127.16, 122.27, 

121.48 (q, J = 255.2 Hz), 90.81, 71.30, 70.32, 68.86, -3.12. 

 

According to general procedure, 1k was obtained in 20% yield as dark orange solid. Rf = 0.3 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.80 (dt, J = 8.6, 1.2 Hz, 1H), 6.85 – 6.82 (m, 2H), 

4.48 (p, J = 3.7 Hz, 1H), 4.40 (t, J = 1.9 Hz, 2H), 4.23 (t, J = 1.8 Hz, 2H), 4.15 (s, 5H), 2.95 (s, 6H), 

0.09 (d, J = 3.8 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 149.48, 136.68, 133.06, 132.82, 

119.14, 114.37, 92.74, 70.81, 69.93, 67.98, 40.68, -2.66. 

 

According to general procedure, 1l was obtained in 26% yield as dark orange solid. Rf = 0.4 

(Hexane/Ethyl acetate = 10:1). 1H NMR (400 MHz, CD3COCD3) δ 7.57 (s, 1H), 6.95 (s, 1H), 

4.48 – 4.44 (m, 3H), 4.27 (t, J = 1.8 Hz, 2H), 4.20 (s, 5H), 3.95 (s, 3H), 3.83 (s, 3H), 0.08 (d, J = 

3.7 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 150.66, 148.39, 139.15, 127.45, 118.64, 116.30, 

92.68, 71.08, 70.09, 68.31, 56.22, 55.86, -2.60. 
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According to general procedure, 1m was obtained in 28% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.85 (d, J = 7.6 Hz, 1H), 7.27 (t, J = 7.6 Hz, 1H), 

7.06 (d, J = 7.4 Hz, 1H), 4.41 (t, J = 1.8 Hz, 2H), 4.32 – 4.27 (m, 3H), 4.15 (s, 5H), 2.45 (s, 3H), 

0.11 (d, J = 4.0 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 146.31, 144.32, 136.28, 130.63, 

129.23, 128.80, 94.48, 71.66, 70.15, 68.21, 23.62, -1.66. 

 

According to general procedure, 1n was obtained in 21% yield as dark orange solid. Rf = 0.3 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CD3COCD3) δ 7.58 (dd, J = 7.8, 0.9 Hz, 1H), 

7.34 (t, J = 8.0 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 4.40 (t, J = 1.8 Hz, 2H), 4.24 (t, J = 1.8 Hz, 2H), 

4.19 (p, J = 3.8 Hz, 1H), 4.12 (s, 5H), 3.82 (s, 3H), 0.20 (d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, 

CD3COCD3) δ165.50, 147.37, 130.76, 125.58, 125.21, 108.47, 92.00, 71.65, 70.17, 68.01, 55.69, -

2.22. 

 

According to general procedure, 1o was obtained in 36% yield as dark orange oil. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.83 (dd, J = 7.8, 1.0 Hz, 1H), 7.42 – 7.40 (m, 

1H), 6.95 (t, J = 8.7 Hz, 1H), 4.45 (t, J = 1.9 Hz, 2H), 4.31 – 4.30 (m, 3H), 4.16 (s, 5H), 0.24 (d, 

J = 2.1 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 168.35 (d, J = 237.9 Hz), 148.36 (d, J = 

10.5 Hz), 131.59 (d, J = 9.9 Hz), 128.83 (d, J = 2.5 Hz), 123.53 (d, J = 28.9 Hz), 113.03 (d, J = 

26.8 Hz), 91.23, 71.62, 70.33, 68.48, -2.35. 
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According to general procedure, 1p was obtained in 29% yield as dark orange oil. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.35 – 7.33 (m, 1H), 7.29 – 7.24 (m, 1H), 7.17 (t, 

J = 7.4 Hz, 1H), 4.52 – 4.48 (m, 3H), 4.42 (t, J = 1.9 Hz, 2H), 4.18 (s, 5H), 2.93 (s, 3H), 0.02 (d, 

J = 3.7 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 142.13, 138.54, 136.48, 133.20, 132.23, 

125.71, 90.61, 70.80, 69.27, 67.67, 21.07, -2.61. 

 

According to general procedure, 1q was obtained in 15% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.51 – 7.49 (m, 1H), 7.43 (d, J = 6.2 Hz, 2H), 

4.58 – 4.49 (m, 3H), 4.47 – 4.40 (m, 2H), 4.18 (s, 5H), 0.10 (d, J = 3.7 Hz, 6H). 13C NMR (101 

MHz, CD3COCD3) δ 147.67, 142.20, 137.55, 134.55, 128.14, 122.0 (q, J = 256.5 Hz), 121.30 (d, 

J = 1.7 Hz), 84.83, 71.28, 70.21, 69.13, -2.34. 

 

According to general procedure, 1r was obtained in 12% yield as dark orange oil. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.34-7.32 (m, 2H), 7.26 – 7.16 (m, 1H), 4.60 – 

4.55 (m, 3H), 4.38 (t, J = 1.9 Hz, 2H), 4.15 (s, 5H), 0.12 (d, J = 3.7 Hz, 6H). 13C NMR (101 MHz, 

CD3COCD3) δ 161.17 (d, J = 249.6 Hz), 140.74, 132.53 (d, J = 10.8 Hz), 131.92 (d, J = 3.5 Hz), 

128.44 (d, J = 7.7 Hz), 117.65 (d, J = 23.9 Hz), 83.55 70.98 (d, J = 1.8 Hz), 70.25, 68.93, -2.52. 
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According to general procedure, 1s was obtained in 22% yield as dark orange solid. Rf = 0.3 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CD3COCD3) δ 7.28 (t, J = 7.8 Hz, 1H), 7.11 

– 7.08 (m, 2H), 4.59 – 4.51 (m, 3H), 4.30 (t, J = 1.9 Hz, 2H), 4.09 (s, 5H), 4.01 (s, 3H), 0.07 (d, J 

= 3.6 Hz, 6H). 13C NMR (101 MHz, CD3COCD3) δ 157.85, 139.22, 133.02, 128.15, 127.78, 

112.53, 87.13, 71.29, 69.98, 68.15, 55.43, -2.11. 

 

According to general procedure, 1t was obtained in 14% yield as dark orange oil. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.51 – 7.46 (m, 2H), 7.27 (t, J = 7.6 Hz, 1H), 4.64 (t, J = 

1.9 Hz, 2H), 4.55 – 4.51 (m, 1H), 4.44 (t, J = 1.9 Hz, 2H), 4.21 (s, 5H), 0.06 (d, J = 3.7 Hz, 6H). 

13C NMR (101 MHz, CD3COCD3) δ142.62, 142.22, 135.12, 134.73, 132.54, 127.80, 88.77, 

71.62, 70.44, 68.81, -2.08. 

 

According to general procedure, 1u was obtained in 40% yield as dark orange oil. Rf = 0.5 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.99 (d, J = 7.7 Hz, 1H), 7.46 – 7.39 (m, 2H), 7.24 

(td, J = 7.4, 1.2 Hz, 1H), 4.47 (t, J = 1.9 Hz, 2H), 4.30 (t, J = 1.8 Hz, 2H), 4.24 (p, J = 3.3 Hz, 1H), 

4.18 (s, 5H), 0.86 (t, J = 7.8 Hz, 6H), 0.64 – 0.60 (m, 4H). 13C NMR (101 MHz, CD3COCD3) δ 

146.12, 136.14, 134.75, 132.22, 129.80, 126.42, 92.24, 71.18, 70.19, 68.45, 8.66, 4.50. 
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According to general procedure, 1v was obtained in 40% yield as dark orange solid. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 8.06 (dd, J = 7.9, 1.2 Hz, 1H), 7.49 – 7.34 (m, 

11H), 7.29 – 7.26 (m, 1H), 7.21 – 7.19 (m, 1H), 5.40 (s, 1H), 4.41 (t, J = 1.9 Hz, 2H), 4.14 (t, J = 

1.8 Hz, 2H), 4.08 (s, 5H). 13C NMR (101 MHz, CD3COCD3) δ 147.27, 137.61, 136.44, 136.42, 

135.28, 132.25, 132.04, 130.49, 130.44, 128.84, 126.32, 90.78, 71.12, 70.20, 68.62. 

 

According to general procedure, 1w was obtained in 22% yield as colorless oil. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.63 (dd, J = 7.5, 1.3 Hz, 1H), 7.46 (dd, J = 7.1, 1.5 Hz, 1H), 

7.30 (td, J = 7.5, 1.6 Hz, 1H), 7.23 (td, J = 7.4, 1.4 Hz, 1H), 4.81 (t, J = 1.7 Hz, 2H), 4.63 (t, J = 

1.7 Hz, 2H), 4.61 (s, 5H), 4.55 – 4.50 (m, 1H), 0.19 (d, J = 3.8 Hz, 7H). 13C NMR (101 MHz, 

CD3COCD3) δ 144.45, 137.14, 134.90, 134.15, 129.72, 126.90, 97.88, 74.21, 72.08, 70.35, -2.75. 

 

According to general procedure, 1x was obtained in 38% yield as dark orange oil. Rf = 0.4 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ8.02 (dd, J = 7.8, 0.7 Hz, 1H), 7.46 – 7.39 (m, 2H), 

7.25 (td, J = 7.4, 1.3 Hz, 1H), 4.45 (t, J = 1.8 Hz, 2H), 4.29 (t, J = 1.8 Hz, 2H), 4.17 (s, 5H), 3.93 

(t, J = 3.9 Hz, 1H), 1.14 – 1.05 (m, 2H), 0.98 (d, J = 7.1 Hz, 6H), 0.87 (d, J = 7.2 Hz, 6H). 13C 

NMR (101 MHz, CD3COCD3) δ 146.18, 136.61, 134.56, 132.44, 129.61, 126.21, 92.30, 71.55, 

70.17, 68.32, 19.71, 19.55, 12.40. 
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2.3 Reaction condition optimization 

Table S1 Chiral ligands screening for the enantioselective C−H silylation of 1a[a] 

 

entry ligand yield (%)[b] ee (%)[c] entry ligand yield (%)[b] ee (%)[c] 

1 L1 96 95 8 L8 93 88 

2 L2 99 98 9 L9 94 97 

3 L3 93 73 10 L10 95 91 

4 L4 93 80 11 L11 96 81 

5 L5 96 61 12 L12 92 79 

6 L6 90 96 13 L13 N.R N.R 

7 L7 97 66 14 L14 N.R N.R 

[a] The reaction was conducted with 1a (0.2 mmol), [Ir(cod)OMe]2 (2 mol%), chiral N,N-ligand (6 

mol%) in dioxane (1 mL) at 60 °C under N2 for 24 h. [b] Yields were determined by NMR using 

TCE as internal standard. [c] Ee values were determined by chiral HPLC.  
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Table S2 Solvent screening for the enantioselective C−H silylation of 1a[a] 

 

entry solvent yield (%)[b] ee (%)[c] 

1 THF 95 93 

2 toluene 92 91 

3 benzene 93 95 

4 DCE 83 82 

5 DME 85 89 

6 DMA 38 71 

7 DMSO N.R. N.R. 

8 PhCF3 85 90 

9 cyclohexane 91 91 

10 MTBE 90 91 

11 CH3CN 82 81 

[a] The reaction was conducted with 1a (0.2 mmol), [Ir(cod)OMe]2 (2 mol%), chiral N,N-ligand L2 

(6 mol%) in solvent (1 mL) at 60 °C under N2 for 24 h. [b] Yields were determined by NMR using 

TCE as internal standard. [c] Ee values were determined by chiral HPLC. N.R.: no reaction. 

Table S3 Additive screening for the enantioselective C−H silylation of 1a [a] 

 

entry additive yield (%)[b] ee (%)[c] 

1 cyclohexene 96 88 

2 cod 96 92 

3 styrene 95 92 

4 cyclooctene 96 83 

5 tbe 97 90 

6 nbe 96 90 

7 none 99 98 

[a] The reaction was conducted with 1a (0.2 mmol), [Ir(cod)OMe]2 (2 mol%), chiral N,N-ligand L2 

(6 mol%), additive (1.1 equiv.) in dioxane (1 mL) at 60 °C under N2 for 24 h. [b] Yields were 

determined by NMR using TCE as internal standard. [c] Ee values were determined by chiral HPLC. 
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Table S4 Optimization for the enantioselective C−H silylation of C3-substituted substrate 1m[a] 

 

entry ligand yield (%)[b] ee (%)[c] entry ligand yield (%)[b] ee (%)[c] 

1 L1 90 85 8 L8 90 87 

2 L2 85 92 9 L9 91 88 

3 L3 90 76 10 L10 94 90 

4 L4 92 80 11 L11 85 77 

5 L5 88 57 12 L12 92 83 

6 L6 98 95 13 L13 N.R N.R 

7 L7 82 65 14 L14 N.R N.R 

[a]The recation was conducted with 1a (0.2 mmol), [Ir(cod)OMe]2 (2 mol%), chiral N,N-ligand (6 

mol%)in dioxane (1 mL) at 60 °C under N2 for 24 h. [b] Yields were determined by NMR using 

TCE as internal standard. [c] Ee values were determined by chiral HPLC. 

2.4 General procedure for the Ir-catalyzed asymmetric C−H silylation of 

Ferrocenes 1 

In a N2 flushed glovebox, an oven-dried 8 mL tube equipped with a Teflon-coated magnetic 

stir bar was charged with [Ir(cod)OMe]2 (2.6 mg，0.004 mmol, 2 mol%), chiral N, N-ligand (0.012 

mmol, 6 mol%) and anhydrous 1,4-dioxane (0.5 mL). The resulting mixture was stirred in the 

glovebox at room temperature for 1 hour, followed by addition of the starting material 1 (0.2 mmol, 

1 equiv) in 1,4-dioxane (0.5 mL). The reaction tube was capped, removed from the glove box and 

the reaction mixture was stirred at 60 °C for 24 h. Then, the reaction mixture was cooled to room 

temperature, concentrated under vacuum and subjected to silica gel column chromatography to 

deliver the planar chiral ferrocene sioles 2. The ee value of the product was determined by chiral 

HPLC analysis. Chiral N,N-ligand L2 was used for the synthesis of planar chiral ferrocene sioles 

2a−l and 2u−w under the reaction. On the other hand, chiral N,N-ligand L6 was used for the Ir-

catalyzed enantioselective C−H silylation of C3 or C6-substituted substrates 1m−t. Product 2u was 

synthesized at 90 °C for 48h. Product 2v was synthesized at 100 °C for 24 h.  
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2.5 Characterization of products 2 

 

According to general procedure, 2a was obtained in 99% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.49 (d, J = 7.2 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.27 (td, J 

= 7.5, 1.3 Hz, 1H), 7.11 (td, J = 7.3, 1.1 Hz, 1H), 4.88 (dd, J = 2.2, 0.9 Hz, 1H), 4.54 (t, J = 2.3 Hz, 

1H), 4.39 (d, J = 2.1 Hz , 1H), 3.97 (s, 5H), 0.69 (s, 3H), 0.28 (s, 3H). 13C NMR (101 MHz, 

CD3COCD3) δ 148.72, 142.75, 133.28, 130.31, 126.06, 121.69, 97.82, 74.04, 72.29, 71.32, 70.35, 

64.97, -0.62, -1.58. HPLC analysis (IA-3): Hexane/Isopropanol = 100:0, 0.5 mL/min, 254 nm UV 

detector, 98% ee, tR =10.4 min (major) and tR = 13.2 min (minor). [α]
25 

D  = 349 (c = 0.538, acetone).  

 

According to general procedure, 2b was obtained in 99% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.37 (d, J = 7.3 Hz, 1H), 7.25 (s, 1H), 6.94 (d, J = 7.2 Hz, 

1H), 4.86 (dd, J = 2.3, 0.9 Hz, 1H), 4.52 (t, J = 2.3 Hz, 1H), 4.37 (dd, J = 2.2, 0.8 Hz, 1H), 3.96 (s, 

5H), 2.32 (s, 3H), 0.67 (s, 3H), 0.26 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 148.91, 139.89, 

139.21, 133.19, 126.99, 122.49, 97.88, 73.90, 72.65, 71.24, 70.31, 64.82, 21.69, -0.51, -1.49. HPLC 

analysis (OD-3): Hexane/Isopropanol = 99:1, 1 mL/min, 254 nm UV detector, 98% ee, tR = 8.4 min 

(major) and tR = 10.6 min (minor). [α]
25 

D  = 169.5 (c = 0.56, acetone). 

 

According to general procedure, 2c was obtained in 83% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CD3COCD3) δ 7.39 (d, J = 7.9 Hz, 1H), 7.04 
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(d, J = 2.3 Hz, 1H), 6.71 (dd, J = 7.9, 2.4 Hz, 1H), 4.90 (dd, J = 2.3, 0.9 Hz, 1H), 4.53 (t, J = 2.3 

Hz, 1H), 4.38 (dd, J = 2.3, 0.9 Hz, 1H), 3.99 (s, 5H), 3.83 (s, 3H), 0.67 (s, 3H), 0.27 (s, 3H). 13C 

NMR (101 MHz, CD3COCD3) δ 162.49, 150.73, 134.27, 133.36, 111.66, 107.97, 97.52, 73.94, 

73.31, 71.35, 70.38, 65.00, 55.34, -0.39, -1.36. HPLC analysis (OD-3): Hexane/Isopropanol = 

90:10, 1 mL/min, 254 nm UV detector, 97% ee, tR = 7.9 min (major) and tR = 12.4 min (minor). [α]

25 

D  = 98.6 (c = 0.46, acetone). 

 

According to general procedure, 2d was obtained in 94% yield and 99% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.70 – 7.68 (m, 2H), 7.42 (d, J = 7.7 Hz, 1H), 5.07 (d, J = 2.3 

Hz, 1H), 4.62 (t, J = 2.3 Hz, 1H), 4.48 (d, J = 2.2 Hz, 1H), 4.01 (s, 5H), 0.73 (s, 3H), 0.32 (s, 3H). 

13C NMR (101 MHz, CD3COCD3) δ 150.42, 148.21 (d, J = 1.4 Hz), 133.85, 131.98 (q, J = 31.5 

Hz), 125.62 (q, J = 271.6 Hz), 122.28 (q, J = 3.9 Hz), 117.60 (q, J = 3.7 Hz), 96.09, 74.84, 72.62, 

71.99, 70.57, 65.68, -0.90, -1.86. HRMS (ESI) calcd for C19H17F3FeSi [M]+ 386.0401, found 

386.0393. HPLC analysis (IA-3): Hexane/Isopropanol = 100:0, 0.5 mL/min, 254 nm UV detector, 

99% ee, tR =11.3 min (major) and tR = 9.6 min (minor). [α]
25 

D  = 393.9 (c = 0.595, acetone). 

 

According to general procedure, 2e was obtained in 92% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.47 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.13 (dd, J 

= 7.7, 1.9 Hz, 1H), 4.96 (dd, J = 2.3, 0.8 Hz, 1H), 4.57 (t, J = 2.3 Hz, 1H), 4.43 (dd, J = 2.3, 0.8 Hz, 

1H), 4.00 (s, 5H), 0.69 (s, 3H), 0.29 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 151.50, 141.36, 

136.26, 134.62, 125.73, 121.57, 96.17, 74.54, 72.87, 71.81, 70.49, 65.43, -0.71, -1.66. HPLC 

analysis (OD-3): Hexane/Isopropanol = 99:1, 0.5 mL/min, 254 nm UV detector, 98% ee, tR =8.3 

min (major) and tR = 9.0 min (minor). [α]
25 

D  = 111.7 (c = 0.68, acetone). 
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According to general procedure, 2f was obtained in 97% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.31 – 7.29 (m, 2H), 7.08 (d, J = 7.8 Hz, 1H), 4.83 (dd, J = 

2.3, 0.8 Hz, 1H), 4.50 (t, J = 2.2 Hz, 1H), 4.36 (dd, J = 2.2, 0.8 Hz, 1H), 3.96 (s, 5H), 2.27 (s, 3H), 

0.68 (s, 3H), 0.27 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 145.67, 142.91, 135.14, 134.08, 

131.03, 121.53, 98.13, 73.78, 72.13, 71.09, 70.30, 64.67, 21.34, -0.59, -1.54. HPLC analysis (OD-

H): Hexsane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 98% ee, tR = 12.3 min (major) 

and tR = 11.7 min (minor). [α]
25 

D  = 359.9 (c = 0.515, acetone). 

 

According to general procedure, 2g was obtained in 97% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.58 (dd, J = 1.6, 0.8 Hz, 1H), 7.35 – 7.31  (m, 2H), 4.83 

(dd, J = 2.2, 0.8 Hz, 1H), 4.51 (t, J = 2.3 Hz, 1H), 4.36 (dd, J = 2.3, 0.8 Hz, 1H), 3.96 (s, 5H), 1.32 

(s, 9H), 0.69 (s, 3H), 0.27 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 148.44, 145.64, 142.53, 

129.98, 127.33, 121.30, 98.01, 73.75, 72.35, 71.07, 70.23, 70.13, 64.67, 35.11, 31.78, -0.49, -1.38. 

HPLC analysis (OD-H): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 98% 

ee, tR = 8.5 min (major) and tR = 7.9 min (minor). [α]
25 

D  = 353.2 (c = 0.6, acetone). 

 

According to general procedure, 2h was obtained in 92% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.42 (dd, J = 8.3, 4.9 Hz, 1H), 7.26 (dd, J = 8.3, 2.6 Hz, 1H), 
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7.03 – 6.98 (m, 1H), 4.87 (dd, J = 2.3, 0.9 Hz, 1H), 4.53 (t, J = 2.3 Hz, 1H), 4.39 (dd, J = 2.2, 0.8 

Hz, 1H), 3.98 (s, 5H), 0.70 (s, 3H), 0.29 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 162.20 (d, J 

= 243.8 Hz), 145.92 (d, J = 4.8 Hz), 144.58 (d, J = 2.5 Hz), 122.89 (d, J = 7.4 Hz), 119.80 (d, J = 

19.8 Hz), 116.79 (d, J = 22.4 Hz), 97.05, 74.08, 72.13, 71.43, 70.36, 64.91, -0.78, -1.70. HPLC 

analysis (OD-H): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 98% ee, tR = 

10.5 min (major) and tR = 9.9 min (minor). [α]
25 

D  = 263.9 (c = 0.57, acetone). 

 

According to general procedure, 2i was obtained in 90% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.49 (d, J = 2.2 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.27 (dd, J 

= 8.1, 2.2 Hz, 1H), 4.90 (dd, J = 2.3, 0.8 Hz, 1H), 4.56 (t, J = 2.3 Hz, 1H), 4.42 (dd, J = 2.2, 0.8 

Hz, 1H), 3.99 (s, 5H), 0.71 (s, 3H), 0.31 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 147.63, 

145.77, 133.07, 131.45, 130.14, 123.02, 96.50, 74.46, 72.34, 71.70, 70.50, 65.29, -0.79, -1.73. 

HPLC analysis (OD-H): Hexane/Isopropanol = 99.7:0.3, 1 mL/min, 254 nm UV detector, 96% ee, 

tR = 6.6 min (major) and tR = 6.2 min (minor). [α]
25 

D  = 423.5 (c = 0.48, acetone). 

 

According to general procedure, 2j was obtained in 97% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.49 (d, J = 8.3 Hz, 1H), 7.44 (d, J = 1.2 Hz, 1H), 7.21 – 7.18 

(m, 1H), 4.93 (dd, J = 2.3, 0.8 Hz, 1H), 4.58 (t, J = 2.3 Hz, 1H), 4.44 (dd, J = 2.3, 0.8 Hz, 1H), 4.00 

(s, 5H), 0.72 (s, 3H), 0.32 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 148.18, 147.85 (d, J = 2 

Hz), 145.77, 125.85, 123.07, 122.73, 121.50 (q, J = 255.53 Hz), 96.27, 74.55, 72.61, 71.83, 70.50, 

65.41, -0.84, -1.75. HRMS (ESI) calcd for C19H17F3FeOSi [M]+ 402.0350, found 402.0349. 

HPLC analysis (OD-3): Hexane/Isopropanol = 99.7:0.3, 0.5 mL/min, 254 nm UV detector, 97% 

ee, tR = 10.2 min (major) and tR = 9.5 min (minor). [α]
25 

D  = 290.3 (c = 0.495, acetone). 
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According to general procedure, 2k was obtained in 96% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.26 (dd, J = 8.3, 0.5 Hz, 1H), 6.98 (d, J = 2.6 Hz, 1H), 6.68 

(dd, J = 8.4, 2.7 Hz, 1H), 4.73 (dd, J = 2.2, 0.8 Hz, 1H), 4.44 (t, J = 2.2 Hz, 1H), 4.29 (dd, J = 2.2, 

0.8 Hz, 1H), 3.95 (s, 5H), 2.94 (s, 6H), 0.68 (s, 3H), 0.27 (s, 3H). 13C NMR (101 MHz, CD3COCD3) 

δ 149.96, 143.80, 136.16, 122.24, 117.91, 114.69, 99.65, 73.08, 71.22, 70.47, 70.08, 63.64, 40.93, -

0.42, -1.32. HRMS (ESI) calcd for C20H24FeNSi [M+H]+ 362.1022, found 362.1025. HPLC 

analysis (IA-3): Hexane/Isopropanol = 99:1, 0.5 mL/min, 254 nm UV detector, 97% ee, tR = 9.3 

min (major) and tR = 9.6 min (minor). [α]
25 

D  = 388.3 (c = 0.062, acetone). 

 

According to general procedure, 2l was obtained in 80% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/Ethyl acetate = 10:1). 1H NMR (400 MHz, CD3COCD3) δ 7.11 (s, 1H), 7.10 (s, 1H), 4.82 

(d, J = 2.2 Hz, 1H), 4.46 (t, J = 2.2 Hz, 1H), 4.32 (d, J = 2.1 Hz, 1H), 3.97 (s, 5H), 3.85 (s, 3H), 

3.81 (s, 3H), 0.66 (s, 3H), 0.26 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ152.19, 148.79, 141.93, 

133.45, 117.12, 106.52, 98.66, 73.34, 72.18, 71.01, 70.27, 69.20, 64.42, 56.31, 56.03, 30.42, -0.48, 

-1.36. HPLC analysis (ID): Hexane/Isopropanol = 95:5, 1 mL/min, 254 nm UV detector, 98% ee, 

tR = 6.7 min (major) and tR = 11.1 min (minor). [α]
25 

D  = 208.2 (c = 0.37, acetone). 

 

According to general procedure, 2m was obtained in 98% yield and 95% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 
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1H NMR (400 MHz, CD3COCD3) δ 7.28 – 7.21 (m, 1H), 7.17 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.4 

Hz, 1H), 4.85 (dd, J = 2.3, 0.9 Hz, 1H), 4.51 (t, J = 2.2 Hz, 1H), 4.38 (dd, J = 2.3, 0.8 Hz, 1H), 

3.97 (s, 5H), 2.39 (s, 3H), 0.75 (s, 3H), 0.33 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 148.71, 

143.38, 141.31, 130.76, 127.06, 119.30, 97.87, 73.84, 72.17, 71.14, 70.31, 64.96, 22.21, -1.08, -

1.25. HRMS (ESI) calcd for C19H20FeSi [M]+ 332.0684, found 332.0682. HPLC analysis (IA-3): 

Hexane/Isopropanol = 100:0, 0.5 mL/min, 254 nm UV detector, 95% ee, tR = 11.6 min (major) and 

tR = 14.6 min (minor). [α]
25 

D  = 428.4 (c = 0.24, acetone).  

 

According to general procedure, 2n was obtained in 98% yield and 97% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

((Hexane/DCM = 5:1). 1H NMR (400 MHz, CD3COCD3) δ 7.28 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 

7.8 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 4.83 (dd, J = 2.3, 0.8 Hz, 1H), 4.50 (t, J = 2.3 Hz, 1H), 4.35 

(dd, J = 2.2, 0.8 Hz, 1H), 3.97 (s, 5H), 3.81 (s, 3H), 0.68 (s, 3H), 0.27 (s, 3H). 13C NMR (101 MHz, 

CD3COCD3) δ164.40, 150.33, 132.69, 128.28, 115.14, 108.16, 97.53, 73.87, 72.97, 71.27, 70.32, 

65.11, 55.45, -1.12, -1.48. HRMS (ESI) calcd for C19H20FeOSi [M]+ 348.0633, found 348.0630. 

HPLC analysis (IA-3): Hexane/Isopropanol = 99.7:0.3, 0.5 mL/min, 254 nm UV detector, 97% ee, 

tR = 9.4 min (major) and tR = 10.0 min (minor). [α]
25 

D  = 658.1 (c = 0.63, acetone). 

 

According to general procedure, 2o was obtained in 93% yield and 97% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.34 – 7.29 (m, 1H), 7.25 – 7.23 (m, 1H), 6.82 – 6.77 (m, 1H), 

4.91 (dd, J = 2.3, 0.9 Hz, 1H), 4.56 (t, J = 2.3 Hz, 1H), 4.43 (dd, J = 2.2, 0.9 Hz, 1H), 4.00 (s, 5H), 

0.75 (s, 3H), 0.35 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 167.02 (d, J = 239.4 Hz), 151.78 

(d, J = 12.7 Hz), 133.36 (d, J = 8.1 Hz), 126.80 (d, J = 35.0 Hz), 118.16 (d, J = 2.7 Hz), 112.43 (d, 

J = 25.1 Hz), 96.67 (d, J = 1.9 Hz), 74.59, 72.36, 71.67, 70.51, 65.50, -0.94, -1.50. HRMS (ESI) 
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calcd for C18H17FFeSi [M]+ 336.0433, found 336.0431. HPLC analysis (OD-3): 

Hexane/Isopropanol = 99:1, 0.5 mL/min, 254 nm UV detector, 97% ee, tR = 10.4 min (major) and 

tR = 8.9 min (minor). [α]
25 

D  = 507.3 (c = 0.54, acetone). 

  

According to general procedure, 2p was obtained in 97% yield and 84% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.33 (dd, J = 6.9, 1.5, 0.7 Hz, 1H), 7.14 – 6.97 (m, 2H), 4.88 

(dd, J = 2.3, 0.8 Hz, 1H), 4.56 (t, J = 2.3 Hz, 1H), 4.41 (dd, J = 2.3, 0.8 Hz, 1H), 3.99 (s, 5H), 2.50 

(s, 3H), 0.66 (s, 3H), 0.26 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 146.97, 143.20, 132.66, 

132.54, 130.86, 126.05, 97.65, 74.52, 72.74, 71.28, 70.08, 68.90, 21.49, -0.71, -1.57. HPLC 

analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 84% ee, tR = 

11.0 min (major) and tR = 12.4 min (minor). [α]
25 

D  = 114.6 (c = 0.70, acetone).  

 

According to general procedure, 2q was obtained in 97% yield and 99% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.51 – 7.46 (m, 1H), 7.25 – 7.24 (m, 2H), 4.93 (d, J = 2.2 Hz, 

1H), 4.63 (t, J = 2.3 Hz, 1H), 4.48 (dd, J = 2.3, 0.9 Hz, 1H), 4.03 (s, 5H), 0.72 (s, 3H), 0.31 (s, 3H). 

13C NMR (101 MHz, CD3COCD3) δ 147.02, 144.77 (q, J = 1.3 Hz), 140.70, 132.07, 127.61, 122.07 

(q, J = 1.3 Hz), 121.08 (q, J = 128.3 Hz), 93.08, 75.11, 72.59, 72.57, 71.73, 70.38, 68.66, -0.83, -

1.69. HRMS (ESI) calcd for C19H17F3FeOSi [M]+ 402.0345, found 402.0340. HPLC analysis 

(OD-H): Hexane/Isopropanol=100:0, 0.5 mL/min, 254 nm UV detector, 99% ee, tR = 10.3 min 

(major) and tR = 11.7 min (minor). [α]
25 

D  = 343.4 (c = 0.41, acetone). 
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According to general procedure, 2r was obtained in 97% yield and 95% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.32 – 7.31 (m, 1H), 7.19 – 7.14 (ddd, J = 8.2, 6.9, 4.7 Hz, 

1H), 7.06 – 7.01 (ddd, J = 10.6, 8.2, 1.0 Hz, 1H), 4.92 (td, J = 2.5, 0.9 Hz, 1H), 4.58 (t, J = 2.3 Hz, 

1H), 4.43 (dd, J = 2.3, 0.9 Hz, 1H), 4.01 (s, 5H), 0.71 (s, 3H), 0.30 (s, 3H). 13C NMR (101 MHz, 

CD3COCD3) δ 158.76 (d, J = 248.6 Hz), 146.61 (d, J = 1.5 Hz), 134.84 (d, J = 12.3 Hz), 129.26 (d, 

J = 3.3 Hz), 127.95 (d, J = 5.9 Hz), 117.19 (d, J = 20.5 Hz), 93.00 (d, J = 2.2 Hz), 74.69 (d, J = 1.0 

Hz), 72.06, 71.47, 70.35, 68.26 (d, J = 5.0 Hz), -0.78, -1.63. HRMS (ESI) calcd for C18H17FFeSi 

[M]+ 336.0433, found 336.0430. HPLC analysis (OD-H): Hexane/Isopropanol = 99.5:0.5, 0.5 

mL/min, 254 nm UV detector, 95% ee, tR =9.2 min (major) and tR =8.7 min (minor). [α]
25 

D  = 452.8 

(c = 0.57, acetone). 

 

According to general procedure, 2s was obtained in 97% yield and 96% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

((Hexane/DCM = 5:1). 1H NMR (400 MHz, CD3COCD3) δ 7.16 – 7.08 (m, 2H), 6.95 (dd, J = 8.0, 

1.2 Hz, 1H), 5.06 (dd, J = 2.2, 0.9 Hz, 1H), 4.49 (t, J = 2.2 Hz, 1H), 4.34 (dd, J = 2.3, 0.9 Hz, 1H), 

3.95 (s, 5H), 3.95 (s, 3H), 0.67 (s, 3H), 0.27 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 155.81, 

144.51, 136.18, 127.52, 125.48, 113.09, 95.99, 73.97, 71.37, 70.81, 70.12, 69.51, 55.68, -0.67, -

1.53. HRMS (ESI) calcd for C19H20FeOSi [M]+ 348.0633, found 348.0631. HPLC analysis (OD-

H): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 96% ee, tR =6.0 min (major) 

and tR =5.8 min (minor). [α]
25 

D  = -6.2 (c = 0.53, acetone). 
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According to general procedure, 2t was obtained in 95% yield and 81% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.44 (dd, J = 6.9, 1.1 Hz, 1H), 7.31 (dd, J = 8.0, 1.1 Hz, 1H), 

7.13 (t, J = 7.4 Hz, 1H), 5.31 (dd, J = 2.3, 0.9 Hz, 1H), 4.61 (t, J = 2.4 Hz, 1H), 4.46 (dd, J = 2.4, 

0.9 Hz, 1H), 4.03 (s, 5H), 0.69 (s, 3H), 0.30 (s, 3H). 13C NMR (101 MHz, CD3COCD3) δ 146.51, 

146.01, 131.78, 131.64, 129.27, 127.37, 95.07, 75.01, 72.88, 71.84, 70.36, 69.75, -0.85, -1.69. 

HRMS (ESI) calcd for C18H17ClFeSi [M]+ 352.0132, found 352.0130. HPLC analysis (OD-H): 

Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 81% ee, tR =10.6 min (major) 

and tR =8.8 min (minor). [α]
25 

D  = 3.9 (c = 0.543, acetone). 

 

According to general procedure, 2u was obtained in 59% yield and 86% ee as dark orange oil 

under the modified optimized condition by use of L2 as the chiral ligand at 90 °C for 48 h. Rf = 0.3 

(Hexane). 1H NMR (400 MHz, CD3COCD3) δ 7.47 – 7.41 (m, 1H), 7.27 (td, J = 7.5, 1.3 Hz, 1H), 

7.10 (td, J = 7.3, 1.1 Hz, 1H), 4.90 (d, J = 2.3 Hz, 1H), 4.55 (t, J = 2.3 Hz, 1H), 4.37 (d, J = 2.3 Hz, 

1H), 3.97 (s, 5H), 1.36 (t, J = 7.8 Hz, 3H), 1.25 – 1.11 (m, 2H), 0.86 – 0.78 (m, 5H). 13C NMR (101 

MHz, CD3COCD3) δ 149.31, 141.12, 133.89, 130.36, 125.99, 121.85, 98.10, 74.10, 71.65, 70.97, 

70.40, 64.95, 8.22, 7.85, 5.91, 5.58. HPLC analysis (OD-3): Hexane/Isopropanol = 99:1, 1 mL/min, 

254 nm UV detector, 86% ee, tR = 14.8 min (major) and tR = 10.7 min (minor). [α]
25 

D  = 290.2 (c = 

0.37, acetone). 
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According to general procedure, 2v was obtained in 98% yield and 86% ee as dark orange oil 

under the modified optimized condition by use of L2 as the chiral ligand at 100 °C for 24 h. Rf = 

0.3 (Hexane). 1H NMR (400 MHz, CD3COCD3) δ 8.00 – 7.97 (m, 2H), 7.79 (d, J = 7.3, 1H), 7.56 

– 7.48 (m, 6H), 7.39 – 7.21 (m, 5H), 5.01 (dd, J = 2.2, 1.0 Hz, 1H), 4.66 (dd, J = 2.6, 1.6 Hz, 2H), 

3.66 (s, 5H). 13C NMR (101 MHz, CD3COCD3) δ 149.81, 138.82, 136.50, 135.96, 135.61, 134.91, 

131.03, 130.77, 130.39, 128.94, 128.68, 126.46, 122.21, 98.08, 74.69, 71.72, 70.84, 69.74, 65.38. 

HPLC analysis (OD-H): Hexane/Isopropanol = 99:1, 1 mL/min, 254 nm UV detector, 86% ee, tR 

= 12.7 min (major) and tR = 8.0 min (minor). [α]
25 

D  = 296.2 (c = 0.67, acetone). 

 

According to general procedure, 2w was obtained in 92% yield and 98% ee as colorless oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 (Hexane). 

1H NMR (400 MHz, CD3COCD3) δ 7.42 (dt, J = 7.0, 1.0 Hz, 1H), 7.29 (dt, J = 7.6, 0.9 Hz, 1H), 

7.19 (td, J = 7.5, 1.3 Hz, 1H), 7.05 (td, J = 7.2, 1.1 Hz, 1H), 5.24 (dd, J = 2.2, 0.7 Hz, 1H), 4.77 (t, 

J = 2.2 Hz, 1H), 4.72 (dd, J = 2.1, 0.7 Hz, 1H), 4.38 (s, 5H), 0.50 (s, 3H), 0.36 (s, 3H). 13C NMR 

(101 MHz, CD3COCD3) δ 147.86, 141.99, 133.32, 130.15, 126.22, 121.28, 101.24, 77.21, 75.11, 

72.72, 72.10, 66.86, -0.03, -1.40. HPLC analysis (OD-3): Hexane/Isopropanol = 99:1, 0.5 mL/min, 

254 nm UV detector, 98% ee, tR = 6.0 min (major) and tR = 4.3 min (minor). [α]
25 

D  = 178.1 (c = 0.524, 

acetone). 

3. Iridium-Catalyzed 6-Membered Enantioselective C−H Silylation of 

Ferrocenes 

3.1 General procedures for the synthesis of starting materials 31, 2, 4, 5 

 

To a solution of substituted phenol S3 (20 mmol, 1 equiv) and DIPEA (6.6 mL, 40 mmol, 2 

equiv) in DCM (50 mL), MOMCl (2.3 mL, 2.4g, 30 mmol, 1.5 equiv) was added dropwise at 0 °C. 
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After addition, the solution was allowed to warm to room temperature and stirred overnight. The 

reaction mixture was then diluted with DCM (100 mL) and washed with sat NH4Cl aq solution (30 

mL × 3). The organic layer was separated, washed with brine (50 mL), dried with Na2SO4, filtered 

and concentrated under reduced pressure to yield the crude product S4. The crude product S4 was 

directly used for next step without any further purification. 

 

The stirred solution of ferrocene (20 mmol) in THF (60 mL) was cooled to -78 °C under N2, t-

BuOK (10 mol%, 224 mg) was added followed by dropwise addition of t-BuLi (42 mmol. 1.6 M, 

26 mL). After being stirred at this temperature for 1 h, ZnCl2 (42 mmol, 5.7 g) was added in one 

portion and the system was gradually warmed to room temperature in 1 h. Then, the aryl bromide 

S4 (20 mmol, 1 equiv), Pd2(dba)3 (0.183g, 0.02 mmol, 1 mol%) and RuPhos (0.38g, 0.08 mmol, 4 

mol%) were added sequentially and the mixture is refluxed overnight (If the aryl bromide S4 

contains a chloro-group on phenyl ring, Pd(PPh3)4 (1.15 g, 1 mmol, 0.05 equiv) was used as the 

catalyst instead of Pd2(dba)3/RuPhos system during the coupling  reaction). The solution was 

cooled and quenched with sat NH4Cl aq solution (10 mL) and extracted with DCM for three times 

(100 mL × 3). The combined organic layer was separated, washed with brine (50 mL), dried with 

Na2SO4, filtered and concentrated under reduced pressure.The crude product S5 was purified by 

column chromatography on silica gel using hexane/DCM as eluent. 

A two-necked flask equipped with a magnetic stir bar and a reflux condenser was charged with 

S5 (10 mmol, 1 equiv), NaI (14.9 g, 100 mmol, 10 equiv), TsOH•H2O (3.8 g, 20 mmol, 2 equiv) 

and evacuated and backfilled with N2 for three times. Degassed THF (80 mL) and water (20 mL) 

was added to the flask via syringe. The mixture was refluxed until the starting material S5 had been 
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completely consumed as judged by TLC analysis. The volatiles were removed under vacuum, and 

the residue was extracted with DCM for three times (50 mL × 3). The combined organic layer was 

separated, washed with brine (50 mL), dried with Na2SO4, filtered and concentrated under reduced 

pressure. The crude product was purified by column chromatography on silica gel using 

hexane/DCM as eluent to deliver the product S6. 

Following the literature procedure,6,7 a flame-dried flask was charged with [Ir(cod)Cl]2 (33.6 

mg, 0.05 mmol, 0.5 mol%) and Et2SiH2 (15 mmol, 1.5 equiv) under N2 and stirred at room 

temperature until the brown solid was completely dissolved. S6 (10 mmol, 1 equiv) in benzene (20 

mL) was added dropwise to the flask under N2. The mixture was stirred at room temperature until 

the starting material S6 had been completely consumed as judged by NMR analysis (typically 10-

72 h). The volatiles were removed under vacuum to afford the hydrosilane product 3 with almost 

quantitative yield, which was directly used for next step without any further purification. 

3.2 Characterization of starting materials 3 

 

According to the general procedure, 3a was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.7 Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.97 (t, J = 

7.5 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 4.81 – 4.80 (m, 1H), 4.76 (s, 2H), 4.29 (s, 2H), 4.08 (s, 5H), 

1.06 – 0.97 (m, 6H), 0.87 – 0.81 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 152.74, 129.75, 129.18, 

126.70, 121.32, 118.57, 82.65, 69.37, 68.94, 68.15, 6.62, 5.15. 

 

According to general procedure, 3b was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.33 (s, 1H), 6.88 (d, J = 8.2 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 

4.77 –4.75 (m, 3H), 4.31 (s, 2H), 4.10 (s, 5H), 2.32 (s, 3H), 1.01 (t, J = 7.7 Hz, 6H), 0.83 – 0.80 (m, 

4H). 13C NMR (101 MHz, CDCl3) δ 150.56, 130.28, 130.13, 128.63, 127.31, 118.31, 82.82, 69.34, 

68.82, 68.09, 20.72, 6.64, 5.15. 
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According to general procedure, 3c was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 2.6 Hz, 1H), 7.11 (dd, J = 8.5, 2.6 Hz, 1H), 6.80 (d, 

J = 8.4 Hz, 1H), 4.76 – 4.74 (m, 1H), 4.72 (t, J = 1.9 Hz, 2H), 4.27 (s, 2H), 4.07 (s, 5H), 1.36 (s, 

9H), 1.02 (t, J = 7.9 Hz, 6H), 0.86 – 0.77 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 150.44, 143.59, 

128.09, 127.18, 123.64, 117.86, 83.61, 69.34, 69.12, 67.94, 34.09, 31.57, 6.63, 5.19. 

 

According to general procedure, 3d was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 2.4 Hz, 1H), 7.62 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 

7.6 Hz, 2H), 7.37 – 7.32 (m, 2H), 6.96 (d, J = 8.3 Hz, 1H), 4.85 – 4.79 (m, 3H), 4.31 (s, 2H), 4.10 

(s, 5H), 1.06 (t, J = 7.8 Hz, 6H), 0.90 – 0.84 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 152.35, 

140.91, 134.26, 129.44, 128.68, 128.37, 126.68, 125.42, 118.77, 82.60, 69.38, 68.94, 68.25, 6.63, 

5.16. 

 

According to general procedure, 3e was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 2.3 Hz, 1H), 7.79 (dd, J = 8.5, 2.3 Hz, 1H), 6.91 (d, 

J = 8.5 Hz, 1H), 4.87 – 4.85(m, 1H), 4.79 (t, J = 1.9 Hz, 2H), 4.31 (t, J = 1.9 Hz, 2H), 4.06 (s, 5H), 

3.92 (s, 3H), 1.06 –0.99 (m, 6H), 0.90 – 0.84 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 166.95, 

156.73, 131.35, 129.51, 128.37, 123.17, 118.11, 81.50, 69.45, 68.85, 68.53, 51.95, 6.56, 5.07. 
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According to general procedure, 3f was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.26 – 7.23 (m, 1H), 7.82 – 7.65 (m, 2H), 4.74 –4.73 (m, 3H), 

4.31 (s, 2H), 4.08 (s, 5H), 1.03 – 0.95 (m, 6H), 0.83 – 0.76 (m, 4H). 13C NMR (101 MHz, CDCl3) 

δ 157.39 (d, J = 238.1 Hz), 148.74 (d, J = 1.6 Hz), 131.04 (d, J = 8.0 Hz), 119.33 (d, J = 8.6 Hz), 

115.52 (d, J = 23.5 Hz), 112.89 (d, J = 23.0 Hz), 81.48, 69.49, 68.99, 68.53, 6.57, 5.07. 

 

According to general procedure, 3g was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.50 (s, 1H), 7.04 (d, J = 9.3 Hz, 1H), 6.80 (d, J = 8.6 Hz, 1H), 

4.76 – 4.75 (m, 3H), 4.32 (s, 2H), 4.09 (s, 5H), 1.01 (t, J = 7.9 Hz, 6H), 0.84 – 0.78 (m, 4H). 13C 

NMR (101 MHz, CDCl3) δ 151.33, 131.31, 129.05, 126.30, 126.13, 119.63, 81.20, 69.47, 68.87, 

68.56, 6.57, 5.04. 

 

According to general procedure, 3h was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 6.94 (d, J = 8.5 Hz, 1H), 

4.84 – 4.76(m, 3H), 4.33 (s, 2H), 4.07 (s, 5H), 1.04 (t, J = 8.0 Hz, 6H), 0.89 – 0.83 (m, 4H). 13C 

NMR (101 MHz, CDCl3) δ 155.37, 130.35, 126.80 (q, J = 3.5 Hz), 124.5 (q, J = 272.4 Hz), 123.68 

(q, J = 3.9, 3.5 Hz), 123.58 (q, J = 32.3 Hz), 118.53, 81.24, 69.55, 68.99, 68.73, 6.59, 5.12. 

 

According to general procedure, 3i was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.14 (d, J = 3.1 Hz, 1H), 6.80 (d, J = 8.7 Hz, 1H), 6.66 (dd, J 

= 8.8, 3.1 Hz, 1H), 4.74 – 4.70 (m, 3H), 4.27 (t, J = 1.9 Hz, 2H), 4.07 (s, 5H), 3.82 (s, 3H), 1.00 (t, 

J = 7.9 Hz, 6H), 0.87 – 0.73 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 153.78, 146.82, 130.12, 
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119.12, 115.17, 111.48, 82.52, 69.41, 69.04, 68.24, 55.59, 6.62, 5.12. 

 

According to general procedure, 3j was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.53 (t, J = 7.8 Hz, 1H), 6.72 – 6.62 (m, 2H), 4.80 – 4.79 (m, 

1H), 4.69 (t, J = 1.9 Hz, 2H), 4.27 (t, J = 1.9 Hz, 2H), 4.07 (s, 5H), 1.04 (t, J = 7.7 Hz, 6H), 0.87 – 

0.81 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 161.31 (d, J = 245.6 Hz), 153.51 (d, J = 10.4 Hz), 

130.32 (d, J = 9.6 Hz), 125.23 (d, J = 3.5 Hz), 108.29 (d, J = 21.0 Hz), 105.92 (d, J = 22.9 Hz), 

82.18, 69.34, 68.67, 68.09, 6.54, 5.01. 

 

According to general procedure, 3k was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 2.7 Hz, 1H), 7.04 (dd, J = 8.7, 2.7 Hz, 1H), 6.80 (d, 

J = 8.6 Hz, 1H), 4.77 (s, 1H), 4.73 (s, 2H), 4.30 (s, 2H), 4.08 (s, 5H), 1.04 – 0.95 (m, 6H), 0.85 – 

0.79 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 151.35, 131.32, 129.08, 126.33, 126.13, 119.65, 

81.26, 69.51, 68.90, 68.59, 6.58, 5.05. 

 

According to general procedure, 3l was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.1 Hz, 1H), 7.19 (dd, J = 8.2, 1.8 Hz, 1H), 7.10 

(d, J = 1.9 Hz, 1H), 4.84 – 4.81 (m, 1H), 4.78 (t, J = 1.8 Hz, 3H), 4.34 (t, J = 1.9 Hz, 2H), 4.07 (s, 

4H), 1.02 – 0.97 (m, 6H), 0.88 – 0.81 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 152.69, 133.79, 

129.85, 128.46 (q, J = 32.6 Hz), 124.08 (q, J = 272.7 Hz), 117.98 (q, J = 3.8 Hz), 115.34 (q, J = 

3.8 Hz), 80.77, 69.55, 69.18, 68.86, 6.52, 5.05. 



30 
 

 

According to general procedure, 3m was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.6 Hz, 1H), 6.55 (dd, J = 8.6, 2.6 Hz, 1H), 6.48 (d, 

J = 2.5 Hz, 1H), 4.81 – 4.78 (m, 1H), 4.68 (t, J = 1.8 Hz, 2H), 4.24 (t, J = 1.8 Hz, 2H), 4.07 (s, 5H), 

3.81 (s, 3H), 1.05 – 1.02 (m, 6H), 0.86 – 0.80 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 158.59, 

153.54, 130.18, 121.53, 106.75, 104.81, 83.21, 69.28, 68.42, 67.80, 55.26, 6.61, 5.10. 

 

According to general procedure, 3n was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.57 (dd, J = 8.5, 1.6 Hz, 1H), 6.84 (d, J = 8.6 Hz, 1H), 6.76 (s, 

1H), 4.80 – 4.79 (m, 1H), 4.71 (s, 2H), 4.30 (s, 2H), 4.08 (s, 5H), 1.05 – 0.96 (m, 6H), 0.87 – 0.81 

(m, 4H). 13C NMR (101 MHz, CDCl3) δ 153.28, 147.38 (q, J = 1.9 Hz), 130.18, 128.34, 120.45 (q, 

J = 257.0 Hz), 113.63, 111.43, 81.50, 69.43, 68.86, 68.38, 6.52, 5.02. 

 

According to general procedure, 3o was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 7.7, 1.9 Hz, 1H), 7.02 – 6.99 (m, 1H), 6.93 (t, J = 

7.5 Hz, 1H), 4.62 (t, J = 1.9 Hz, 2H), 4.42 – 4.41 (m, 1H), 4.27 (t, J = 1.9 Hz, 2H), 4.09 (s, 5H), 

2.28(s, 3H), 0.87 – 0.83 (m, 6H), 0.56 – 0.47 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 151.17, 

129.83, 129.11, 128.80, 128.61, 121.49, 84.21, 70.20, 69.47, 69.44, 67.73, 17.33, 6.48, 5.26. 

 

According to general procedure, 3p was obtained in almost quantitative yield as dark orange 
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oil. 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 7.6 Hz, 1H), 6.94 – 6.86 (m, 2H), 4.73 – 4.68 (m, 

3H), 4.30 (s, 2H), 4.07 (s, 5H), 0.99 – 0.95 (m, 6H), 0.89 – 0.76 (m, 4H). 13C NMR (101 MHz, 

CDCl3) δ 154.32 (d, J = 241.0 Hz), 140.51 (d, J = 13.4 Hz), 132.22, 124.76, 121.02 (d, J = 8.3 Hz), 

113.16 (d, J = 19.7 Hz), 81.63 (d, J = 2.6 Hz), 69.47, 69.15, 68.38, 6.45, 5.52. 

 

According to general procedure, 3q was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.56 (dd, J = 7.8, 1.7 Hz, 1H), 7.19 (dd, J = 7.9, 1.7 Hz, 1H), 

6.92 (t, J = 7.8 Hz, 1H), 4.65 (t, J = 1.8 Hz, 2H), 4.52 – 4.50 (m, 1H), 4.29 (t, J = 1.8 Hz, 2H), 4.07 

(s, 5H), 0.86 (t, J = 7.9 Hz, 6H), 0.64 – 0.59 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 148.82, 

132.30, 129.12, 129.10, 127.41, 127.38, 126.09, 122.07, 82.63, 69.99, 69.55, 68.17, 6.44, 5.36. 

 

According to general procedure, 3r was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.19 (d, J = 7.9 Hz, 1H), 6.88 (t, J = 7.9 Hz, 1H), 6.72 (d, J = 

7.9 Hz, 1H), 4.77 (s, 2H), 4.70 – 4.68 (m, 1H), 4.28 (s, 2H), 4.07 (s, 5H), 3.84 (s, 3H), 0.96 (t, J = 

7.9 Hz, 6H), 0.80 – 0.69 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 150.33, 142.15, 129.84, 121.77, 

120.73, 108.92, 82.48, 69.36, 69.13, 68.10, 55.27, 6.72, 6.01. 

 

According to general procedure, 3s was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.04 (t, J = 7.8 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 6.76 (d, J = 

8.1 Hz, 1H), 4.71 – 4.68 (m, 1H), 4.59 (t, J = 1.9 Hz, 2H), 4.30 (t, J = 1.9 Hz, 2H), 4.13 (s, 5H), 

2.94 (s, 3H), 1.0 – 0.96 (m, 6H), 0.81 – 0.74 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 153.93, 

138.29, 127.42, 126.32, 124.59, 116.40, 81.92, 71.18, 69.25, 67.08, 22.42, 6.69, 5.21. 
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According to general procedure, 3t was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.08 –7.03 (m, 1H), 6.77 – 6.69 (m, 2H), 4.81 (s, 2H), 4.72 (s, 

1H), 4.30 (s, 2H), 4.11 (s, 5H), 1.00 – 0.96 (m, 6H), 0.80 – 0.74 (m, 4H). 13C NMR (101 MHz, 

CDCl3) δ 161.17 (d, J = 248.0 Hz), 154.34 (d, J = 7.6 Hz), 126.37 (d, J = 11.3 Hz), 118.15 (d, J = 

14.1 Hz), 114.51, 109.18 (d, J = 24.0 Hz), 75.96, 70.26 (d, J = 4.9 Hz), 69.38, 67.95, 6.53, 5.01. 

 

According to general procedure, 3u was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.09 – 6.98 (m, 2H), 6.81 (dd, J = 7.8, 1.6 Hz, 1H), 4.81 (t, J = 

1.9 Hz, 1H), 4.64 – 4.62 (m, 1H), 4.32 (t, J = 1.9 Hz, 1H), 4.16 (s, 5H), 1.06 – 0.94 (m, 6H), 0.75 – 

0.69 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 154.82, 134.12, 127.87, 126.72, 124.38, 117.66, 

79.49, 71.32, 69.51, 67.43, 6.53, 5.00. 

 

According to general procedure, 3v was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 7.14 (t, J = 8.2 Hz, 1H), 6.99 – 6.95 (m, 1H), 6.85 (dd, J = 8.1, 

1.2 Hz, 1H), 4.77 – 4.74 (m, 3H), 4.33 (t, J = 1.9 Hz, 2H), 4.13 (s, 5H), 1.04 – 0.99 (m, 6H), 0.88 – 

0.74 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 154.79, 147.77, 126.41, 120.77(q, J =258.6 Hz), 

116.78, 112.74 (q, J = 2.2 Hz), 76.46, 70.67, 69.35, 67.96, 6.52, 5.07. 

 

According to general procedure, 3w was obtained in almost quantitative yield as dark orange 
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oil. 1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 11.8, 9.2 Hz, 1H), 6.71 (dd, J = 11.6, 7.1 Hz, 1H), 

4.75 – 4.73 (m, 1H), 4.67 (t, J = 1.9 Hz, 2H), 4.29 (t, J = 1.9 Hz, 2H), 4.08 (s, 5H), 1.04 – 0.94 (m, 

6H), 0.86 – 0.76 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 148.45 (dd, J = 7.5, 2.3 Hz), 147.96 (dd, 

J = 248.5, 14.0 Hz), 145.09 (dd, J = 240.1, 12.8 Hz), 126.03 (d, J = 9.3 Hz), 116.94 (d, J = 18.8 Hz), 

107.62 (d, J = 18.5 Hz), 81.08, 69.46, 68.83, 68.45, 6.49, 4.96. 

 

According to general procedure, 3x was obtained in almost quantitative yield as dark orange 

oil. 1H NMR (400 MHz, CDCl3) δ 6.99 (s, 1H), 6.36 (s, 1H), 4.61 – 4.56 (m, 1H), 4.56 (t, J = 1.9 

Hz, 2H), 4.14 (t, J = 1.8 Hz, 2H), 3.96 (s, 5H), 3.81 (s, 3H), 3.76 (s, 3H), 0.91 – 0.86 (m, 6H), 0.71 

– 0.59 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 147.74, 146.54, 143.49, 120.29, 113.10, 103.68, 

83.32, 69.29, 68.66, 67.87, 56.50, 55.92, 6.62, 5.16.  

 

Compound 3y was synthesized by a modified literature’s procedure,8 which has been described 

in our previous report. 1H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 7.7, 1.8 Hz, 10H), 7.07 (ddd, J 

= 8.1, 7.3, 1.8 Hz, 1H), 6.89 – 6.82 (m, 2H), 5.07 (t, J = 1.7 Hz, 2H), 4.75 (p, J = 2.4 Hz, 1H), 4.63 

(t, J = 1.7 Hz, 2H), 4.49 (s, 5H), 1.03 – 0.95 (m, 6H), 0.86 – 0.73 (m, 4H). 13C NMR (101 MHz, 

CDCl3) δ 152.56, 130.78, 128.42, 127.14, 121.12, 118.49, 87.53, 72.01, 71.23, 70.11, 6.59, 5.15. 

3.3 General procedure for the Ir-catalyzed asymmetric 6-membered C−H 

silylation 

In a N2 flushed glovebox, an oven-dried 8 mL tube equipped with a Teflon-coated magnetic 

stir bar was charged with [Ir(cod)OMe]2 (2.6 mg，0.004 mmol, 2 mol%), chiral N, N-ligand L2 or 

L6 (0.012 mmol, 6 mol%) and anhydrous 1,4-dioxane (0.5 mL). The resulting mixture was stirred 

in the glovebox at room temperature for 1 hour, followed by addition of the starting material 3 (0.2 

mmol, 1 equiv) in 1,4-dioxane (0.5 mL). The reaction tube was capped, removed from the glove 

box and the reaction mixture was stirred at 60 °C for 24 h. Then, the reaction mixture was cooled 
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to room temperature, concentrated under vacuum and subjected to silica gel column 

chromatography to deliver the planar chiral ferrocene sioles 2. The ee value of the product was 

determined by chiral HPLC analysis. L2 was employed as the chiral ligand for the enantioselective 

6-membered C−H silylation of substrates 3a-n as well as 3w-y. On the other hand, L6 was utilized 

as the chiral ligand for the enantioselective 6-membered C−H silylation of C3 or C6-substituted 

substrates 3o-v.  

3.4 Characterization of products 4 

 

According to general procedure, 4a was obtained in 93% yield and 98% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 7.7, 1.8 Hz, 1H), 7.11 – 7.09 

(m, 1H), 6.94 – 6.87 (m, 2H), 4.96 (dd, J = 2.4, 1.1 Hz, 1H), 4.53 (t, J = 2.4 Hz, 1H), 4.28 (dd, J = 

2.3, 1.0 Hz, 1H), 4.04 (s, 5H), 1.31 – 1.18 (m, 5H), 0.86 – 0.72 (m, 5H). 13C NMR (101 MHz, 

CDCl3) δ 152.42, 127.10, 125.57, 124.89, 120.70, 119.58, 86.80, 71.70, 71.53, 69.82, 65.40, 64.33, 

7.75, 7.48, 6.31, 6.26. HPLC analysis (IC-3): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm 

UV detector, 98% ee, tR = 8.0 min (major) and tR = 9.7 min (minor). [α]
25 

D  = 304 (c = 0.867, DCM). 

 

According to general procedure, 4b was obtained in 93% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.21 (d, J = 2.2 Hz, 1H), 6.94 – 6.91 (m, 1H), 

6.84 (d, J = 8.2 Hz, 1H), 4.96 (d, J = 1.6 Hz, 1H), 4.53 (t, J = 2.3 Hz, 1H), 4.29 (d, J = 1.6 Hz, 1H), 

4.06 (s, 5H), 2.33 (s, 3H), 1.33 – 1.15 (m, 5H), 0.87 – 0.69 (m, 5H). 13C NMR (101 MHz, CDCl3) 

δ 150.26, 129.65, 127.82, 125.26, 125.09, 119.24, 87.09, 71.67, 71.47, 69.83, 65.27, 64.46, 20.73, 

7.67, 7.39, 6.32, 6.30. HPLC analysis (OD-3): Hexane/Isopropanol = 99.7:0.3, 0.5 mL/min, 254 

nm UV detector, 96% ee, tR = 10.4 min (major) and tR = 12.3 min (minor). [α]
25 

D  = 111.6 (c = 0.645, 
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DCM). 

 

According to general procedure, 4c was obtained in 82% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 2.5 Hz, 1H), 7.13 (dd, J = 8.5, 

2.5 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H), 4.98 (dd, J = 2.4, 1.1 Hz, 1H), 4.52 (t, J = 2.4 Hz, 1H), 4.27 

(dd, J = 2.3, 1.1 Hz, 1H), 4.04 (s, 5H), 1.35 (s, 9H), 1.32 – 1.16 (m, 5H), 0.87 – 0.69 (m, 5H). 13C 

NMR (101 MHz, CDCl3) δ 150.08, 143.18, 124.45, 124.08, 121.60, 118.87, 87.38, 71.68, 71.39, 

69.81, 65.26, 64.37, 34.08, 31.61, 7.66, 7.52, 6.32, 6.31. HPLC analysis (IA-3): 

Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 97% ee, tR = 11.5 min (major) 

and tR = 9.1 min (minor). [α]
25 

D  = -29.7 (c = 0.72, DCM). 

 

According to general procedure, 4d was obtained in 87% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 3:1). 1H NMR (400 MHz, CDCl3) δ 7.62 – 7.60 (m, 3H), 7.45 (t, J = 7.5 Hz, 2H), 

7.35 – 7.31 (m, 2H), 6.99 (d, J = 8.3 Hz, 1H), 5.04 (s, 1H), 4.57 (s, 1H), 4.33 (s, 1H), 4.07 (s, 5H), 

1.33 – 1.18 (m, 5H), 0.89 – 0.74 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 152.13, 141.16, 133.75, 

128.65, 126.74, 126.57, 125.89, 125.84, 123.48, 119.90, 86.71, 71.84, 71.68, 69.90, 65.43, 64.41, 

7.76, 7.47, 6.31, 6.29. HRMS (ESI) calcd for C26H26FeOSi [M]+ 438.1102, found 

438.1103.HPLC analysis (OD-3): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV 

detector, 96% ee, tR = 11.9 min (major) and tR = 10.6 min (minor). [α]
25 

D  = 36.2 (c = 0.46, DCM). 
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According to general procedure, 4e was obtained in 84% yield and 95% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 (Hexane/ 

Ethyl acetate = 20:1). 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 2.2 Hz, 1H), 7.79 (dd, J = 8.5, 2.2 

Hz, 1H), 6.94 (d, J = 8.5 Hz, 1H), 5.07 (dd, J = 2.4, 1.1 Hz, 1H), 4.57 (t, J = 2.4 Hz, 1H), 4.30 (dd, 

J = 2.4, 1.0 Hz, 1H), 4.03 (s, 5H), 3.91 (s, 3H), 1.30 – 1.16 (m, 5H), 0.82 – 0.70 (m, 5H). 13C NMR 

(101 MHz, CDCl3) δ 167.12, 156.58, 128.80, 126.81, 125.91, 122.64, 119.60, 85.64, 71.99, 71.94, 

69.92, 65.83, 63.89, 51.88, 7.81, 7.48, 6.23, 6.14. HPLC analysis (OD-3) 

Hexane/Isopropanol=99:1, 0.5 mL/min, 254 nm UV detector, 95% ee, tR = 13.6 min (major) and tR 

= 18.2 min (minor). [α]
25 

D  = -72.1 (c = 0.65, DCM). 

 

According to general procedure, 4f was obtained in 92% yield and 95% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.07 (dd, J = 9.6, 3.0 Hz, 1H), 6.86 – 6.75 

(m, 2H), 4.89 (d, J = 2.2 Hz, 1H), 4.55 (t, J = 2.3 Hz, 1H), 4.30 (d, J = 2.1 Hz, 1H), 4.05 (s, 5H), 

1.30 – 1.12 (m, 5H), 0.84 – 0.68 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 157.17 (d, J = 236.6 Hz), 

148.35, 126.99 (d, J = 7.9 Hz), 120.18 (d, J = 8.5 Hz), 113.26 (d, J = 23.4 Hz), 110.79 (d, J = 24.0 

Hz), 85.77 (d, J = 0.7 Hz), 72.06, 71.86, 69.92, 65.64, 64.50, 7.70, 7.40, 6.27, 6.23. HPLC analysis 

(IC-3): Hexane/Isopropanol = 99.8:0.2, 0.5 mL/min, 254 nm UV detector, 95% ee, tR = 9.1 min 

(major) and tR = 10.5 min (minor). [α]
25 

D  = 257.3 (c = 0.225, DCM). 

 

According to general procedure, 4g was obtained in 92% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 4:1). 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 2.7 Hz, 1H), 7.06 (dd, J = 8.6, 
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2.7 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 4.92 (dd, J = 2.5, 1.0 Hz, 1H), 4.56 (t, J = 2.4 Hz, 1H), 4.30 

(dd, J = 2.5, 1.1 Hz, 1H), 4.06 (s, 5H), 1.32 – 1.16 (m, 5H), 0.84 – 0.69 (m, 5H). 13C NMR (101 

MHz, CDCl3) δ 151.00, 127.57, 126.71, 125.44, 124.33, 120.78, 85.46, 72.06, 71.94, 69.94, 65.55, 

64.37, 7.72, 7.40, 6.25, 6.20. HPLC analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 

254 nm UV detector, 96% ee, tR = 14.7 min (major) and tR = 11.8 min (minor). [α]
25 

D  = -11.4 (c = 

0.47, DCM). 

 

According to general procedure, 4h was obtained in 89% yield and 95% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 2.3 Hz, 1H), 7.37 (dd, J = 8.6, 

2.3 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H), 5.01 (dd, J = 2.5, 1.0 Hz, 1H), 4.60 (t, J = 2.4 Hz, 1H), 4.34 

(dd, J = 2.4, 1.0 Hz, 1H), 4.07 (s, 5H), 1.33 – 1.21 (m, 5H), 0.86 – 0.72 (m, 5H). 13C NMR (101 

MHz, CDCl3) δ 154.98, 126.49, 124.58 (q, J = 272.7 Hz), 123.97 (q, J = 4.1 Hz), 122.97 (q, J = 

32.7 Hz), 121.91 (q, J = 3.4 Hz), 119.86, 85.21, 72.14 (d, J = 4.3 Hz), 69.97, 65.66, 64.23, 7.77, 

7.46, 6.21, 6.15. HPLC analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV 

detector, 95% ee, tR = 10.9 min (major) and tR = 9.3 min (minor). [α]
25 

D  = 221.2 (c = 0.64, DCM). 

 

According to general procedure, 4i was obtained in 93% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CDCl3) δ 6.93 (d, J = 3.1 Hz, 1H), 6.84 (d, J 

= 8.7 Hz, 1H), 6.66 (dd, J = 8.8, 2.9 Hz, 1H), 4.93 (s, 1H), 4.55 (s, 1H), 4.31 (s, 1H), 4.06 (s, 5H), 

3.81 (s, 3H), 1.29 – 1.13 (m, 5H), 0.84 – 0.67 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 153.46, 

146.54, 126.30, 119.77, 111.95, 110.33, 86.69, 71.86, 71.58, 69.86, 65.44, 64.69, 55.64, 7.63, 7.34, 
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6.31, 6.28. HPLC analysis (IC-3): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV 

detector, 96% ee, tR = 11.6 min (major) and tR = 12.8 min (minor). [α]
25 

D  = 67.7 (c = 0.55, DCM). 

 

According to general procedure, 4j was obtained in 88% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.34 (dd, J = 8.6, 6.7 Hz, 1H), 6.69 – 6.59 

(m, 2H), 4.90 (dd, J = 2.4, 1.1 Hz, 1H), 4.52 (t, J = 2.4 Hz, 1H), 4.27 (dd, J = 2.4, 1.0 Hz, 1H), 4.04 

(s, 5H), 1.31 – 1.16 (m, 5H), 0.85 – 0.72 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 161.94 (d, J = 

243.9 Hz), 153.48 (d, J = 12.2 Hz), 125.41 (d, J = 9.8 Hz), 121.68 (d, J = 3.1 Hz), 107.75 (d, J = 

21.3 Hz), 106.93 (d, J = 23.3 Hz), 86.43, 71.54, 71.46, 69.82, 65.23, 63.46, 7.72, 7.42, 6.23, 6.18. 

HPLC analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 96% ee, 

tR = 14.0 min (major) and tR = 12.9 min (minor). [α]
25 

D  = 231.4 (c = 0.38, DCM). 

 

According to general procedure, 4k was obtained in 90% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.35 (s, 1H), 7.05 (d, J = 8.5 Hz, 1H), 6.85 

(d, J = 8.6 Hz, 1H), 4.92 (s, 1H), 4.56 (s, 1H), 4.31 (s, 1H), 4.06 (s, 5H), 1.29 – 1.12 (m, 5H), 0.83 

– 0.65 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 151.00, 127.56, 126.72, 125.42, 124.33, 120.76, 

85.57, 72.12, 72.01, 70.01, 65.57, 64.40, 7.69, 7.38, 6.25, 6.20. HPLC analysis (IA-3): 

Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 96% ee, tR = 12.4 min (major) 

and tR = 10.6 min (minor). [α]
25 

D  = -10.6 (c = 0.63, DCM). 
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According to general procedure, 4l was obtained in 81% yield and 92% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.47 (dd, J = 8.1, 1.0 Hz, 1H), 7.17 (s, 1H), 

7.12 – 7.10 (m, 1H), 4.98 (dd, J = 2.5, 1.1 Hz, 1H), 4.59 (t, J = 2.4 Hz, 1H), 4.33 (dd, J = 2.4, 1.0 

Hz, 1H), 4.04 (s, 5H), 1.32 – 1.16 (m, 5H), 0.84 – 0.71 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 

152.26, 129.86, 128.77 (q, J = 33.7 Hz), 125.04, 124.22 (q, J = 272.7 Hz), 122.87, 117.32 (q, J = 

3.8 Hz), 116.61 (q, J = 3.9 Hz), 84.85, 72.33 (d, J = 9.8 Hz), 70.02, 65.94, 64.75, 7.76, 7.47, 6.22, 

6.17. HPLC analysis (IC-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 92% 

ee, tR = 9.5 min (major) and tR = 10.3 min (minor). [α]
25 

D  = 292.2 (c = 0.64, DCM). 

 

According to general procedure, 4m was obtained in 90% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 (Hexane/ 

Ethyl acetate = 20:1). 1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 8.5 Hz, 1H), 6.53 (d, J = 2.5 Hz, 

1H), 6.49 (dd, J = 8.5, 2.6 Hz, 1H), 4.93 (s, 1H), 4.53 (s, 1H), 4.30 (s, 1H), 4.07 (s, 5H), 3.81 (s, 

3H), 1.31 – 1.13 (m, 5H), 0.91 – 0.69 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 159.21, 153.49, 

125.44, 117.90, 107.26, 104.63, 88.09, 71.30, 71.27, 69.89, 64.81, 63.01, 55.16, 7.61, 7.39, 6.27, 

6.24. HPLC analysis (IC-3): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 97% 

ee, tR = 11.5 min (major) and tR = 15 min (minor). [α]
25 

D  = 255.8 (c = 0.44, DCM). 

 

According to general procedure, 4n was obtained in 86% yield and 96% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.5 Hz, 1H), 6.81 (s, 1H), 6.75 

(d, J = 7.6 Hz, 1H), 4.93 (dd, J = 2.4, 1.1 Hz, 1H), 4.55 (t, J = 2.4 Hz, 1H), 4.29 (dd, J = 2.4, 1.1 

Hz, 1H), 4.05 (s, 5H), 1.32 – 1.14 (m, 5H), 0.89 – 0.68 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 

153.09, 147.95, 125.28, 124.60, 120.46 (q, J = 256.6 Hz), 113.06, 112.30, 85.64, 71.86, 71.78, 69.90, 
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65.50, 63.89, 7.74, 7.46, 6.22, 6.17. HPLC analysis (IA-3): Hexane/Isopropanol = 99.5:0.5, 0.5 

mL/min, 254 nm UV detector, 96% ee, tR = 11.5 min (major) and tR = 10.5 min (minor). [α]
25 

D  = 

307.8 (c = 0.26, DCM). 

 

According to general procedure, 4o was obtained in 90% yield and 92% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.5 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.26 – 7.18 (m, 1H), 6.98 (d, J = 7.2 Hz, 1H), 

6.78 (t, J = 7.4 Hz, 1H), 5.01 (s, 1H), 4.58 (s, 1H), 4.36 (s, 1H), 4.09 (s, 5H), 2.27 (s, 3H), 1.29 – 

1.08 (m, 5H), 0.90 – 0.69 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 150.69, 128.54, 127.85, 124.82, 

122.76, 119.93, 88.28, 71.90, 71.89, 70.22, 65.73, 64.67, 16.58, 7.60, 7.32, 6.31, 6.27. HRMS (ESI) 

calcd for C21H24FeOSi [M]+ 376.0945, found 376.0942. HPLC analysis (IC-3): 

Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 92% ee, tR = 7.7 min (major) and 

tR = 8.2 min (minor). [α]
25 

D  = 348.9 (c = 0.45, DCM). 

 

According to general procedure, 4p was obtained in 85% yield and 96% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM=5:1). 1H NMR (400 MHz, CDCl3) δ 7.14 (d, J = 7.8 Hz, 1H), 6.93 – 6.88 (m, 1H), 

6.80 – 6.75 (m, 1H), 4.97 (s, 1H), 4.58 (s, 1H), 4.35 (s, 1H), 4.07 (s, 5H), 1.31 – 1.14 (m, 5H), 0.87 

– 0.71 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 153.59 (d, J = 243.1 Hz), 140.58 (d, J = 12.3 Hz), 

128.32 (d, J = 2.0 Hz), 120.09 (d, J = 7.7 Hz), 119.89 (d, J = 3.2 Hz), 113.71 (d, J = 19.1 Hz), 

85.83 (d, J = 3.2 Hz), 72.10, 71.84, 69.98, 65.87, 64.39, 7.80, 7.51, 6.27, 6.20. HRMS (ESI) calcd 

for C20H21FFeOSi [M]+ 380.0695, found 380.0693 HPLC analysis (OD-3): Hexane/Isopropanol 

= 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 96% ee, tR = 11.8 min (major) and tR = 11.1 min 
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(minor). [α]
25 

D  = 282.8 (c = 0.78, DCM). 

 

According to general procedure, 4q was obtained in 94% yield and 90% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.30 (dd, J = 7.8, 1.6 Hz, 1H), 7.20 (dd, J = 

7.9, 1.5 Hz, 1H), 6.79 (t, J = 7.8 Hz, 1H), 4.95 (s, 1H), 4.56 (t, J = 2.0 Hz, 1H), 4.32 (s, 1H), 4.06 

(s, 5H), 1.33 – 1.17 (m, 5H), 0.87 – 0.68 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 148.13, 127.52, 

124.44, 123.27, 120.74, 86.10, 71.96, 71.93, 69.93, 65.77, 64.53, 7.71, 7.32, 6.18, 6.16. HRMS 

(ESI) calcd for C20H21ClFeOSi [M]+ 396.0400, found 396.0398. HPLC analysis (OD-3): 

Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 90% ee, tR = 12.5 min (major) 

and tR = 11.3 min (minor). [α]
25 

D  = 416.6 (c = 0.57, DCM). 

 

According to general procedure, 4r was obtained in 98% yield and 96% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/Ethyl acetate = 20:1). 1H NMR (400 MHz, CDCl3) δ 7.03 (dd, J = 7.7, 1.7 Hz, 1H), 6.84 

– 6.75 (m, 2H), 4.94 (s, 1H), 4.53 (s, 1H), 4.31 (s, 1H), 4.06 (s, 5H), 3.89 (s, 3H), 1.35 – 1.17 (m, 

5H), 0.88 – 0.67 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 150.17, 141.95, 126.34, 120.13, 117.35, 

110.26, 86.80, 71.76, 71.45, 69.78, 65.72, 64.45, 56.22, 7.64, 7.42, 6.32, 6.27. HRMS (ESI) calcd 

for C21H25FeO2Si [M]+ 393.0968, found 393.0962. HPLC analysis (IA-3): Hexane/Isopropanol 

= 90:10, 0.5 mL/min, 254 nm UV detector, 96% ee, tR = 7.7 min (major) and tR = 8.0 min (minor). 

[α]
25 

D  = 431.1 (c = 0.34, DCM). 
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According to general procedure, 4s was obtained in 89% yield and 98% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.02 (t, J = 7.7 Hz, 1H), 6.85 (d, J = 8.0 Hz, 

1H), 6.78 (d, J = 7.4 Hz, 1H), 5.13 (s, 1H), 4.58 (s, 1H), 4.32 (s, 1H), 4.08 (s, 5H), 2.61 (s, 3H), 

1.31 – 1.08 (m, 5H), 0.86 – 0.67 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 153.63, 135.70, 126.33, 

125.27, 124.32, 118.12, 86.86, 71.62, 71.38, 70.19, 69.93, 66.77, 24.00, 6.90, 6.85, 6.40, 6.36. 

HRMS (ESI) calcd for C21H24FeOSi [M]+ 376.0945, found 376.0940. HPLC analysis (IA-3): 

Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 98% ee, tR = 8.0 min (major) and 

tR = 8.6 min (minor). [α]
25 

D  = 154.5 (c = 0.326, DCM). 

 

According to general procedure, 4t was obtained in 84% yield and 96% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.01 (q, J = 8.1 Hz, 1H), 6.73 (d, J = 8.1 Hz, 

1H), 6.68 – 6.63 (m, 1H), 5.32 (s, 1H), 4.59 (s, 1H), 4.32 (s, 1H), 4.09 (s, 5H), 1.28 – 1.12 (m, 5H), 

0.86 – 0.71 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 160.39 (d, J = 246.6 Hz), 153.96 (d, J = 7.4 

Hz), 126.29 (d, J = 11.4 Hz), 115.45 (d, J = 3.0 Hz), 114.99 (d, J = 15.0 Hz), 108.07 (d, J = 23.6 

Hz), 81.52 (d, J = 1.7 Hz), 72.20 (d, J = 3.1 Hz), 71.25 (d, J = 1.3 Hz), 70.22, 70.06, 69.86, 7.54, 

7.50, 6.30, 6.20. HRMS (ESI) calcd for C20H21FFeOSi [M]+ 380.0690, found 380.0688. HPLC 

analysis (OD-3): Hexane/Isopropanol = 99.5:0.5, 0.5 mL/min, 254 nm UV detector, 96% ee, tR = 

11.8 min (major) and tR = 11.1 min (minor). [α]
25 

D  = 287.9 (c = 0.616, DCM). 
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According to general procedure, 4u was obtained in 92% yield and 98% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.04 –7.00 (m, 2H), 6.92 – 6.88 (m, 1H), 

5.79 (dd, J = 2.5, 1.0 Hz, 1H), 4.59 (t, J = 2.5 Hz, 1H), 4.32 (dd, J = 2.4, 1.0 Hz, 1H), 4.09 (s, 5H), 

1.31 – 1.15 (m, 5H), 0.88 – 0.70 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 154.40, 131.41, 126.60, 

125.24, 123.90, 118.89, 83.97, 71.97, 71.59, 71.05, 69.98, 66.31, 7.08, 6.91, 6.33, 6.27. HRMS 

(ESI) calcd for C20H21ClFeOSi [M]+ 396.0400, found 396.0399. HPLC analysis (OD-3): 

Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm UV detector, 98% ee, tR = 10.1 min (major) 

and tR = 11 min (minor). [α]
25 

D  = 14.7 (c = 0.29, DCM). 

 

According to general procedure, 4v was obtained in 93% yield and 98% ee as dark orange oil 

under the optimized condition by use of L6 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.09 (t, J = 8.1 Hz, 1H), 6.92 – 6.87 (m, 2H), 

5.34 (s, 1H), 4.59 (t, J = 2.3 Hz, 1H), 4.31 (s, 1H), 4.07 (s, 5H), 1.38 – 1.09 (m, 5H), 0.84 – 0.65 

(m, 5H). 13C NMR (101 MHz, CDCl3) δ 154.28, 146.38 (q, J = 1.4 Hz), 126.26, 120.73 (d, J = 

258.2 Hz), 120.47, 118.51, 113.35 (q, J = 1.6 Hz), 81.62, 72.50, 71.56, 70.19, 69.94, 65.47, 7.48, 

7.16, 6.29, 6.17. HRMS (ESI) calcd for C21H21F3FeO2Si [M]+ 446.0612, found 446.0610. HPLC 

analysis (OD-3): Hexane/Isopropanol = 100:0, 0.5 mL/min, 254 nm UV detector, 98% ee, tR = 9.9 

min (major) and tR = 10.7 min (minor). [α]
25 

D  = 201.5 (c = 0.423, DCM). 
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According to general procedure, 4w was obtained in 80% yield and 91% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.15 (dd, J = 11.4, 9.0 Hz, 1H), 6.73 (dd, J = 

11.7, 7.2 Hz, 1H), 4.83 (dd, J = 2.5, 1.0 Hz, 1H), 4.53 (t, J = 2.4 Hz, 1H), 4.28 (dd, J = 2.4, 1.0 Hz, 

1H), 4.05 (s, 5H), 1.30 – 1.14 (m, 5H), 0.84 – 0.68 (m, 5H). 13C NMR (101 MHz, CDCl3) δ148.57 

(dd, J = 247.5, 14.0 Hz), 148.36 (d, J = 9.8 Hz), 144.99 (dd, J = 239.0, 13.0 Hz), 122.02 (dd, J = 

5.5, 1.6 Hz), 112.16 (d, J = 19.2 Hz), 108.49 (d, J = 19.1 Hz), 85.42, 71.92, 71.76, 69.93, 65.48, 

63.84, 7.69, 7.38, 6.19, 6.15. HPLC analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 

254 nm UV detector, 91% ee, tR = 14.7 min (major) and tR = 14.3 min (minor). [α]
25 

D  = 237.2 (c = 

0.135, DCM). 

 

According to general procedure, 4x was obtained in 91% yield and 94% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.3 

(Hexane/Ethyl acetate = 10:1). 1H NMR (400 MHz, CDCl3) δ 6.87 (s, 1H), 6.54 (s, 1H), 4.85 (s, 

1H), 4.49 (s, 1H), 4.24 (s, 1H), 4.04 (s, 5H), 3.90 (s, 3H), 3.87 (s, 3H), 1.30 – 1.12 (m, 5H), 0.65 – 

0.66 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 148.43, 146.79, 143.16, 116.29, 108.34, 103.89, 

87.76, 71.33, 71.04, 69.74, 64.76, 63.33, 56.69, 55.75, 7.60, 7.39, 6.27, 6.24. HPLC analysis (IA-

3): Hexane/Isopropanol = 98:2, 0.5 mL/min, 254 nm UV detector, 94% ee, tR = 13.7 min (major) 

and tR = 11.3 min (minor). [α]
25 

D  = 203.4 (c = 0.59, DCM). 

 

According to general procedure, 4y was obtained in 90% yield and 97% ee as dark orange oil 

under the optimized condition by use of L2 as the chiral ligand at 60 °C for 24 h. Rf = 0.4 

(Hexane/DCM = 5:1). 1H NMR (400 MHz, CDCl3) δ 7.37 (dd, J = 7.7, 1.7 Hz, 1H), 7.08 – 7.05 

(m, 1H), 6.90 – 6.83 (m, 2H), 5.34 (dd, J = 2.3, 0.9 Hz, 1H), 4.85 (t, J = 2.3 Hz, 1H), 4.64 (dd, J = 

2.3, 0.9 Hz, 1H), 4.48 (s, 5H), 1.21 – 1.09 (m, 4H), 0.97 – 0.81 (m, 6H). 13C NMR (101 MHz, 



45 
 

CDCl3) δ 152.14, 127.02, 124.71, 124.63, 120.54, 119.41, 89.80, 73.36, 72.81, 71.73, 68.16, 67.58, 

8.84, 7.59, 6.38, 6.15. HPLC analysis (IA-3): Hexane/Isopropanol = 99.9:0.1, 0.5 mL/min, 254 nm 

UV detector, 97% ee, tR = 11.2 min (major) and tR = 13.2 min (minor). [α]
25 

D  = 213.9 (c = 0.75, 

DCM). 
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4. Applications of Product 4a 

4.1 Ligand synthesis9 

 

A flame-dried Schlenk tube containing a stir bar was charged with 4a (1.86 g, 5 mmol, 1 equiv). 

The tube was then evacuated and backfilled with N2 for three times, followed by addition of 25 mL 

of THF. The solution was cooled to -78 °C and PhLi (10 mL, 1 mol/L in Et2O, 2 equiv) was added 

dropwise. The reaction mixture was stirred for 30 min at -78 °C and then allowed to warm to room 

temperature for additional 30 min. After completion of the reaction, the reaction mixture was 

quenched with NH4Cl solution (3 mL), extracted with Et2O (30mL× 3), washed with brine (30 mL), 

dried over Na2SO4, filtered and concentrated in vacuum. The crude residue was purified by flash 

column chromatography on silica gel (Hexane/DCM, 90/10), affording the product 4a-S1.  

To a solution of ferrocenyl-phenol 4a-S1 (10 mmol, 1 equiv) and pyridine (3.3 mL, 20 mmol, 

2 equiv) in DCM (25 mL), Tf2O (1.2 mL, 15 mmol, 1.5 equiv) was added dropwise at 0 °C and the 

mixture was stirred at room temperature overnight. After the reaction was finished, the reaction 

mixture was diluted with DCM (100 mL) and washed with 1N HCl solution (30 mL × 3). The 

organic layer was separated, washed with brine (50 mL), dried over Na2SO4, filtered and 

concentrated under reduced pressure. The crude residue was purified by flash column 

chromatography on silica gel to deliver the product 4a-S2.  

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with Pd(OAc)2 

(112.5 mg, 0.5 mmol, 0.1 equiv), dppb (213.3 mg, 0.5 mmol, 0.1 equiv), HP(O)Ph2 (2.02 g, 10 mmol, 

equiv) and ArOTf (5 mmol, 1 equiv). The tube was evacuated and backfilled with N2 for three times, 

followed by addition of the DIPEA (3.3 mL, 20 mmol, 4 equiv) and DMSO (25 mL). The reaction 

mixture was heated to 100 °C with continuously stirring for 18 h. After the reaction was finished, 
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the reaction mixture was cooled to room temperature, diluted with EtOAc (50 mL) and washed with 

1N HCl solution (15 mL × 3) and brine (30 mL × 3). The combined organic layers were dried over 

Na2SO4, filtered and concentrated under reduced pressure. The crude residue was purified by flash 

column chromatography on silica gel to yield the product 4a-S3.  

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with ArP(O)Ph2 4a-

S3 (5 mmol, 1 equiv). The tube was evacuated and backfilled with N2 for three times, followed by 

addition of DIPEA (8.3 mL, 50 mmol, 10 equiv) and toluene (25 mL). The reaction mixture was 

cooled to 0 °C and HSiCl3 (2.6 mL, 25 mmol, 5 equiv) was added dropwise to the stirred solution. 

After addition, the reaction mixture was heated to 90 °C with continuously stirring for 24 h. After 

the reaction was finished, an aqueous solution of NaOH was added dropwise to the stirred solution 

at 0 °C. Then, the reaction mixture was extracted with Et2O (30 mL× 3), washed with brine, dried 

over Na2SO4, filtered and concentrated in vacuum. The crude residue was purified by flash column 

chromatography on silica gel (Hexane/DCM, 90/10), affording the phosphine ligand FcL1. FcL1 

was obtained in 56 % yield over 4steps as orange solid. Rf = 0.4 (Hexane/DCM = 4:1). 1H NMR 

(400 MHz, CDCl3) δ7.74 – 7.71 (m, 1H), 7.45 – 7.36 (m, 2H), 7.29 – 7.21 (m, 6H), 7.18 – 7.06 (m, 

7H), 6.92 – 6.88 (m, 2H), 6.83 – 6.80 (m, 1H), 4.20 (t, J = 2.4 Hz, 1H), 4.09 (s, 1H), 3.93 (s, 5H), 

3.83 (t, J = 1.9 Hz, 1H), 1.03 – 0.61 (m, 10H). 13C NMR (101 MHz, CDCl3) δ 138.85 (d, J = 13.9 

Hz), 138.25 (d, J = 12.4 Hz), 137.91 (d, J = 13.7 Hz), 137.22, 134.83, 134.04, 133.99, 133.94, 

133.74, 133.68, 133.49, 133.42, 128.66, 128.36, 128.30, 128.17, 128.11, 127.95, 127.73, 127.42, 

126.92, 96.32, 96.22, 74.94, 74.70, 74.61, 71.57, 69.26, 7.77, 7.66, 4.53, 4.46. (The complicate C-

P splittings were observed from 134.04 ppm to 126.92 ppm). 31P NMR (162 MHz, CDCl3) δ -15.64. 

HRMS (ESI) calcd for C38H37FePSi [M]+ 608.1746, found 608.1750. [α]
25 

D  = 42.0 (c = 0.12, 

CHCl3). 
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A flame-dried Schlenk tube containing a stirbar was charged with Pd(OAc)2 (112.5 mg, 0.5 

mmol, 0.1equiv), PtBu3 (202 mg, 1 mmol, 0.2 equiv), NaOH (0.6 g, 15 mmol, 3 equiv) and 4a (1.86 

g, 5 mmol, 1 equiv) in glovebox, followed by addition of PhI (3.06 g, 15 mmol, 3 equiv) and THF 

(25 mL). The reaction tube was capped, removed from the glove box and the reaction mixture was 

stirred at 100 °C for 24 h. Then, the reaction mixture was cooled to room temperature and then 

quenched with 1N HCl solution (30 mL), extracted with Et2O (30 mL× 3), washed with brine (30 

mL), dried over Na2SO4, filtered and concentrated in vacuum. The crude residue was purified by 

flash column chromatography on silica gel (Hexane/DCM, 90/10) to deliver the ferrocenyl-phenol 

4a-S1ʹ.  

As described in the synthesis of FcL1, the ferrocenyl-phenol 4a-S1ʹ was transformed to the 

phosphine ligand FcL2 by 3-steps. Notably, to ensure the ee value of the FcL2, 4a-S3ʹ underwent 

recrystallization (in CH3OH) before reduction. FcL2 was obtained in 38% yield over 4 steps as 

orange solid. Rf = 0.4 (Hexane/DCM = 3:1). 1H NMR (400 MHz, CDCl3) δ 7.94 – 7.91 (m, 1H), 

7.28– 7.18 (m, 4H), 7.14 – 7.01 (m, 11H), 6.95 – 6.74 (m, 3H), 4.51 (t, J = 1.5 Hz, 1H), 4.20 (d, J 

= 2.4 Hz, 1H), 4.17 (s, 1H), 4.09 (s, 5H). 13C NMR (101 MHz, CDCl3) δ 143.09, 142.80, 138.58, 

138.52, 138.38, 137.80, 137.77, 137.67, 137.63, 133.72, 133.65, 133.63, 133.55, 133.50, 133.46, 

133.43, 128.95, 128.22, 128.15, 128.13, 128.05, 127.99, 127.50, 126.97, 125.63, 89.23 (d, J = 9.9 

Hz), 87.89 (d, J = 2.3 Hz), 72.71 (d, J = 8.0 Hz), 70.46, 68.66, 66.54. (The complicate C-P splittings 

were observed from 143.09 ppm to 89.23 ppm). 31P NMR (162 MHz, CDCl3) δ -13.58. HRMS 

(ESI) calcd for C34H27FeP [M]+ 522.1194, found 522.1186. [α]
25 

D  = 159.0 (c = 0.18, CHCl3). 
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4.2 Applications of chiral ligands FcL1 and FcL2 

 

Following the literature’s procedure,10 a flame-dried Schlenk tube containing a stirbar was 

charged with allylpalladium chloride dimer (1.5 mg, 0.00625 mmol, 0.125 mol %), the chiral ligand 

FcL1 or FcL2 (0.025 mmol, 0.5 mol %) and styrene (520 mg, 5 mmol, 1 equiv) in glovebox. The 

resulting mixture was stirred in the glovebox at room temperature for 1 hour, followed by the 

dropwise addition of the trichlorosilane (1.6 mL, 10 mmol, 2 equiv) at 0 °C. After addition, the 

reaction mixture was allowed to warm to room temperature and the tube was capped, removed from 

the glove box. The reaction mixture was stirred at room temperature (17 °C) for 24 h and then was 

subjected to bulb-to-bulb distillation, giving 1-(trichlorosilyl)-1-phenylethane 6 as colorless oil. To 

determine the ee value of product 6, the Fleming-Tamao oxidation was carried out: To a mixture of 

the hydrosilylation product 6 (177 mg, 0.741 mmol, 1 equiv), KF (258 mg, 4.446 mmol, 6 equiv), 

KHCO3 (445 mg, 4.446 mmol, 6 equiv) in THF (15 mL) and MeOH (15 mL) was added H2O2 (0.89 

mL, 30%) at room temperature. The mixture was stirred at room temperature for 17 h. To the mixture 

was added sat. Na2S2O3 aq. Organic materials were extracted with ether, washed with water and 

brine, and dried over Na2SO4. After evaporation of the solvent, the residue was subjected to bulb-

to-bulb distillation, giving enantioenriched 1-arylethanol. The enantiomeric excesses of the alcohol 

was determined by HPLC on a chiral stationary phase. The absolute configurations were assigned 

on the basis of the optical rotation.  

Rf = 0.4 (Hexane/ Ethyl acetate = 9:1).1H NMR (400 MHz, CDCl3) δ 7.42 – 7.32 

(m, 4H), 7.30 – 7.24 (m, 1H), 4.90 (q, J = 6.4 Hz, 1H), 1.50 (d, J = 6.4 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 145.78, 128.49, 127.46, 125.36, 70.41, 25.13. HPLC 

analysis (OD-3): Hexane/Isopropanol = 90:10, 1 mL/min, 254 nm UV detector, 34% ee obtained 

by employment of FcL1 as the ligand and 66% ee obtained by use of FcL2 as the ligand, tR = 5.7 

min (major) and tR = 6.4 min (minor). [α]
25 

D  = 22.6 (c = 0.34, DCM, 66% ee). 
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Following a modified literature’s procedure,11 a flame-dried Schlenk tube containing a stirbar 

was charged with [Ir(coe)2Cl]2 (3.8 mg, 0.004 mmol, 2 mol%), the chiral ligand FcL1 or FcL2 (0.01 

mmol, 5 mol%) and THF (0.6 mL) in glovebox. After 1 h stirring at room temperature, 

oxabenzonorbornadiene (28.8 mg, 0.2 mmol, 1 equiv), 1-phenylpiperazine (97.3 mg, 0.6 mmol, 3 

equiv), NaI (6 mg, 0.04 mmol, 0.2 equiv) and THF (0.6 mL) was added to the Schlenk tube and the 

reaction mixture was allowed to stirred at reflux for 18 h. After the reaction was finished, the crude 

residue was purified by flash column chromatography on silica gel to afford the product 7 in 45% 

yield for FcL1 and in 57% yield for FcL2 as white solid. Rf = 0.3 (Hexane/ Ethyl acetate = 7:3). 1H 

NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.2 Hz, 1H), 7.30 – 7.22 (m, 5H), 7.09 (d, J = 7.1 Hz, 1H), 

6.95 (d, J = 8.2 Hz, 2H), 6.88 (t, J = 7.3 Hz, 1H), 6.56 (dd, J = 9.9, 2.6 Hz, 1H), 6.14 (dd, J = 10.0, 

2.5 Hz, 1H), 4.93 (d, J = 11.7 Hz, 1H), 3.53 (dt, J = 11.8, 2.7 Hz, 1H), 3.33 – 3.19 (m, 4H), 3.02 –

2.97 (m, 2H), 2.76 – 2.70 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 151.16, 136.89, 131.66, 129.63, 

129.14, 127.97, 127.51, 126.26, 124.84, 124.57, 123.96, 120.03, 116.29, 67.66, 67.60, 49.71, 48.97. 

HPLC analysis (OD-3): Hexane/Isopropanol = 90:10, 1 mL/min, 254 nm UV detector, 67% ee for 

FcL1 and 70% ee for FcL2, tR = 11.6 min (major) and tR = 13.5 min (minor). [α]
25 

D  = -49.5 (c = 0.13, 

CHCl3, 70% ee). 
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6. NMR Spectra 
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