
 

S1 
 

Supporting Information 

 

Reductive Desymmetric Silylation of Biaryl Bis(triflates) 

Enabled by a Chiral Nickel/Picolinamide Complex 

 

Zhe Chen, Junjie Zhang, and Chuan Wang* 

 

Department of Chemistry, University of Science and Technology of China, Hefei, 

Anhui 230026, P. R. China 

E-mail: chuanw@ustc.edu.cn 

 

Table of Contents 

 

 

General information ........................................................................................................................................... S2 

Synthesis of Starting Materials ....................................................................................................................... S3 

Synthesis of Chiral Picolinamide Ligands ................................................................................................. S20 

General Procedure C for Nickel-Catalyzed Reductive Desymme-tric Silylation ............................. S23 

Procedure for Synthesis of Compound 3ba on a 1.0 mmol Scale ........................................................ S46 

Derivatizations of the Silylation Products .................................................................................................. S47 

Preliminary Mechanistic Studies .................................................................................................................. S53 

Crystal Data and Structural Refinement ..................................................................................................... S57 

References .......................................................................................................................................................... S60 
1H-,13C-, 19F, and 31P-NMR Spectra ............................................................................................................. S61 

HPLC Chromatograms ................................................................................................................................ S289 

 

 

  

Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2026

mailto:chuanw0709@ustc.edu.cn


 

S2 
 

General information 

1H, 13C, 19F  and 31P spectra were recorded in a CDCl3 or Acetone-d6 solution on 

Bruker Aescend 400 MHz or 500 MHz instruments. 19F NMR were reported as 19F exp. 

comp. pulse decoupling (19F CPD) pulse decoupling (19F CPD). The chemical shifts are 

given in ppm relative to the resonance of the solvent [1H: δ (CDCl3) = 7.26, 13C: δ 

(CDCl3) = 77.16 ppm], [1H: δ (Acetone-d6) = 2.05, 13C: δ (Acetone-d6) = 206.26 ppm] 

or relative to tetramethylsilane [1H: δ (SiMe4) = 0.00 ppm] as an internal standard. 

Multiplicities are given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublet of 

doublets); ddd (doublet of doublet of doublets); m (multiplets), etc. Coupling constants 

are reported as J values in Hz. High resolution mass spectral analysis (HRMS) was 

performed on Waters XEVO G2 Q-TOF. HPLC analysis was performed on Thermo 

UltiMate 3000. Enantiomer excesses were determined by HPLC analysis employing 

Daicel chiral column (chiralpak AD-H, chiralpak IA, chiralpak IB, chiralcel OD-H) or 

Guangzhou FLM Scientific Instrument chiral column (chiral MD) with n-hexane/i-

PrOH as the eluents. Flash chromatography was performed using 300-400 mesh silica 

gel with the indicated solvent system. All air- or moisture-sensitive reactions were 

protected with nitrogen atmosphere. All reactions were monitored through thin layer 

chromatography [Merck 60 F254 precoated silica gel plate (0.2 mm thickness)]. 

Subsequent to elution, spots were visualized using UV radiation (254 nm) on 

Spectroline Model ZF-7 254 nm. Other visualization methods include staining with a 

basic solution of potassium permanganate or acidic solution of ceric ammonium 

molybdate, followed by heating. 

Unless otherwise noted, all reagents and starting materials were purchased from 

commercial vendors and used as received without further purification.  
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Synthesis of Starting Materials 

 

The biaryl bis(triflates) 1a and 1ag are known compounds in the literature[1], and their 

NMR data are consistent to the reported ones. The biaryl bis(triflates) 1b‒1af were 

prepared according to the following procedures. In the cases of the biaryl bis(triflates) 
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1v−1y, the corresponding aryl bromides S3 are commercially available, and therefore, 

Step 1 was omitted.  

General Procedure A for Preparation of Biaryl Bis(triflates) 1b‒1y and 

1aa‒1af 

 

Step 1[2]：A mixture of K2CO3 (1.38 g, 10 mmol, 2.0 equiv), the aryl iodides S1 (5 

mmol, 1.0 equiv), the aryl boronic acids S2 (6 mmol, 1.2 equiv), and PdCl2(PPh3)2 (52.6 

mg, 0.15 mmol, 3 mol%) in water (8 mL) and DME (33 mL) was stirred at 80 °C for 

12 h under nitrogen atmosphere. After cooling to room temperature, the reaction 

mixture was diluted with water (15 mL). The organic phase was separated, and the 

aqueous phase was extracted three times with ethyl acetate. The combined organic 

layers were dried over Na2SO4, filtered through a pad of Celite, and concentrated under 

reduced pressure. The crude S3 was used directly for the next step without further 

purification. 

Step 2：A mixture of the crude S3, 2,6-dimethoxyphenylboronic acid (1.37 g, 7.5 mmol, 

1.5 equiv), Pd(PPh3)4 (35 mg, 0.03 mmol, 5 mol%), and K2CO3 (3.76 g, 20 mmol, 4.0 

equiv) in 1,4-dioxane (35 mL) and water (7 mL) was refluxed for 12 h under nitrogen 

atmosphere. After cooling to room temperature, the reaction mixture was diluted with 

water (15 mL). The aqueous phase was extracted three times with ethyl acetate. The 

combined organic layers were dried over Na2SO4, filtered through a pad of Celite, and 

concentrated under reduced pressure. The crude S4 was used directly for the next step 

without further purification. 

Step 3：To a solution of the crude S4 in dichloromethane (50 mL) was added dropwise 

BBr3 (2.0 M in DCM, 7.5 mL, 15 mmol, 3.0 equiv) at 0 °C. The mixture was allowed 
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to slowly warm up to room temperature and stir for 8 h. Next, the mixture was slowly 

poured into ice water (20 mL) and was extracted three times with dichloromethane. The 

combined organic layers were dried over Na2SO4, filtered through a pad of celite, and 

concentrated under reduced pressure. The crude S5 was used directly for the next step 

without further purification. 

Step 4：To a solution of the crude S5 and pyridine (0.99 g, 12.5 mmol, 2.5 equiv) in 

dichloromethane (50 mL) was added trifluoromethanesulfonic anhydride (4.23 g, 15 

mmol, 3.0 equiv) at 0 °C. After stirring at room temperature for 4 h, the reaction was 

quenched with 3.0 M aqueous HCl solution. The aqueous phase was extracted three 

times with dichloromethane. and the combined organic layers were dried over Na2SO4. 

The combined organic layers were dried over Na2SO4, filtered through a pad of Celite, 

and concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (EtOAc/petroleum ether) to afford the corresponding 

biaryl bis(triflates) 1b‒1y and 1aa‒1af.  

4''-Methyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1b) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (2.21 g, 41 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.55 (t, J = 8.0 Hz, 1H), 7.50 – 7.43 (m, 3H), 

7.43 – 7.39 (m, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.05 – 6.99 (m, 4H), 2.30 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.7 (2C), 142.7, 137.5, 137.0, 131.8, 130.6, 

130.5, 130.2, 129.7, 128.9 (2C), 128.8 (2C), 127.1, 126.6, 121.7 (2C), 118.3 (q, J = 

320.0 Hz, 2C), 21.2 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.20 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H15F6O6S2
+ [M+H]+: 541.0209, found: 541.0226. 

4''-(tert-Butyl)-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1c) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 
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ether/ethyl acetate = 20:1) as a white solid (2.56 g, 44 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.54 (t, J = 7.1 Hz, 1H), 7.49 (d, J = 7.1 Hz, 

1H), 7.47 – 7.42 (m, 2H), 7.38 (d, J = 7.5 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.21 (d, J 

= 8.3 Hz, 2H), 7.03 (d, J = 8.2 Hz, 2H), 1.26 (s, 9H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 150.2, 147.7 (2C), 142.6, 137.3, 131.8, 130.6, 

130.5, 130.2, 129.7, 128.5 (2C), 127.0, 126.6, 125.0 (2C), 121.6 (2C), 118.3 (q, J = 

320.0 Hz, 2C), 34.6, 31.4 (3C) ppm.  

19F NMR (471 MHz, Chloroform-d) δ = −74.20 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C24H20F6NaO6S2
+ [M+Na]+: 605.0498, found: 

605.0491.  

4''-Cyclohexyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1d) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (3.08 g, 50 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.57 – 7.50 (m, 2H), 7.46 (td, J = 7.5, 1.6 Hz, 

1H), 7.43 (t, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.09 – 7.05 (m, 4H), 2.47 (t, J 

= 11.3 Hz, 1H), 1.89 – 1.81 (m, 4H), 1.78 – 1.72 (m, 1H), 1.43 – 1.35 (m, 4H), 1.32 – 

1.21 (m, 1H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.7 (2C), 147.2, 142.8, 137.8, 131.8, 130.6, 

130.5, 130.1, 129.7, 128.8 (2C), 127.0, 126.7, 126.5 (2C), 121.6 (2C), 118.3 (d, J = 

320.0 Hz, 2C), 44.2, 34.5 (2C), 27.0 (2C), 26.3 ppm.  

19F NMR (471 MHz, Chloroform-d) δ = −74.24 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C26H22F6NaO6S2
+ [M+Na]+: 631.0654, found: 

631.0642.  

3''-Methyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1e) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (2.01 g, 37 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.58 – 7.53 (m, 1H), 7.51 – 7.43 (m, 3H), 7.40 
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(d, J = 8.3 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.10 – 7.00 (m, 2H), 6.95 (s, 1H), 6.90 

(d, J = 7.5 Hz, 1H), 2.23 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.6 (2C), 142.8, 140.3, 137.7, 131.8, 130.5, 

130.4, 130.2, 129.9, 129.7, 128.0, 127.9, 127.2, 126.7, 125.9, 121.6 (2C), 118.3 (q, J = 

320.5 Hz, 2C), 21.3 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.23 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H15F6O6S2
+ [M+Na]+: 541.0209, found: 541.0216.  

3'',4''-Dimethyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1f) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (2.33 g, 42 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.54 (td, J = 7.8, 1.5 Hz, 1H), 7.50 – 7.43 (m, 

3H), 7.40 (d, J = 1.1 Hz, 1H), 7.30 (d, J = 8.2 Hz, 2H), 6.98 – 6.90 (m, 2H), 6.85 (d, J 

= 1.7 Hz, 1H), 2.20 (s, 3H), 2.14 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.7 (2C), 142.8, 137.9, 136.3, 135.6, 131.8, 

130.6, 130.5, 130.3, 130.1, 129.6, 129.3, 126.9, 126.6, 126.2, 121.6 (2C), 118.3 (q, J = 

320.3 Hz, 2C), 19.6, 19.5 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.26 (s, 6F) ppm 

HRMS (ESI) m/z calculated for C22H17F6O6S2
+ [M+H]+: 555.0365, found: 555.0377. 

[1,1':2',1'':4'',1'''-Quaterphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1g) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (2.05 g, 34 % yield over 4 steps).  

1H NMR (500 MHz, Chloroform-d) δ = 7.58 – 7.52 (m, 4H), 7.51 – 7.44 (m, 3H), 7.44 

– 7.38 (m, 4H), 7.32 (d, J = 7.4 Hz, 1H), 7.30 – 7.27 (m, 2H), 7.22 – 7.18 (m, 2H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.7 (2C), 142.3, 140.5, 139.9, 139.4, 132.0, 

130.6, 130.4, 130.3, 129.9, 129.4 (2C), 128.9 (2C), 127.5, 127.4, 127.1 (2C), 126.70 

(2C), 126.72, 121.8 (2C), 118.3 (q, J = 320.2 Hz, 2C) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.14 (s, 6F) ppm 
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HRMS (ESI) m/z calculated for C26H16F6NaO6S2
+ [M+Na]+: 625.0185, found: 

625.0199.  

4''-Methoxy-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1h) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a yellow solid (0.78 g, 14 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.54 (t, J = 7.5 Hz, 1H), 7.49 – 7.41 (m, 3H), 

7.39 (d, J = 7.1 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 6.74 (d, J 

= 8.7 Hz, 2H), 3.76 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 158.9, 147.7 (2C), 142.3, 132.9, 131.9, 130.5 

(2C), 130.2, 130.1 (2C), 129.7, 126.9, 126.6, 121.8 (2C), 117.0 (t, J = 320.3 Hz, 2C), 

113.6 (2C), 55.3 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.19 (s, 6F) ppm 

HRMS (ESI) m/z calculated for C21H14F6NaO7S2
+ [M+Na]+: 578.9977, found: 

578.9985.  

4''-Phenoxy-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1i) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a yellow solid (2.60 g, 42 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.47 – 7.42 (m, 1H), 7.40 – 7.35 (m, 3H), 7.27 

(d, J = 8.3 Hz, 2H), 7.20 – 7.16 (m, 3H), 7.15 – 7.12 (m, 2H), 7.12 – 7.02 (m, 5H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 157.0, 156.7, 147.7 (2C), 142.0, 135.4, 132.0, 

130.5, 130.4 (2C), 130.3, 129.9 (2C), 127.3 (2C), 126.7, 123.6 (2C), 121.8 (2C), 119.2 

(2C), 118.3 (2C), 118.3 (q, J = 320.3 Hz, 2C) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.17 (s, 6F) ppm 

HRMS (ESI) m/z calculated for C26H16F6NaO7S2
+ [M+Na]+: 641.0134, found: 

641.0129.  
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4''-(Trifluoromethoxy)-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfo-

nate) (1j) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (3.11 g, 51 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.58 (td, J = 7.5, 1.4 Hz, 1H), 7.54 – 7.45 (m, 

3H), 7.43 (dd, J = 7.6, 1.1 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.19 – 7.15 (m, 2H), 7.07 

(d, J = 8.1 Hz, 2H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 148.6 (2C), 147.6, 141.3, 139.1, 132.1, 130.5, 

130.4 (2C), 130.2, 130.0, 127.8, 126.7, 124.4, 121.9 (2C), 120.5 (2C), 120.1 (q, J = 

256.8), 118.3 (q, J = 320.1 Hz, 2C) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −57.90 (s, 3F), −74.19 (s, 6F) ppm 

HRMS (ESI) m/z calculated for C21H11F9NaO7S2
+ [M+Na]+: 632.9695, found: 

632.9707.  

3''-Methoxy-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1k) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a brown solid (1.28 g, 23 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.61 – 7.54 (m, 2H), 7.53 – 7.48 (m, 1H), 7.48 

– 7.41 (m, 2H), 7.32 (d, J = 8.5 Hz, 2H), 7.17 (t, J = 7.9 Hz, 1H), 6.83 – 6.79 (m, 2H), 

6.72 – 6.69 (m, 1H), 3.64 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 159.2, 147.6 (2C), 142.6, 141.8, 132.0, 130.5, 

130.4, 130.2, 129.8, 129.2, 127.4, 126.6, 121.8 (2C), 121.6, 118.1 (q, J = 320.0 Hz, 

2C), 114.0, 113.6, 55.1 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.30 (s, 6F) ppm 

HRMS (ESI) m/z calculated for C21H14F6NaO7S2
+ [M+Na]+: 578.9977, found: 

578.9974.  

 



 

S10 
 

4''-Fluoro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1l) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (1.68 g, 31 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.55 (dd, J = 7.5, 1.4 Hz, 1H), 7.52 – 7.44 (m, 

3H), 7.43 – 7.39 (m, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.13 – 7.06 (m, 2H), 6.94 – 6.87 

(m, 2H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 162.3 (d, J = 246.6 Hz), 147.6 (2C), 141.7, 

136.4, 132.0, 130.7, 130.6, 130.6, 130.3, 130.0, 127.5 (2C), 126.7, 121.8 (2C), 118.3 

(q, J = 320.2 Hz, 2C), 115.1 (d, J = 21.4 Hz, 2C). 

19F NMR (376 MHz, Chloroform-d) δ = −74.16 (s, 6F), -115.16 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C20H11F7NaO6S2
+ [M+Na]+: 566.9777, found: 

566.9754.  

3''-Fluoro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1m) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (2.40 g, 44 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.58 (td, J = 7.5, 1.5 Hz, 1H), 7.54 – 7.48 (m, 

2H), 7.48 – 7.43 (m, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.18 (td, J = 8.0, 6.1 Hz, 1H), 6.97 

– 6.86 (m, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 162.5 (d, J = 245.8 Hz), 147.6 (2C), 142.7, 

142.6, 141.4 (d, J = 2.2 Hz), 132.1, 130.4 (d, J = 11.7 Hz), 130.2, 130.0, 129.6 (d, J = 

8.2 Hz), 127.8, 126.7, 124.8 (d, J = 2.8 Hz), 121.8 (2C), 118.3 (q, J = 320.4 Hz, 2C), 

116.0 (d, J = 22.2 Hz), 114.3 (d, J = 21.1 Hz) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.19 (s, 6F), −113.40 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C20H11F7NaO6S2
+ [M+Na]+: 566.9777, found: 

566.9796.  
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4''-Chloro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1n) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (2.02 g, 36 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.59 – 7.54 (m, 1H), 7.52 – 7.45 (m, 3H), 7.41 

(d, J = 7.7 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.5 

Hz, 2H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.5 (2C), 141.4, 138.9, 133.5, 132.1, 130.5, 

130.4, 130.3 (2C), 130.1, 128.6, 128.4 (2C), 127.7, 126.6, 121.9 (2C), 118.3 (d, J = 

320.0 Hz, 2C) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.12 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C20H12
35ClF6O6S2

+ [M+H]+: 560.9663, found: 

566.9662.  

2''-Fluoro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1o) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (2.45 g, 4.5 mmol, 45 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.58 (t, J = 7.5 Hz, 1H), 7.55 – 7.46 (m, 3H), 

7.45 – 7.39 (m, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.24 –7.17 (m, 1H), 7.12 (t, J = 7.6 Hz, 

1H), 7.01 (t, J = 7.5 Hz, 1H), 6.97 – 6.88 (m, 1H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 159.5 (d, J = 247.3 Hz), 147.7 (2C), 136.6, 

131.7 (d, J = 2.8 Hz, 2C), 131.2, 129.9 (d, J = 4.9 Hz), 129.7 (d, J = 8.2 Hz), 129.5, 

128.04, 127.97, 127.7, 127.6, 123.8 (d, J = 3.7 Hz), 121.2 (2C), 118.3 (q, J = 320.4 Hz, 

2C), 115.6 (d, J=22.7 Hz) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.14 (s, 3F), −115.22 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C20H12F6NaO6S2
+ [M+H]+: 544.9958, found: 

544.9970.  
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2''-Methyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1p) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (1.24 g, 23 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.58 – 7.52 (m, 1H), 7.50 (td, J = 7.4, 1.5 Hz, 

1H), 7.46 (dd, J = 7.6, 1.5 Hz, 1H), 7.41 – 7.34 (m, 3H), 7.20 – 7.13 (m, 2H), 7.12 – 

7.05 (m, 1H), 6.93 (t, J = 7.4 Hz, 1H), 6.87 (dd, J = 7.6, 1.1 Hz, 1H), 2.18 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 149.7, 147.9 (2C), 141.8, 139.1, 136.2, 131.6, 

130.9, 130.4, 129.9, 129.5, 129.4, 127.5, 127.2, 125.0, 121.8, 121.0 (2C), 118.4 (q, J =  

320.2 Hz, 2C), 19.6 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.17 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H14F6NaO6S2
+ [M+Na]+: 563.0028, found: 

563.0027.  

2'',4''-Dimethyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) 

(1q) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (2.00 g, 36 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.53 (td, J = 7.3, 1.9 Hz, 1H), 7.48 (td, J = 

7.4, 1.5 Hz, 1H), 7.44 (dd, J = 7.6, 1.6 Hz, 1H), 7.41 – 7.33 (m, 3H), 7.21 – 7.16 (m, 

1H), 6.99 – 6.96 (m, 1H), 6.78 – 6.70 (m, 2H), 2.23 (s, 3H), 2.15 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.9, 147.7, 141.9, 137.1, 136.3, 135.9, 

131.6, 131.2 (2C), 130.2, 129.8, 129.5, 129.4, 127.7, 127.0, 125.8, 121.1, 121.0, 118.4 

(q, J = 320.3 Hz, 2C), 21.1, 19.6 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.15 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C22H17F6O6S2
+ [M+H]+: 555.0365, found: 555.0372. 
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2'-(Naphthalen-1-yl)-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1r) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (0.81 g, 1.4 mmol, 14 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.82 – 7.79 (m, 1H), 7.75 – 7.70 (m, 2H), 7.68 

– 7.61 (m, 2H), 7.59 – 7.55 (m, 2H), 7.49 – 7.44 (m, 1H), 7.42 – 7.38 (m, 1H), 7.34 – 

7.27 (m, 3H), 7.21 (dd, J=7.0, 1.2, 1H), 7.06 – 7.00 (m, 1H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.7, 147.6, 140.8, 137.6, 133.5, 131.8, 

131.7, 131.7, 130.1, 129.8, 129.7, 128.5, 128.0, 128.0, 127.6, 127.0, 126.3, 126.0, 

125.9, 124.7, 121.0, 120.9, 118.3 (q, J=320.1) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −73.96 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C24H15F6O6S2
+ [M+H]+: 577.0209, found: 577.0207.  

4''-(Pyridin-2-yl)-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) 

(1s) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 15:1) as a pink solid (1.27 g, 21 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 8.67 (d, J = 4.6 Hz, 1H), 7.87 (d, J = 8.4 Hz, 

2H), 7.75 – 7.68 (m, 2H), 7.61 – 7.55 (m, 1H), 7.54 (d, J = 6.4 Hz, 1H), 7.52 – 7.48 

(m, 1H), 7.46 – 7.40 (m, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.25 – 7.19 (m, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 157.0, 149.8, 147.6 (2C), 142.2, 141.1, 138.2, 

136.9, 132.0, 130.6, 130.29, 130.26, 130.0, 129.4 (2C), 127.5, 126.7, 126.6 (2C), 122.3, 

121.8 (2C), 120.6, 118.3 (q, J = 320.4 Hz, 2C) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.11 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C25H16F6O6S2
+ [M+H]+: 604.0318, found: 604.0322. 
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4''-Cyano-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1t) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 9:1) as a white solid (0.88 g, 14 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.61 – 7.56 (m, 1H), 7.55 – 7.52 (m, 1H), 7.51 

– 7.46 (m, 3H), 7.46 – 7.40 (m, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H) 

ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.5 (2C), 145.2, 140.7, 132.4, 132.0 (2C), 

130.6, 130.5, 130.4, 129.7 (2C), 129.6, 128.5, 126.6, 122.0 (2C), 118.8, 118.2 (q, J = 

320.4 Hz, 2C), 111.3 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.07 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H12NF6O6S2
+ [M+H]+: 552.0005, found: 552.0018.  

3''-Cyano-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1u) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 10:1) as a colorless oil (1.71 g, 31 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.61 (td, J = 7.5, 1.5 Hz, 1H), 7.58 – 7.50 (m, 

3H), 7.49 – 7.44 (m, 3H), 7.41 – 7.37 (m, 1H), 7.35 – 7.30 (m, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.4 (2C), 141.7, 140.3, 133.4, 132.5, 132.3, 

131.1, 130.6, 130.54, 130.46, 129.6, 129.0, 128.4, 126.7, 122.0 (2C), 118.5, 118.2 (q, J 

= 320.3 Hz, 2C), 112.4 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.06 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H11NF6NaO6S2
+ [M+Na]+: 573.9824, found: 

573.9829.  

2'-(Thiophen-3-yl)-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1v) 
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The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 9:1) as a white solid (1.92 g, 36 % yield over 3 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.58 – 7.55 (m, 1H), 7.54 (dd, J=7.1, 1.4, 1H), 

7.52 – 7.48 (m, 1H), 7.47 – 7.43 (m, 1H), 7.40 – 7.37 (m, 1H), 7.36 – 7.33 (m, 2H), 

7.18 (dd, J=5.0, 3.0, 1H), 6.94 (dd, J=3.0, 1.3, 1H), 6.87 (dd, J=5.0, 1.4, 1H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.7 (2C), 140.7, 137.4, 132.0, 130.5, 130.3, 

130.2, 129.9, 128.3, 127.3, 126.6, 125.3, 123.3, 122.0 (2C), 118.3 (q, J=320.1, 2C) 

ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.18 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C18H11F6O6S3
+ [M+H]+: 532.9616, found: 532.9634.  

2'-Isopropyl-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1w) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (2.27 g, 46 % yield over 3 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.60 – 7.55 (m, 1H), 7.52 – 7.44 (m, 4H), 7.30 

(m, 1H), 7.19 (d, J = 7.5 Hz, 1H), 2.51 (p, J = 6.8 Hz, 1H), 1.20 (d, J = 6.8 Hz, 6H) 

ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 148.0 (2C), 147.9, 131.1, 130.7, 130.4, 130.0, 

126.3, 126.2, 125.7, 121.7, 118.3 (d, J = 320.0 Hz, 2C), 31.1 (2C), 24.0 (2C) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.28 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C17H14F6NaO6S2
+ [M+Na]+: 515.0028, found: 

515.0022.  

2'-Ethyl-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1x) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a colorless oil (1.96 g, 41 % yield over 3 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.47 – 7.41 (m, 1H), 7.38 – 7.29 (m, 4H), 7.19 

(td, J = 7.3, 1.8 Hz, 1H), 7.09 (d, J = 8.1 Hz, 1H), 2.30 (q, J = 7.6 Hz, 2H), 1.07 (t, J 

= 7.6 Hz, 3H) ppm. 



 

S16 
 

13C NMR (101 MHz, Chloroform-d) δ = 148.0 (2C), 143.1, 131.1, 130.7, 130.2, 130.0, 

128.3, 127.2, 125.8, 121.9 (2C), 118.4 (q, J = 320.3 Hz, 2C), 25.7, 13.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.30 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C16H13F6O6S2
+ [M+H]+: 479.0052, found: 479.0057.  

2'-Phenoxy-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1y) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (1.36 g, 25 % yield over 3 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.59 – 7.51 (m, 1H), 7.48 – 7.43 (m, 2H), 7.41 

– 7.38 (m, 1H), 7.37 – 7.32 (m, 3H), 7.21 – 7.13 (m, 2H), 7.10 – 6.99 (m, 2H), 6.84 (d, 

J = 8.4 Hz, 1H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 156.2, 155.4, 148.3 (3C), 132.5, 131.5, 130.0 

(2C), 127.4, 124.6, 122.3, 121.7 (2C), 120.7 (2C), 118.5 (q, J = 320.4 Hz, 2C), 118.4, 

116.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −73.98 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C20H13F6O7S2
+ [M+H]+: 543.0001, found: 543.0013.  

4'-Methyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1aa) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a yellow oil (2.38 g, 44 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.44 – 7.39 (m, 1H), 7.34 – 7.30 (m, 3H), 7.28 

(d, J = 8.4 Hz, 2H), 7.23 – 7.18 (m, 3H), 7.16 – 7.13 (m, 2H), 2.48 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.9 (2C), 142.5, 140.6, 140.2, 131.8, 131.3, 

130.6, 129.6, 129.0 (2C), 128.1, 128.0 (2C), 127.2, 123.7, 121.6 (2C), 118.3 (q, J = 

320.1 Hz, 2C), 21.5 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.18 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H15F6O6S2
+ [M+H]+: 541.0209, found: 541.0208.  
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4'-(tert-Butyl)-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1ab) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a white solid (2.68 g, 46 % yield over 4 steps). 

1H NMR (500 MHz, Chloroform-d) δ = 7.51 – 7.47 (m, 2H), 7.45 – 7.39 (m, 1H), 7.34 

– 7.26 (m, 3H), 7.23 – 7.18 (m, 3H), 7.15 – 7.10 (m, 2H), 1.39 (s, 9H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 153.5, 147.8 (2C), 142.2, 141.1, 131.5, 130.4, 

129.5, 129.0 (2C), 128.1 (2C), 127.5, 127.2, 124.3, 123.6, 121.6 (2C), 118.3 (q, J = 

320.3 Hz, 2C), 35.0, 31.3 (3C) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.26 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C24H21F6O6S2
+ [M+H]+: 583.0678, found: 583.0670. 

4'-Phenoxy-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1ac) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 15:1) as a white solid (1.98 g, 32 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.47 – 7.42 (m, 1H), 7.40 – 7.35 (m, 3H), 7.27 

(d, J = 8.3 Hz, 2H), 7.20 – 7.16 (m, 3H), 7.15 – 7.12 (m, 2H), 7.12 – 7.02 (m, 5H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 158.8, 156.8, 147.8 (2C), 144.6, 139.9, 133.6, 

130.08 (2C), 130.05, 129.8, 128.8 (2C), 128.1 (2C), 127.6, 123.9, 121.7 (2C), 121.3, 

120.6, 119.3 (2C), 118.3 (q, J = 320.3 Hz, 2C), 117.5 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.13 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C26H16F6O7S2
+ [M+H]+: 619.0314, found: 619.0325. 
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4'-Fluoro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1ad) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a yellow oil (1.20 g, 22 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.34 – 7.27 (m, 2H), 7.19 – 7.15 (m, 2H), 7.14 

– 7.06 (m, 5H), 7.04 – 6.99 (m, 2H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 163.6 (d, J=250.1), 147.7, 145.3 (d, J=8.3), 

139.3, 133.9 (d, J=9.0), 130.2, 129.5, 128.8, 128.3, 127.9, 122.8 (d, J=2.9), 121.8, 119.6 

(q, J=320.1), 117.6 (d, J=22.2), 114.5 (d, J=21.3) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.23 (s, 6F), −110.93 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C20H12F7O6S2
+ [M+H]+: 544.9958, found: 544.9969.  

5'-Methyl-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1ae) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 

ether/ethyl acetate = 20:1) as a brown oil (1.78 g, 33 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.46 – 7.37 (m, 3H), 7.29 (d, J = 8.3 Hz, 2H), 

7.24 (s, 1H), 7.23 – 7.18 (m, 3H), 7.15 – 7.09 (m, 2H), 2.46 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.7 (2C), 140.4, 139.7, 137.2, 132.3, 130.9, 

130.5, 130.4, 129.7, 129.0 (2C), 128.0 (2C), 127.1, 126.4, 121.6 (2C), 118.3 (q, J = 

320.3 Hz, 2C), 21.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.27 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C21H16F6O6S2
+ [M+H]+: 541.0209, found: 541.0216. 

5'-Fluoro-[1,1':2',1''-terphenyl]-2,6-diyl bis(trifluoromethanesulfonate) (1af) 

 

The title compound was isolated through column chromatography (silica gel, petroleum 
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ether/ethyl acetate = 20:1) as a brown oil (2.23 g, 44 % yield over 4 steps). 

1H NMR (400 MHz, Chloroform-d) δ = 7.51 – 7.45 (m, 2H), 7.33 – 7.26 (m, 3H), 7.25 

– 7.19 (m, 3H), 7.17 (dd, J = 9.0, 2.7 Hz, 1H), 7.13 – 7.07 (m, 2H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 161.6 (d, J = 248.3 Hz), 147.7 (2C), 147.4, 

139.4, 139.0 (d, J = 3.5 Hz), 132.3 (d, J = 8.1 Hz), 130.4, 129.0 (2C), 128.8, 128.3, 

128.2 (2C), 127.5, 121.8 (2C), 118.7 (d, J = 23.1 Hz), 118.3 (q, J = 320.4 Hz, 2C), 

117.3 (d, J = 21.0 Hz) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.08 (s, 6F), −114.90 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C20H11F7NaO6S2
+ [M+Na]+: 566.9777, found: 

566.9781.  

Procedure for Preparation of Biaryl Bis(triflate) 1z 

 

The crude S4z was prepared according to Step 2 of the general procedure A employing 

the commercially available precursors and used directly without further purification. 

Step 1：To a solution of the crude S4z in dichloromethane (50 mL) was added dropwise 

BBr3 (2.0 M in DCM, 7.5 mL, 15 mmol, 3.0 equiv) at 0 °C. The mixture was allowed 

to warm up to room temperature and stirred for 8 h. Next, the mixture was slowly 

poured into ice water (20 mL) and was extracted three times with dichloromethane. The 

combined organic layers were dried over Na2SO4, filtered through a pad of celite, and 

concentrated under reduced pressure. The crude S5z was used directly for the next step 

without further purification. 

Step 2：To a solution of the crude S5z and pyridine (0.99 g, 12.5 mmol, 2.5 equiv) in 

dichloromethane (50 mL) was added trifluoromethanesulfonic anhydride (4.23 g, 15 

mmol, 3.0equiv) at 0 °C slowly. After stirring at room temperature for 4 h, the reaction 

was quenched with 3.0 M aqueous HCl solution at 0 °C. The aqueous phase was 

extracted three times with dichloromethane. and the combined organic layers were 

dried over Na2SO4. The combined organic layers were dried over Na2SO4, filtered 

through a pad of Celite, and concentrated under reduced pressure. The residue was 

purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1) 

to afford 2'-(2-methyl-1H-indol-1-yl)-[1,1'-biphenyl]-2,6-diyl bis(trifluoromethane-
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sulfonate) (1z) as a white solid (0.69 g, 24 % yield over 3 steps).  

1H NMR (400 MHz, Chloroform-d) δ = 7.66 – 7.61 (m, 1H), 7.59 – 7.56 (m, 1H), 7.55 

– 7.52 (m, 2H), 7.50 – 7.46 (m, 1H), 7.40 (t, J=8.4, 1H), 7.29 – 7.24 (m, 3H), 7.14 (t, 

J=6.4 Hz, 1H), 7.10 (t, J=7.4 Hz, 1H), 6.57 (s, 1H), 2.15 (d, J=1.2 Hz, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.9, 139.2, 137.1, 133.0, 131.3 (2C), 130.3, 

129.1, 128.1, 127.8, 127.3, 125.8, 125.4, 122.4, 121.7 (2C), 119.9, 118.8, 118.3 (q, J 

=319.8 Hz, 2C), 112.8, 110.6, 9.6 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −73.96 (s, 6F) ppm. 

HRMS (ESI) m/z calculated for C23H16F6NO6S2
+ [M+H]+: 580.0318, found: 580.0334. 

Synthesis of Chiral Picolinamide Ligands 

 
The ligands L1[3], L2[4], L3[5], L4[6], L5[7], L7[8], L8[9] and L9[10] are known compounds 

in the literature, and their NMR data are consistent to the reported ones. The preparation 

of other ligands (L6, L10, L11, and L12) and their characterization data are provided 

below. 

Procedure for Synthesis of Ligand L6 

 

To a 100 mL screw-cap vial equipped with a magnetic stir bar was added L6'[11] (1.16 

g, 4.2 mmol, 1.0 equiv) and morpholine (5 mL), successively. The reaction mixture was 

stirred at 90 °C for 12 h. After cooling to room temperature, the reaction was diluted 

with EtOAc and washed with H2O. The combined organic phases were dried over 

Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified 
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through column chromatography (silica gel, petroleum ether/ethyl acetate = 1:1) to 

afford (S)-N-(2-hydroxy-1-phenylethyl)-5-morpholinopicolinamide (L6) as a colorless 

oil (1.32 g, 96 % yield). 

1H NMR (400 MHz, Chloroform-d) δ = 8.72 (d, J = 7.8 Hz, 1H), 8.15 (d, J = 5.8 Hz, 

1H), 7.56 (d, J = 2.7 Hz, 1H), 7.42 – 7.22 (m, 5H), 6.67 (dd, J = 5.9, 2.7 Hz, 1H), 5.32 

– 5.17 (m, 1H), 3.95 (d, J = 5.5 Hz, 2H), 3.83 – 3.75 (m, 4H), 3.69 – 3.50 (m, 1H), 3.38 

– 3.25 (m, 4H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 165.3, 156.1, 150.3, 148.8, 139.2, 128.7 (2C), 

127.7, 126.9 (2C), 109.6, 106.8, 66.3 (2C), 56.1, 46.0 (2C), 40.6 ppm. 

HRMS (ESI) m/z calculated for C18H22N3O3
+ [M+H]+: 328.1656, found: 328.1662. 

Procedure for Synthesis of Ligand L10 

 

N-Methyl morpholine (842 μL, 7.66 mmol, 1.5 equiv) was added dropwise to a solution 

of pyrimidine-2-carboxylic acid (0.62 g, 5.0 mmol, 1.0 equiv) in anhydrous CH2Cl2 (50 

mL) under an atmosphere of nitrogen at 0 °C. After stirring for 15 min, 

isobutylchloroformate (768 μL, 5.8 mmol, 1.1 equiv) was added dropwise. The reaction 

mixture was stirred for an additional 30 min before a solution of (S)-(+)-2-

phenylglycinol (0.82 g, 6.0 mmol, 1.2 equiv) and N-methyl morpholine (645 μL, 5.9 

mmol, 1.1 equiv) in CH2Cl2 (10 mL) was added dropwise. After stirring for 1 h, the 

reaction was allowed to warm up to room temperature and stirred for 15 h. Next, the 

reaction mixture was diluted with CH2Cl2, washed with saturated aqueous NH4Cl 

solution (30 mL ×2) and brine, dried over anhydrous Na2SO4, filtered, and concentrated 

under reduced pressure. The crude material was purified by flash column 

chromatography on silica gel (EtOAc/ petroleum ether = 1:1) to give (S)-N-(2-hydroxy-

1-phenylethyl)pyrimidine-2-carboxamide (L10) as a yellow solid (0.86 g, 71% yield).  

1H NMR (400 MHz, Chloroform-d) δ = 8.88 – 8.79 (m, 2H), 8.73 (d, J = 7.4 Hz, 1H), 

7.43 – 7.39 (m, 3H), 7.38 – 7.33 (m, 2H), 7.31 – 7.26 (m, 1H), 5.42 – 5.29 (m, 1H), 

4.02 (d, J = 5.1 Hz, 2H), 3.60 – 3.18 (br, 1H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 162.5, 157.5 (2C), 138.8, 128.9 (2C), 128.0 

(2C), 127.0 (2C), 122.7, 66.3, 56.2 ppm. 

HRMS (ESI) m/z calculated for C13H13N3NaO2
+ [M+Na]+: 266.0900, found: 266.0904.  
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General Procedure B for Synthesis of Ligands L11 and L12 

 

To a solution of ligand L1 (242 mg, 1.0 mmol, 1.0 equiv) in DCM (5 mL) was added 

Et3N (202 mg, 2.0 mmol, 2.0 equiv) at 0 °C. Next, the corresponding chlorosilanes (2.0 

mmol, 2.0 equiv) were added dropwise at 0 °C. The reaction was stirred at room 

temperature for 12 h. The mixture was filtered through a pad of Celite, and concentrated 

under reduced pressure. The residue was purified through column chromatography 

(silica gel, petroleum ether/ethyl acetate = 20:1) to afford the corresponding ligands. 

(S)-N-(1-Phenyl-2-((triethylsilyl)oxy)ethyl)picolinamide (L11) 

 

Colorless oil (324 mg, 91% yield). 

1H NMR (500 MHz, Acetone-d6) δ = 8.93 – 8.86 (m, 1H), 8.64 (d, J = 4.7 Hz, 1H), 

8.12 (d, J = 7.8 Hz, 1H), 7.98 (td, J = 7.8, 1.7 Hz, 1H), 7.59 – 7.55 (m, 1H), 7.50 – 7.44 

(m, 2H), 7.37 – 7.31 (m, 2H), 7.29 – 7.22 (m, 1H), 5.25 (dt, J = 8.5, 4.9 Hz, 1H), 4.11 

– 4.00 (m, 2H), 0.90 (t, J = 8.0 Hz, 9H), 0.57 (d, J = 7.8 Hz, 6H) ppm. 

13C NMR (126 MHz, Acetone-d6) δ = 163.9, 150.9, 149.1, 141.6, 138.3, 128.9 (2C), 

127.8, 127.7 (2C), 127.2, 122.6, 66.8, 55.5, 6.8 (3C), 4.7 (3C) ppm. 

HRMS (ESI) m/z calculated for C20H29N2O2Si+ [M+H]+: 357.1993, found: 357.2006. 

(S)-N-(2-((Dimethyl(vinyl)silyl)oxy)-1-phenylethyl)picolinamide (L12) 

 

Colorless oil (280 mg, 86% yield). 

1H NMR (400 MHz, Acetone-d6) δ = 8.80 (d, J = 7.6 Hz, 1H), 8.63 – 8.60 (m, 1H), 

8.09 (d, J = 7.8 Hz, 1H), 7.97 – 7.90 (m, 1H), 7.61 – 7.51 (m, 1H), 7.45 – 7.40 (m, 2H), 

7.33 – 7.28 (m, 2H), 7.22 (t, J = 7.3 Hz, 1H), 6.10 – 5.88 (m, 2H), 5.72 (dd, J = 19.9, 

4.5 Hz, 1H), 5.22 (dt, J = 9.8, 5.1 Hz, 1H), 4.00 (d, J = 5.1 Hz, 2H), 0.07 (s, 3H), 0.06 

(s, 3H) ppm. 

13C NMR (101 MHz, Acetone-d6) δ = 163.8, 150.7, 149.0, 141.3, 138.2, 137.7, 133.6, 

128.8 (2C), 127.7, 127.6 (2C), 127.0, 122.4, 66.5, 55.3, ‒2.3, ‒2.4 ppm. 
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HRMS (ESI) m/z calculated for C18H22N2O2NaSi+ [M+H]+: 349.1343, found: 

349.1343. 

General Procedure C for Nickel-Catalyzed Reductive Desymme-

tric Silylation  

 

In a nitrogen-filled glove box, Ni(Py)4Cl2 (13.8 mg, 0.03 mmol. 15 mol%), ligand L1[a] 

(9.7 mg, 0.04 mmol, 20 mol%), and Mn (33.0 mg, 0.6 mmol, 3.0 equiv) were added to 

a reaction tube equipped with a magnetic stir bar. Subsequently, a solution of the 

bis(triflates) 1 (0.2 mmol, 1.0 equiv) and the chlorosilane 2 (0.6 mmol, 3.0 equiv) in 

dry DMA (1.0 mL, 0.2 M) was added to the reaction mixture. The reaction tube was 

sealed and removed from the glove box. The reaction was stirred at room temperature 

for 24 h before it was quenched by addition of water. The aqueous phase was extracted 

with ethyl acetate (3 × 20 mL), and the combined organic phases were washed with 

brine, dried over Na2SO4, filtered, and concentrated in vacuo. The crude materials were 

purified through column chromatography on silica gel (petroleum ether) to give the 

products 3.  

[a] In the case of 3ay, ligand L5 was used instead of L1. 

(R)-6-(Dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoromethanesulfonate 

(3aa) 

 

According to the general procedure, the title compound 3aa was isolated through 
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column chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a 

colorless oil (74.1 mg, 80% yield, 91% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (d, J = 7.3 Hz, 1H), 7.52 (t, J = 7.4 Hz, 

1H), 7.46 (d, J = 7.2 Hz, 1H), 7.41 (t, J = 7.1 Hz, 1H), 7.36 – 7.31 (m, 2H), 7.19 – 7.15 

(m, 3H), 7.11 – 7.05 (m, 3H), 6.05 – 5.88 (m, 2H), 5.63 (dd, J = 19.8, 3.9 Hz, 1H), 0.13 

(s, 6H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 146.8, 142.8, 141.6, 140.8, 140.7, 138.0, 

135.3, 134.8, 132.6, 132.2, 130.1, 129.3, 129.3 (2C), 128.6, 127.8 (2C), 126.8, 126.8, 

121.8, 118.3 (q, J = 320.1 Hz), −1.2, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.73 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C23H22F3O3SSi+ [M+H]+: 463.1006, found: 463.1004 

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, flow 

rate = 0.5 mL/min): tR = 8.3 (major), 9.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-methyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ba) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(77.1 mg, 81% yield, 92% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.63 (d, J = 8.2 Hz, 1H), 7.49 (t, J = 7.5 Hz, 

1H), 7.43 (d, J = 7.6 Hz, 1H), 7.39 – 7.29 (m, 3H), 7.08 (d, J = 8.2 Hz, 1H), 7.00 – 

6.94 (m, 4H), 6.12 – 5.86 (m, 2H), 5.62 (dd, J = 19.8, 3.9 Hz, 1H), 2.28 (s, 3H), 0.11 

(s, 6H). ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 146.8, 142.8, 141.5, 140.9, 138.1, 137.8, 

136.4, 135.2, 132.5, 132.2, 130.1, 134.7, 129.3, 129.1 (2C), 128.6 (2C), 128.5, 126.5, 

121.8, 118.3 (q, J = 320.0 Hz), 21.2, ‒1.2, ‒1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.72 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O3SSi+ [M+H]+: 477.1157, found: 477.1162. 

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, flow 

rate = 0.3 mL/min): tR = 10.3 (major), 11.5 (minor). 
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(R)-4''-(tert-Butyl)-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ca) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(77.7 mg, 75% yield, 92% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (d, J = 8.2 Hz, 1H), 7.54 – 7.44 (m, 2H), 

7.40 – 7.30 (m, 3H), 7.19 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.1 Hz, 1H), 7.01 (d, J = 8.4 

Hz, 2H), 6.04 – 5.88 (m, 2H), 5.61 (dd, J = 19.8, 3.9 Hz, 1H), 1.28 (s, 9H), 0.10 (s, 

3H), 0.09 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 149.6, 146.9, 142.7, 141.4, 140.9, 138.1, 

137.6, 135.2, 134.6, 132.5, 132.2, 130.1, 129.3, 128.9 (2C), 128.5, 126.5, 124.7 (2C), 

121.7, 118.3 (q, J = 320.1 Hz), 34.5, 31.4 (3C), −1.3, −2.0 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.73 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C27H29F3NaO3SSi+ [M+Na]+: 541.1451, found: 

541.1453. 

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane, flow rate = 0.3 mL/min): tR 

= 12.9 (major), 13.6 (minor). 

(R)-4''-Cyclohexyl-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3da) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(81.6 mg, 75% yield, 92% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.62 (d, J = 7.4 Hz, 1H), 7.52 – 7.43 (m, 2H), 

7.39 – 7.33 (m, 2H), 7.32 – 7.27 (m, 1H), 7.08 (d, J = 8.1 Hz, 1H), 7.02 – 6.95 (m, 4H), 

6.04 – 5.85 (m, 2H), 5.60 (dd, J = 19.8, 4.0 Hz, 1H), 2.47 – 2.38 (m, 1H), 1.88 – 1.70 

(m, 5H), 1.42 – 1.24 (m, 5H), 0.09 (s, 3H), 0.08 (s, 3H). ppm. 
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13C NMR (126 MHz, Chloroform-d) δ = 146.9, 146.6, 142.7, 141.5, 140.9, 138.1, 

138.0, 135.2, 134.7, 132.5, 132.2, 130.1, 129.2, 129.2, 128.5, 126.5, 126.3, 121.7, 118.3 

(q, J = 320.6 Hz), 44.2, 34.5, 27.0, 26.3, −1.3, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.73 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C29H32F3O3SSi+ [M+H]+: 545.1788, found: 545.1797. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, 

flow rate = 0.5 mL/min): tR = 15.3 (major), 16.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-3''-methyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ea) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(78.1 mg, 82% yield, 90% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.63 (dd, J = 7.5, 1.2 Hz, 1H), 7.35 – 7.29 (m, 

1H), 7.27 (s, 1H), 7.23 – 7.21 (m, 2H), 7.18 – 7.15 (m, 3H), 7.10 – 7.07 (m, 2H), 7.05 

(dd, J = 8.2, 1.1 Hz, 1H), 6.11 – 5.87 (m, 2H), 5.64 (dd, J = 19.9, 3.9 Hz, 1H), 2.48 (s, 

3H), 0.14 (s, 3H), 0.13 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.0, 142.9, 141.3, 141.0, 140.9, 139.1, 

138.2, 135.3, 132.5, 132.1, 131.8, 130.8, 129.3 (2C), 128.5, 127.7 (2C), 127.4, 126.7, 

121.7, 118.3 (q, J = 320.0 Hz), 21.5, −1.2, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.70 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O3SSi+ [M+H]+: 477.1162, found: 477.1172. 

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 10.0 (major), 11.8 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-3'',4''-dimethyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3fa) 
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According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(51.0 mg, 52% yield, 91% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.62 (dd, J = 7.4, 1.2 Hz, 1H), 7.47 (dd, J = 

7.3, 1.5 Hz, 1H), 7.42 (dd, J = 7.8, 1.5 Hz, 1H), 7.39 – 7.31 (m, 2H), 7.30 (d, J = 1.4 

Hz, 1H), 7.08 (dd, J = 8.2, 1.1 Hz, 1H), 6.92 – 6.86 (m, 2H), 6.76 (dd, J = 7.8, 2.0 Hz, 

1H), 6.08 – 5.85 (m, 2H), 5.61 (dd, J = 19.6, 4.2 Hz, 1H), 2.18 (s, 3H), 2.11 (s, 3H) 

0.11 (s, 3H), 0.10 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 146.7, 142.8, 141.5, 141.0, 138.2, 138.1, 

135.9, 135.2, 135.1, 134.7, 132.5, 132.1, 130.8, 130.0, 129.2, 129.0, 128.5, 126.5, 

126.4, 121.8, 118.3 (q, J = 320.0 Hz), 19.8, 19.5, −1.3, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.79 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C25H26F3O3SSi+ [M+H]+: 491.1319, found: 491.1324. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 9.1 (major), 9.9 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-[1,1':2',1'':4'',1'''-quaterphenyl]-2-yl trifluorome-

thanesulfonate (3ga) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(74.3 mg, 69% yield, 87% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.67 (d, J = 7.5 Hz, 1H), 7.59 (d, J = 7.2 Hz, 

2H), 7.56 – 7.49 (m, 2H), 7.47 – 7.39 (m, 5H), 7.38 – 7.32 (m, 3H), 7.17 (d, J = 8.3 Hz, 

2H), 7.12 – 7.09 (m, 1H), 6.07 – 5.85 (m, 2H), 5.65 (dd, J = 19.8, 3.9 Hz, 1H), 0.16 (s, 

3H), 0.15 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 146.9, 142.8, 141.2, 140.8, 140.7, 139.8, 

139.4, 138.0, 135.3, 134.8, 132.6, 132.3, 130.0, 129.7 (2C), 129.4, 128.9 (2C), 128.7, 

127.4, 127.1 (2C), 126.9, 126.5 (2C), 121.9, 118.3 (q, J = 320.8 Hz), −1.2, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.66 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C29H26F3O3SSi+ [M+H]+: 539.1319, found: 539.1313. 

HPLC-data: (Chiral OD-H column, λ = 254 nm, hexane/isopropanol = 99.4/0.6, flow 
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rate = 0.5 mL/min): tR = 12.7 (major), 13.5 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-methoxy-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ha) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:2) as a colorless oil 

(67.9 mg, 62% yield, 91% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.63 (dd, J = 7.5, 1.0 Hz, 1H), 7.53 – 7.45 (m, 

1H), 7.41 (dd, J = 7.7, 1.1 Hz, 1H), 7.38 – 7.33 (m, 2H), 7.32 – 7.27 (m, 1H), 7.10 – 

7.05 (m, 1H), 7.00 – 6.95 (m, 2H), 6.72 – 6.68 (m, 2H), 6.04 – 5.86 (m, 2H), 5.61 (dd, 

J = 19.4, 4.4 Hz, 1H), 3.75 (s, 3H), 0.11 (s, 6H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 158.5, 146.8, 142.7, 141.2, 140.9, 138.0, 

135.3, 134.6, 133.2 (2C), 132.6, 132.2, 130.4 (2C), 129.9, 129.3, 128.6, 126.4, 121.9, 

118.3 (d, J = 320.9 Hz), 113.3, 55.3, −1.2, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.74 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O4SSi+ [M+H]+: 493.1111, found: 493.1111. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, 

flow rate = 0.5 mL/min): tR = 26.5 (major), 29.8 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-phenoxy-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ia) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:2) as a colorless oil 

(89.8 mg, 81% yield, 89% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.63 (d, J = 7.4 Hz, 1H), 7.53 – 7.48 (m, 1H), 

7.45 (d, J = 7.7 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.37 – 7.30 (m, 4H), 7.10 (d, J = 7.9 

Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 6.98 (d, J = 7.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 
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6.02 – 5.85 (m, 2H), 5.61 (dd, J = 19.4, 4.3 Hz, 1H), 0.11 (s, 6H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 157.1, 156.2, 146.8, 142.7, 140.9, 140.7, 

137.9, 135.7, 135.3, 134.7, 132.6, 132.3, 130.6 (2C), 129.9, 129.8 (2C), 129.4, 128.7, 

126.7, 123.4, 121.8, 119.1 (2C), 118.3 (q, J = 320.2 Hz), 118.1 (2C), −1.2, −2.0 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.71 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C29H26F3O4SSi+ [M+H]+: 555.1268, found: 555.1274.  

HPLC-data: (Chiralpak IB column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 23.5 (major), 32.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-(trifluoromethoxy)-[1,1':2',1''-terphenyl]-2-yl 

trifluoromethanesulfonate (3ja) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 50:1) as a colorless oil (86.3 

mg, 79% yield, 81% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (dd, J = 7.5, 1.2 Hz, 1H), 7.52 (t, J = 7.3, 

1H), 7.45 – 7.40 (m, 2H), 7.38 – 7.32 (m, 2H), 7.10 – 7.05 (m, 3H), 7.01 (d, J = 8.1 Hz, 

2H), 5.98 – 5.86 (m, 2H), 5.60 (dd, J = 18.2, 5.6 Hz, 1H), 0.12 (s, 3H), 0.11 (s, 3H) 

ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 148.2, 146.8, 142.7, 140.3, 140.2, 139.4, 

137.7, 135.4, 134.8, 132.8, 132.4, 130.6 (2C), 130.0, 129.5, 128.9, 127.3, 121.9, 120.5 

(q, J = 258.2 Hz), 120.2 (2C), 118.3 (q, J = 320.3 Hz), −1.1, −2.0 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = -57.84 (s, 3F), −74.72 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H20F6NaO4SSi+ [M+Na]+: 569.0648, found: 

569.0656.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 9.2 (major), 10.1 (minor). 
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(R)-6-(Dimethyl(vinyl)silyl)-3''-methoxy-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ka) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 50:1) as a colorless oil (54.1 

mg, 55% yield, 82% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.63 (d, J = 7.5 Hz, 1H), 7.53 – 7.44 (m, 2H), 

7.40 (t, J = 6.7 Hz, 1H), 7.36 – 7.29 (m, 2H), 7.16 – 7.02 (m, 2H), 6.06 – 5.81 (m, 2H), 

6.57 (s, 1H), 6.06 – 5.81 (m, 2H), 5.61 (dd, J = 19.2, 4.6 Hz, 1H), 3.56 (s, 3H), 0.12 (s, 

1H), 0.11 (s, 1H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ =158.9, 146.9, 142.8, 142.1, 141.4, 140.8, 137.9, 

135.2, 134.7, 132.6, 132.2, 130.0, 129.3, 128.9, 128.6, 126.9, 121.9 (2C), 118.3 (q, J = 

320.1 Hz), 114.1, 113.6, 55.1, −1.2, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.73 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O4SSi+ [M+H]+: 493.1111, found: 493.1120.  

HPLC-data: (Chiral OD-H column, λ = 254 nm, hexane/isopropanol = 99/1, flow rate 

= 0.5 mL/min): tR = 8.9 (major), 9.7 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-fluoro-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3la) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(64.3 mg, 67% yield, 90% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (d, J = 7.5 Hz, 1H), 7.51 (t, J = 7.5 Hz, 

1H), 7.42 – 7.39 (m, 2H), 7.37 – 7.31 (m, 2H), 7.07 (d, J = 8.2 Hz, 1H), 7.05 – 7.00 

(m, 2H), 6.89 – 6.80 (m, 2H), 6.02 – 5.86 (m, 2H), 5.61 (dd, J = 19.0, 4.8 Hz, 1H), 0.12 

(s, 6H) ppm. 
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13C NMR (126 MHz, Chloroform-d) δ =161.9 (d, J = 245.8 Hz), 146.8, 142.7, 140.6, 

140.5, 137.9, 136.8 (d, J = 3.6 Hz), 135.4, 134.8, 132.7, 132.3, 130.8 (d, J = 8.2 Hz, 

2C), 130.0, 129.4, 128.8, 126.9, 121.9, 118.3 (q, J = 320.0 Hz), 114.8 (d, J = 21.2 Hz, 

2C), −1.1, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.72 (s, 3F), −115.88 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C23H20F4NaO3SSi+ [M+Na]+: 503.0731, found: 

503.0738. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 9.2 (major), 10.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-3''-fluoro-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ma) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(59.5 mg, 62% yield, 82% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (d, J = 7.3 Hz, 1H), 7.51 (d, J = 6.6 Hz, 

1H), 7.46 – 7.39 (m, 2H), 7.39 – 7.30 (m, 2H), 7.17 – 7.08 (m, 1H), 7.08 (d, J = 8.1 Hz, 

1H), 6.91 – 6.82 (m, 2H), 6.77 (d, J = 10.3 Hz, 1H), 6.01 – 5.86 (m, 2H), 5.61 (dd, J = 

18.9, 4.9 Hz, 1H), 0.12 (s, 6H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 162.3 (d, J = 245.0 Hz), 146.8, 143.02, 142.96, 

142.7, 140.3 (d, J = 3.2 Hz), 137.8, 135.4, 134.8, 132.8, 132.4, 129.9, 129.4, 129.2 (d, 

J = 8.3 Hz), 128.9, 127.3, 125.0 (d, J = 2.8 Hz), 121.9, 118.3 (q, J = 320.0 Hz), 116.2 

(q, J = 22.1 Hz), 113.8 (d, J = 21.1 Hz), −1.1, −2.0 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.71 (s, 3F), −113.93 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C23H21F4O3SSi+ [M+H]+: 481.0911, found: 481.0929. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/.4, flow 

rate = 0.5 mL/min): tR = 10.8 (major), 12.9 (minor). 
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(R)-4''-Chloro-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3na) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(66.5 mg, 67% yield, 85% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (d, J = 7.7 Hz, 1H), 7.50 (t, J = 7.6 Hz, 

1H), 7.43 – 7.39 (m, 2H), 7.37 – 7.31 (m, 2H), 7.14 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 

8.2 Hz, 1H), 6.99 (d, J = 8.5 Hz, 2H), 6.00 – 5.84 (m, 2H), 5.60 (dd, J = 18.7, 5.0 Hz, 

1H), 0.12 (s, 3H), 0.11 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 146.7, 142.7, 140.41, 140.35, 139.3, 137.8, 

135.4, 134.7, 133.0, 132.8, 132.4, 130.5 (2C), 129.9, 129.5, 128.9, 128.1 (2C), 127.2, 

122.0, 118.3 (q, J = 320.2 Hz), −1.1, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.68 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C23H21
35ClF3O3SSi+ [M+H]+: 497.0616, found: 

497.0608. 

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, flow 

rate = 0.5 mL/min): tR = 10.0 (major), 11.2 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2''-fluoro-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3oa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(71.0 mg, 74% yield, 82% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.57 (dd, J = 7.5, 0.9 Hz, 1H), 7.50 – 7.44 (m, 

1H), 7.42 – 7.37 (m, 2H), 7.36 – 7.29 (m, 1H), 7.29 –7.21 (m, 1H), 7.18 – 7.07 (m, 1H), 

7.02 – 6.93 (m, 2H), 6.94 – 6.82 (m, 2H), 6.08 – 5.82 (m, 2H), 5.59 (dd, J = 19.9, 3.8 
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Hz, 1H), 0.07 (s, 3H), 0.05 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 159.5 (d, J = 247.8 Hz), 146.7, 143.1, 140.0, 

138.5, 136.1, 135.9, 135.3, 132.3, 132.1, 132.0 (d, J = 3.5 Hz), 130.9 (d, J = 1.4 Hz), 

129.2 (d, J = 8.1 Hz), 128.8, 128.6, 128.1 (d, J = 14.9 Hz), 127.5, 123.4 (d, J = 3.6 

Hz), 121.4, 118.3 (q, J = 320.0 Hz), 115.5 (d, J = 22.9 Hz), −1.3, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.63 (s, 3F), −113.35 ppm. 

HRMS (ESI) m/z calculated for C23H20F4NaO3SSi+ [M+Na]+: 503.0731, found: 

503.0734.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, 

flow rate = 0.5 mL/min): tR = 14.1 (major), 15.7 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2''-methyl-[1,1':2',1''-terphenyl]-2-yl trifluorome-

thanesulfonate (3pa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 50:1) as a colorless oil (41.9 

mg, 44% yield, 70% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.52 (d, J = 7.5 Hz, 1H), 7.43 – 7.37 (m, 1H), 

7.36 – 7.30 (m, 2H), 7.27 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 7.13 (d, J = 7.7 

Hz, 1H), 6.96 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 6.67 (t, J = 7.5 Hz, 1H), 

6.53 (d, J = 7.8 Hz, 1H), 5.95 – 5.82 (m, 2H), 5.57 (dd, J = 18.8, 5.0 Hz, 1H), 2.23 (s, 

3H), 0.07 (s, 6H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.3, 142.8, 140.6, 140.4, 139.1, 138.1, 

136.9, 135.7, 134.9, 132.7, 132.0, 131.0, 130.8, 129.9, 128.45, 128.38, 126.8, 126.7, 

124.2, 121.5, 118.4 (q, J = 320.1 Hz), 20.0, −1.0, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.14 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O3SSi+ [M+H]+: 477.1162, found: 477.1175.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, 

flow rate = 0.5 mL/min): tR = 14.3 (major), 15.6 (minor). 

 

 



 

S34 
 

(R)-6-(Dimethyl(vinyl)silyl)-2'',4''-dimethyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3qa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(51.0 mg, 52% yield, 70% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.49 (d, J = 7.2 Hz, 1H), 7.37 – 7.32 (m, 1H), 

7.30 – 7.26 (m, 2H), 7.21 (d, J = 7.6 Hz, 1H), 7.18 – 7.11 (m, 1H), 6.97 – 6.83 (m, 2H), 

6.57 – 6.25 (m, 2H), 6.07 – 5.75 (m, 2H), 5.56 (d, J = 4.6 Hz, 1H), 2.13 (m, 6H), 0.04 

(s, 3H), 0.03 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 147.3, 142.8, 140.7, 140.6, 138.2, 136.6, 

136.3, 135.7, 134.9, 132.6, 132.0 (2C), 131.5, 131.2, 129.9, 128.4 (2C), 126.5, 125.1, 

121.6, 118.4 (q, J = 320.6 Hz), 21.1, 19.9, −1.0, −1.8 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.15 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C25H26F3O3SSi+ [M+H]+: 491.1319, found: 491.1327. 

HPLC-data: (Chiralpak AD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 11.1 (major), 14.5 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2'-(naphthalen-1-yl)-[1,1'-biphenyl]-2-yl trifluoro-

methanesulfonate (3ra) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(mg, 33% yield, 3% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.96 (d, J=7.7, 1H), 7.83 – 7.78 (m, 1H), 7.65 

(d, J=8.3, 1H), 7.60 (d, J=7.5, 1H), 7.56 – 7.52 (m, 1H), 7.52 – 7.50 (m, 2H), 7.49 – 

7.42 (m, 3H), 7.20 (t, J=7.8, 1H), 7.13 – 7.04 (m, 1H), 6.90 – 6.73 (m, 2H), 6.11 – 5.98 

(m, 2H), 5.70 (dd, J=19.0, 4.8, 1H), 0.22 (s, 3H), 0.21 (s, 3H) ppm. 
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13C NMR (101 MHz, Chloroform-d) δ = 147.2, 142.7, 140.7, 139.7, 138.1, 137.6, 

136.4, 135.0, 133.9, 132.8, 132.3, 132.3, 132.1, 128.4, 128.4, 127.9, 127.4 (2C), 127.05, 

126.98, 125.9, 125.8, 124.1, 121.6, 118.2 (q, J=320.5), −0.9, −1.7 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.54 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C27H24F3O3SSi+ [M+H]+: 513.1162, found: 513.1157. 

HPLC-data: (ChiralpakAD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 11.5 (major), 13.8 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4''-(pyridin-2-yl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3sa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 20:1) as a colorless oil (87.3 

mg, 81% yield, 85% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 8.65 (d, J = 4.4 Hz, 1H), 7.82 (d, J = 8.2 Hz, 

2H), 7.75 – 7.68 (m, 2H), 7.64 (d, J = 7.4 Hz, 1H), 7.56 – 7.47 (m, 2H), 7.42 (t, J = 7.2 

Hz, 1H), 7.36 – 7.30 (m, 2H), 7.22 – 7.17 (m, 3H), 7.05 (d, J = 8.2 Hz, 1H), 6.04 – 5.87 

(m, 2H), 5.62 (dd, J = 19.7, 4.0 Hz, 1H), 0.14 (s, 3H), 0.13 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 157.1, 149.8, 146.8, 142.7, 141.5, 141.0, 

140.7, 137.9, 137.7, 136.9, 135.3, 134.8, 132.7, 132.4, 130.0, 129.7 (2C), 129.4, 128.8, 

127.0, 126.3 (2C), 122.2, 122.0, 120.6, 118.3 (q, J = 320.4 Hz), −1.2, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.67 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C28H25F3O3SSi+ [M+H]+: 540.1271, found: 540.1282.  

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 95/5, flow rate 

= 0.5 mL/min): tR = 10.4 (major), 11.1 (minor). 

(R)-4''-Cyano-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ta) 
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According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 90:10) as a colorless oil 

(68.2 mg, 70% yield, 16% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.65 (dd, J = 7.5, 1.2 Hz, 1H), 7.55 (t, J = 7.5, 

1H), 7.50 – 7.44 (m, 3H), 7.42 (dd, J = 7.7, 1.1 Hz, 1H), 7.40 – 7.34 (m, 2H), 7.16 (d, 

J = 8.5 Hz, 2H), 7.06 (dd, J = 8.2, 0.9 Hz, 1H), 5.97 – 5.86 (m, 2H), 5.60 (dd, J = 13.9, 

9.8 Hz, 1H), 0.13 (s, 6H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 146.7, 145.6, 142.8, 139.9, 139.7, 137.5, 

135.5, 134.8, 133.0, 132.6, 131.7 (2C), 129.9 (2C), 129.8, 129.7, 129.2, 128.0, 122.0, 

118.1, 119.0, 110.7, −1.0, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.63 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H20F3NNaO3SSi+ [M+Na]+: 510.0777, found: 

510.0759.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 96/4, flow 

rate = 0.5 mL/min): tR = 8.4 (minor), 8.8 (major). 

(R)-3''-Cyano-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ua) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 90:10) as a colorless oil 

(49.7 mg, 51% yield, 45% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.66 (dd, J = 7.5, 1.2 Hz, 1H), 7.55 (t, J = 7.6, 

1H), 7.52 – 7.42 (m, 2H), 7.44 – 7.37 (m, 1H), 7.40 – 7.30 (m, 3H), 7.34 – 7.24 (m, 

2H), 7.06 (dd, J = 8.2, 1.2 Hz, 1H), 5.95 – 5.85 (m, 2H), 5.67 – 5.54 (m, 1H), 0.15 (s, 

3H), 0.13 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 146.6, 142.8, 142.0, 139.8, 139.2, 137.5, 

135.6, 134.9, 133.6, 133.1, 132.7, 132.5, 130.5, 129.8, 129.7, 129.3, 128.8, 127.9, 

121.9, 118.7, 118.3 (q, J = 320.0 Hz), 112.0, −1.0, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.64 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H21F3NO3SSi+ [M+H]+: 488.0958, found: 

488.0968.  
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HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 97.5/2.5, flow 

rate = 0.5 mL/min): tR = 8.4 (major), 9.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2'-(thiophen-3-yl)-[1,1'-biphenyl]-2-yl trifluoro-

methanesulfonate (3va) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:2) as a colorless oil 

(67.4 mg, 72% yield, 30% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.64 (dd, J = 7.5, 1.2 Hz, 1H), 7.53 (dd, J = 

7.8, 1.4 Hz, 1H), 7.47 (t, J = 7.5, 1H), 7.42 – 7.38 (m, 1H), 7.38 – 7.34 (m, 1H), 7.28 

(dd, J = 7.7, 1.5 Hz, 1H), 7.18 (dd, J = 8.3, 1.1 Hz, 1H), 7.12 (dd, J = 5.0, 3.0 Hz, 1H), 

6.81 (dd, J = 5.0, 1.3 Hz, 1H), 6.76 (dd, J = 3.0, 1.4 Hz, 1H), 6.02 – 5.82 (m, 2H), 5.57 

(dd, J = 19.2, 4.6 Hz, 1H), 0.05 (s, 6H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.2, 142.8, 141.1, 140.9, 137.8, 136.4, 

135.4, 134.4, 132.6, 132.3, 129.32, 129.28, 128.8, 128.4, 126.7, 124.7, 123.1, 121.9, 

118.28 (q, J = 320.0 Hz), −1.5, −2.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.71 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C21H20F3O3S2Si+ [M+H]+: 469.0570, found: 469.0568.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99/1, flow 

rate = 0.5 mL/min): tR = 7.5 (major), 8.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2'-isopropyl-[1,1'-biphenyl]-2-yl trifluoro-

methanesulfonate (3wa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether) as a colorless oil (61.6 mg, 72% yield, 

87% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.68 – 7.63 (m, 1H), 7.47 – 7.38 (m, 2H), 7.37 
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– 7.33 (m, 2H), 7.20 (t, J = 7.4, 1H), 7.12 (dd, J = 7.6, 1.2 Hz, 1H), 6.00 – 5.84 (m, 

2H), 5.57 (dd, J = 18.0, 5.8 Hz, 1H), 2.55 – 2.44 (m, 1H), 1.18 (d, J = 6.8 Hz, 3H), 

1.08 (d, J = 6.8 Hz, 3H), 0.00 (s, 3H), −0.03 (s, 3H). ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.6, 147.3, 142.8, 140.5, 138.2, 135.4, 

134.4, 132.5, 131.4, 129.3, 128.6, 125.6, 125.1, 121.7, 118.4 (q, J = 320.1 Hz), 30.4, 

24.0 (2C), −1.4, −1.8 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.61 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C20H24F3O3SSi+ [M+H]+: 429.1162, found: 429.1163.  

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.9/0.1, flow 

rate = 0.5 mL/min): tR = 12.2 (major), 12.8 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-2'-ethyl-[1,1'-biphenyl]-2-yl trifluoromethane-

sulfonate (3xa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:0) as a colorless oil 

(55.5 mg, 67% yield, 81% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.65 (dd, J = 7.4, 1.2 Hz, 1H), 7.46 – 7.41 (m, 

1H), 7.41 – 7.33 (m, 2H), 7.31 (d, J = 7.3 Hz, 1H), 7.23 (td, J = 7.5, 1.1 Hz, 1H), 7.13 

(dd, J = 7.5, 1.2 Hz, 1H), 5.98 – 5.84 (m, 2H), 5.54 (dd, J = 17.2, 6.6 Hz, 1H), 2.29 (q, 

J = 7.7 Hz, 2H), 1.12 (t, J = 7.6 Hz, 3H), 0.00 (s, 3H), −0.03 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 149.5, 144.7, 144.5, 142.8, 139.9, 137.3, 

137.1, 134.4, 133.4, 131.2, 130.7, 129.5, 127.2, 123.8, 120.4 (q, J = 320.0 Hz), 28.0, 

15.9, 0.3, 0.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.63 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C19H22F3O3SSi+ [M+H]+: 415.1006, found: 415.1005.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 12.1 (minor), 12.5 (major). 
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(R)-6-(Dimethyl(vinyl)silyl)-2'-phenoxy-[1,1'-biphenyl]-2-yl trifluoromethane-

sulfonate (3ya) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 50:1) as a colorless oil (38.2 

mg, 40% yield, 84% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.57 (dd, J = 7.4, 1.2 Hz, 1H), 7.38 – 7.29 (m, 

1H), 7.27 – 7.20 (m, 4H), 7.18 – 7.14 (m, 1H), 7.07 – 6.98 (m, 2H), 6.97 – 6.93 (m, 

2H), 6.70 (dd, J = 8.3, 1.1 Hz, 1H), 6.07 – 5.80 (m, 2H), 5.53 (dd, J = 20.1, 3.8 Hz, 

1H), 0.06 (s, 3H), 0.03 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 156.3, 155.8, 148.2, 142.9, 138.1, 137.7, 

135.2, 133.2, 132.4, 130.3, 129.9 (2C), 128.8, 126.4, 124.2, 121.7, 121.6, 120.7 (2C), 

118.5 (q, J = 320.1 Hz), 115.8, −1.7, −2.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.56 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C23H22F3O4SSi+ [M+H]+: 479.0955, found: 479.0953.  

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, 

flow rate = 0.5 mL/min): tR = 9.2 (minor), 9.8 (major). 

(R)-6-(dimethyl(vinyl)silyl)-2'-(2-methyl-1H-indol-1-yl)-[1,1'-biphenyl]-2-yl 

trifluoromethanesulfonate (3za) 

 

According to the general procedure I, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 20:1) as a colorless oil 

(mg, 55% yield, 89% ee). 

1H NMR (500 MHz, Acetone-d6) δ = 7.82 – 7.78 (m, 1H), 7.69 (ddd, J = 8.1 Hz, 5.6, 

3.5, 1H), 7.59 (d, J=7.9 Hz, 1H), 7.56 – 7.54 (m, 2H), 7.51 – 7.47 (m, 1H), 7.46 (d, 

J=7.8 Hz, 1H), 7.41 (d, J=8.2 Hz, 1H), 7.17 – 7.12 (m, 2H), 7.09 – 7.05 (m, 1H), 6.53 

– 6.46 (m, 1H), 6.12 – 5.89 (m, 2H), 5.70 (dd, J=20.1 Hz, 3.7, 1H), 2.06 (d, J=1.1 Hz, 
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3H), 0.23 (s, 3H), 0.22 (s, 3H) ppm. 

13C NMR (126 MHz, Acetone-d6) δ = 148.3, 143.4, 139.3, 138.9, 138.5, 137.8, 136.6, 

134.4, 133.30, 133.29, 131.0, 130.2, 129.6, 127.7, 127.3, 126.2, 122.7, 122.6, 120.4, 

119.4, 118.9 (d, J=319.5), 112.4, 111.5, 9.4, –1.0, –1.9 ppm. 

19F NMR (471 MHz, Acetone-d6) δ = −70.49 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C26H25F3NO3SSi+ [M+H]+: 516.1271, found: 

516.1287. 

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99/1, flow 

rate = 0.5 mL/min): tR = 9.5 (major), 10.0 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4'-methyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3aaa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(59.0 mg, 62% yield, 90% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.65 (d, J = 7.5 Hz, 1H), 7.52 (t, J = 7.5, 1H), 

7.47 (dd, J = 7.8, 1.5 Hz, 1H), 7.41 (t, J = 7.4, 1H), 7.37 – 7.31 (m, 2H), 7.11 – 7.04 

(m, 2H), 7.00 (d, J = 7.5 Hz, 1H), 6.96 (s, 1H), 6.87 (d, J = 7.7 Hz, 1H), 6.06 – 5.90 

(m, 2H), 5.65 (dd, J = 19.8, 3.9 Hz, 1H), 2.23 (s, 3H), 0.15 (s, 3H), 0.14 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.0, 142.9, 141.3, 141.0, 139.1, 138.2, 

135.3, 132.5, 132.1, 131.8, 130.8, 129.3 (2C), 128.5, 127.7 (2C), 127.4, 126.7, 123.4, 

121.7, 118.3 (d, J = 320.0 Hz), 21.5, −1.1, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.79 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O3SSi+ [M+H]+: 477.1162, found: 477.1164.  

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 10.8 (major), 12.0 (minor). 
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(R)-4'-(tert-Butyl)-6-(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3aba) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a white solid (66.3 

mg, 64% yield, 91% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.61 (d, J = 7.4 Hz, 1H), 7.45 – 7.36 (m, 3H), 

7.31 (t, J = 7.8 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.18 – 7.15 (m, 2H), 7.10 – 7.01 (m, 

3H), 6.02 – 5.81 (m, 2H), 5.60 (dd, J = 19.9, 3.9 Hz, 1H), 1.39 (s, 9H), 0.11 (s, 3H), 

0.10 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 152.6, 146.9, 143.0, 141.5, 141.0, 140.8, 

138.1, 135.2, 132.3, 131.8 (2C), 129.4 (2C), 128.4, 127.8 (2C), 127.1, 126.7, 123.6, 

121.8, 118.3 (q, J = 320.3 Hz), 34.9, 31.5 (3C), −1.2, −1.9 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.79 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C27H29F3NaO3SSi+ [M+Na]+: 541.1451, found: 

541.1439.  

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.9/0.1, flow 

rate = 0.5 mL/min): tR = 7.2 (major), 8.2 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4'-phenoxy-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3aca) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:2) as a colorless oil 

(45.4 mg, 41% yield, 92% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.56 (dd, J = 7.5, 0.9 Hz, 1H), 7.34 – 7.27 (m, 

2H), 7.24 – 7.18 (m, 2H), 7.10 – 7.05 (m, 5H), 7.04 – 7.00 (m, 3H), 6.99 – 6.96 (m, 
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3H), 6.03 – 5.84 (m, 2H), 5.57 (dd, J = 19.7, 4.0 Hz, 1H), 0.11 (s, 3H), 0.10 (s, 3H) 

ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 157.9, 157.4, 147.1, 143.4, 142.9, 140.3, 

140.2, 138.0, 135.3, 133.8, 132.7, 130.0, 129.9 (2C), 129.2 (2C), 128.7, 127.9 (2C), 

127.1, 123.5, 121.8, 120.6, 118.8 (2C), 118.4 (q, J = 320.5 Hz), 117.3, −1.1, −1.8 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.69 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C29H26F3O4SSi+ [M+H]+: 555.1268, found: 555.1282.   

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 11.1 (major), 12.8 (minor). 

(R)-6-(Dimethyl(vinyl)silyl)-4'-fluoro-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3ada) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(71.1 mg, 74% yield, 80% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.63 (d, J = 7.4 Hz, 1H), 7.34 (t, J = 7.8 Hz, 

1H), 7.32 – 7.27 (m, 1H), 7.21 – 7.16 (m, 4H), 7.14 – 7.03 (m, 4H), 6.04 – 5.88 (m, 

2H), 5.62 (dd, J = 19.6, 4.1 Hz, 1H), 0.16 (s, 3H), 0.13 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 163.3 (d, J = 248.8 Hz), 146.9, 143.9, 143.8, 

143.0, 139.7 (d, J = 18.9 Hz), 137.8, 135.3, 133.9 (d, J = 8.3 Hz), 132.8, 130.8 (d, J = 

3.0 Hz), 129.1 (2C), 128.9, 128.0 (2C), 127.4, 121.9, 118.3 (q, J = 320.1 Hz), 116.9 (d, 

J = 22.0 Hz), 113.6 (d, J = 21.1 Hz), −1.1, −1.9 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.68 (s, 3F), −112.87 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C23H20F4NaO3SSi+ [M+Na]+: 503.0731, found: 

503.0745.  

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 14.7 (major), 17.0 (minor). 
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(R)-6-(Dimethyl(vinyl)silyl)-5'-methyl-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3aea) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(58.1 mg, 61% yield, 85% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.64 (dd, J = 7.5, 1.2 Hz, 1H), 7.39 – 7.29 (m, 

3H), 7.19 – 7.14 (m, 3H), 7.13 (s, 1H), 7.08 – 7.01 (m, 3H), 6.17 – 5.87 (m, 2H), 5.61 

(dd, J = 19.7, 4.0 Hz, 1H), 2.42 (s, 3H), 0.14 (s, 3H), 0.11 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 146.8, 142.7, 141.0, 140.8, 138.6, 138.2, 

136.4, 135.2, 134.4, 133.0, 132.3, 130.0, 129.9, 129.2 (2C), 128.5, 127.8 (2C), 126.6, 

121.8, 118.3 (q, J = 320.2 Hz), 21.0, −1.1, −2.1 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.75 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C24H24F3O3SSi+ [M+H]+: 477.1162, found: 477.1168.   

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 14.7 (minor), 15.6 (major). 

(R)-6-(Dimethyl(vinyl)silyl)-5'-fluoro-[1,1':2',1''-terphenyl]-2-yl trifluorome-

thanesulfonate (3afa) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(69.1 mg, 72% yield, 80% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.64 (d, J = 7.4 Hz, 1H), 7.42 (dd, J = 8.6, 5.7 

Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.26 – 7.19 (m, 1H), 7.18 – 7.15 (m, 3H), 7.11 – 7.08 

(m, 1H), 7.07 – 7.03 (m, 3H), 6.08 – 5.89 (m, 2H), 5.63 (dd, J = 19.3, 4.4 Hz, 1H), 0.18 

(s, 3H), 0.15 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 161.5 (d, J = 247.9 Hz), 146.6, 142.7, 139.8, 
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139.5 (d, J = 1.1 Hz), 137.9 (d, J = 3.5 Hz), 137.7, 136.6 (d, J = 7.8 Hz), 135.3, 132.8, 

131.8 (d, J = 8.1 Hz), 129.3 (2C), 129.1, 127.9 (2C), 127.0, 121.9, 119.2 (d, J = 22.0 

Hz), 118.4 (q, J = 320.2 Hz), 116.0 (d, J = 21.0 Hz), −1.2, −2.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.63 (s, 3F), −115.88 (s, 1F) ppm. 

HRMS (ESI) m/z calculated for C23H21F4O3SSi+ [M+H]+: 481.0911, found: 481.0916. 

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 11.5 (major), 12.5 (minor). 

(R)-3-(Dimethyl(vinyl)silyl)-2-(naphthalen-1-yl)phenyl trifluoromethanesulfonate 

(3aga) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(54.1 mg, 62% yield, 78% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.98 – 7.85 (m, 2H), 7.72 (dd, J = 7.4, 1.1 Hz, 

1H), 7.56 – 7.46 (m, 3H), 7.44 – 7.35 (m, 3H), 7.25 (d, J = 8.6 Hz, 1H), 5.84 – 5.65 

(m, 2H), 5.40 (dd, J = 19.1, 4.7 Hz, 1H), −0.20 (s, 3H), −0.22 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 148.1, 143.6, 139.6, 137.7, 135.3, 133.6, 

133.3, 132.9, 132.1, 129.3, 129.1 (2C), 128.3, 126.4, 126.1, 125.8, 124.7, 121.9, 118.2 

(q, J = 320.2 Hz), −1.9, −2.0 ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.64 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C21H20F3O3SSi+ [M+H]+: 437.0849, found: 437.0853. 

HPLC-data: (Chiral MD column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, flow 

rate = 0.5 mL/min): tR = 11.1 (major), 12.9 (minor). 

(R)-3-(Dimethyl(vinyl)silyl)-2-(naphthalen-1-yl)phenyl trifluoromethanesulfonate 

(3agb) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 
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(69.5 mg, 62% yield, 88% ee). 

1H NMR (400 MHz, Chloroform-d) δ = 7.74 (d, J = 8.2 Hz, 2H), 7.66 (dd, J = 6.9, 1.8 

Hz, 1H), 7.53 – 7.47 (m, 2H), 7.47 – 7.42 (m, 1H), 7.40 – 7.35 (m, 1H), 7.26 – 7.25 (m, 

1H), 7.24 – 7.21 (m, 6H), 7.21 – 7.17 (m, 4H), 7.17 – 7.14 (m, 1H), 7.03 (dd, J = 7.0, 

1.1 Hz, 1H), 5.62 – 5.53 (m, 1H), 5.22 (d, J = 9.6 Hz, 2H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 148.4, 140.6, 140.5, 137.5, 136.2, 135.9 (2C), 

135.5 (2C), 134.9, 133.9, 133.7, 133.3, 133.1, 132.6, 132.5, 129.5, 129.4, 129.2, 129.0, 

128.1, 127.8 (2C), 127.7 (2C), 126.2, 125.8, 125.7, 124.6, 122.5, 118.2 (q, J = 320.1 

Hz) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.63 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C31H24F3O3SSi+ [M+H]+: 561.1162, found: 561.1249. 

HPLC-data: (Chiral OD-H column, λ = 254 nm, hexane/isopropanol = 99.5/0.5, flow 

rate = 0.5 mL/min): tR = 15.5 (minor), 15.6 (major). 

(R)-4''-(tert-Butyl)-6-(trivinylsilyl)-[1,1':2',1''-terphenyl]-2-yl trifluoro-

methanesulfonate (3cc) 

 

According to the general procedure, the title compound was isolated through column 

chromatography (silica gel, petroleum ether/ethyl acetate = 100:1) as a colorless oil 

(56.4 mg, 52% yield, 83% ee). 

1H NMR (500 MHz, Chloroform-d) δ = 7.65 (dd, J = 7.5, 1.0 Hz, 1H), 7.51 – 7.45 (m, 

1H), 7.41 (d, J = 7.2 Hz, 1H), 7.36 – 7.26 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 7.10 (d, J 

= 8.2 Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 6.03 (dd, J = 14.5, 3.7 Hz, 3H), 5.88 (dd, J = 

20.2, 14.5 Hz, 3H), 5.67 (dd, J = 20.2, 3.7 Hz, 3H), 1.26 (s, 9H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 149.6, 147.0, 141.6, 141.3, 140.0, 137.7, 

136.2, 135.9 (2C), 134.8, 133.6 (2C), 132.3, 130.0, 129.3, 129.0 (2C), 128.4, 126.5, 

124.7 (2C), 122.1, 118.3 (q, J = 320.8, Hz), 34.5, 31.4 (3C) ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.70 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C29H29F3NaO3SSi+ [M+Na]+: 565.1451, found: 

565.1462. 

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.8/0.2, flow 

rate = 0.5 mL/min): tR = 6.9 (major), 7.5 (minor).  
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Procedure for Synthesis of Compound 3ba on a 1.0 mmol Scale 

 

In a nitrogen-filled glove box, Ni(Py)4Cl2 (69 mg, 0.15 mmol 15 mol%), ligand L1 

(48mg, 0.2 mmol, 20 mol%), and Mn (165.0 mg, 3.0 mmol, 3.0 equiv) were added to a 

reaction tube equipped with a magnetic stir bar. Subsequently, a solution of the 

bis(triflates) 1b (526.0 mg, 1.0 mmol, 1.0 equiv) and the chlorosilane 2a (0.42 mL, 3.0 

mmol, 3.0 equiv) in dry DMA (5.0 mL, 0.2 M) was added to the reaction mixture. The 

reaction tube was sealed and removed from the glove box. The reaction was stirred at 

room temperature for 30 h before it was quenched by addition of water. The aqueous 

phase was extracted with ethyl acetate (3 × 20 mL), and the combined organic phases 

were washed with brine, dried over Na2SO4, filtered, and concentrated in vacuo. The 

crude materials were purified through column chromatography on silica gel (petroleum 

ether) to afford the desired product 3ba (357.1 mg, 75% yield, 91% ee).  
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Derivatizations of the Silylation Products 

 

To a solution of 3ca (51.8 mg, 0.1 mmol, 92% ee) in MeOH (0.3 mL) and 1,4-dioxane 

(0.6 mL) was added NaOH aqueous solution (2 N) at 0 ℃, slowly. The resulting 

mixture was stirred at 40℃ for 24 h. The mixture was filtered and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography 

(silica gel, petroleum ether/ethyl acetate = 20/1) to afford (R)-4''-(tert-butyl)-6-

(dimethyl(vinyl)silyl)-[1,1':2',1''-terphenyl]-2-ol (4) (35.5 mg, 92% yield, 84% ee) as a 

colorless oil. 

1H NMR (500 MHz, Chloroform-d) δ = 7.56 – 7.47 (m, 2H), 7.40 (td, J = 7.4, 1.6 Hz, 

1H), 7.30 (dd, J = 7.6, 1.1 Hz, 1H), 7.23 – 7.18 (m, 3H), 7.15 – 7.09 (m, 3H), 6.83 (dd, 

J = 8.0, 1.1 Hz, 1H), 5.93 – 5.75 (m, 2H), 5.47 (dd, J = 20.0, 4.0 Hz, 1H), 4.65 (s, 1H), 

1.26 (s, 9H), −0.06 (s, 6H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 152.3, 150.1, 141.7, 139.1, 138.8, 136.9, 

135.1, 133.4, 132.8, 131.5, 130.8, 129.4, 128.9 (2C), 128.5, 127.7, 127.6, 125.0 (2C), 

116.1, 34.5, 31.4 (3C), −1.5, −2.0 ppm. 

HRMS (ESI) m/z calculated for C26H31O3Si+ [M+H]+: 387.2133, found: 387.2131. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 95/5, flow 

rate = 0.5 mL/min): tR = 8.9 (minor), 10.2 (major). 

 

To a solution of 3ca (51.8 mg, 0.1 mmol, 92% ee) and NiCl2·dppp (2.7 mg, 0.005 mol, 

5 mol%) in ether was added MeMgBr (0.6 mmol, 0.2 mL, 3 M in THF, 6.0 equiv) 

dropwise under nitrogen flow at 0 ℃. The resulting mixture was stirred at 40 ℃ under 

nitrogen for 24 h. The mixture was filtered and concentrated under reduced pressure. 
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The crude product was purified by flash column chromatography (silica gel, petroleum 

ether) to afford (R)-(4''-(tert-butyl)-6-methyl-[1,1':2',1''-terphenyl]-2-yl)dimethyl-

(vinyl)silane (5) (31.1 mg, 81% yield, 85% ee) as a colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ = 7.49 – 7.44 (m, 2H), 7.44 – 7.41 (m, 1H), 7.35 

– 7.31 (m, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.18 – 7.14 (m, 3H), 7.08 – 7.03 (m, 3H), 6.02 

– 5.76 (m, 2H), 5.51 (dd, J = 20.1, 3.8 Hz, 1H), 1.73 (s, 3H), 1.26 (s, 9H), −0.02 (s, 

3H), −0.03 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 149.4, 147.3, 141.1, 140.3, 139.4, 138.1, 

135.8, 132.9, 131.3, 131.2, 130.7, 130.0, 129.1 (2C), 128.0 (2C), 126.7, 126.5, 124.7 

(2C), 34.5, 31.4 (3C), 20.6, −1.3, −1.8 ppm. 

HRMS (ESI) m/z calculated for C27H32NaSi+ [M+H]+: 407.2165, found: 407.2173. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.6/0.4, 

flow rate = 0.5 mL/min): tR = 8.4 (major), 8.9 (minor). 

 

To a solution of 3ca (51.8 mg, 0.1 mmol, 92% ee) in MeOH (2.0 mL) was added Pd/C 

(12.4 mg, 0.01 mmol) at 25 ℃. The resulting mixture was stirred at room temeperature 

in an atmosphere of hydrogen gas for 24 h. The mixture was filtered and concentrated 

under reduced pressure. The crude product was purified by flash column 

chromatography (silica gel, petroleum ether) to afford (R)-4''-(tert-butyl)-6-

(ethyldimethylsilyl)-[1,1':2',1''-terphenyl]-2-yl trifluoromethane-sulfonate (6) (51.5 mg, 

99% yield, 90% ee) as a colorless oil.  

1H NMR (500 MHz, Chloroform-d) δ = 7.60 (d, J = 7.3 Hz, 1H), 7.52 – 7.46 (m, 2H), 

7.41 – 7.32 (m, 2H), 7.28 (d, J = 7.5 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.0 

Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 1.27 (s, 9H), 0.86 (t, J = 7.9 Hz, 3H), 0.62 – 0.55 

(m, 2H), −0.04 (s, 3H), −0.07 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 149.7, 147.0, 143.4, 141.3, 140.9, 137.6, 

134.9, 134.7, 132.0, 130.1, 129.2, 128.9 (2C), 128.5, 126.5, 124.8 (2C), 121.5, 118.3 

(q, J = 320.1 Hz), 34.5, 31.4 (3C), 8.5, 7.6, −2.0, −2.4 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.75 (s, 3F) ppm. 
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HRMS (ESI) m/z calculated for C27H32F3O3SSi+ [M+H]+: 521.1788, found: 521.1804. 

HPLC-data: (Chiralpak IA column, λ = 254 nm, hexane/isopropanol = 99.8/0.2, flow 

rate = 0.5 mL/min): tR = 8.0 (major), 8.6 (minor). 

 

To a solution of 6 (51.5 mg, 0.1 mmol, 90% ee) in DCM (1.0 mL) was added ICl (0.2 

mmol, 1.0 M in DCM, 0.2 mL, 2.0 equiv) at 0 ℃, slowly. The resulting mixture was 

stirred at room temperature for 24 h. The mixture was filtered and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography 

(silica gel, petroleum ether) to afford (R)-4''-(tert-butyl)-6-iodo-[1,1':2',1''-terphenyl]-

2-yl trifluoromethanesulfonate (7) (37.5 mg, 67% yield, 87% ee) as a colorless oil. 

1H NMR (400 MHz, Chloroform-d) δ = 7.91 (dd, J = 7.9, 1.0 Hz, 1H), 7.55 – 7.49 (m, 

1H), 7.47 – 7.40 (m, 2H), 7.29 – 7.25 (m, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.12 (dd, J = 

8.3, 0.9 Hz, 1H), 7.09 – 7.04 (m, 2H), 7.01 (d, J = 8.2 Hz, 1H), 1.26 (s, 9H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 150.0, 146.0, 141.5, 140.4, 139.0, 137.5, 

136.4, 131.6, 130.30, 130.27, 129.5, 128.7 (2C), 127.0, 124.8 (2C), 121.2, 118.3 (q, J 

= 320.0 Hz), 103.1, 34.6, 31.4 (3C) ppm. 

19F NMR (376 MHz, Chloroform-d) δ = −74.75 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C23H20F3INaO3S
+ [M+Na]+: 583.0022, found: 

583.0021. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.8/0.2, 

flow rate = 0.5 mL/min): tR = 15.4 (major), 17.3 (minor). 
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To a solution of 3ca (51.8 mg, 0.1 mmol, 92% ee) and styrene (104 mg, 1.0 mmol, 10 

equiv) in DCM was added Grubbs II (16 mg, 20 mol%). The resulting mixture was 

stirred at 40 ℃ under nitrogen for 24 h. The mixture was filtered and concentrated 

under reduced pressure. The crude products were purified by flash column 

chromatography (silica gel, petroleum ether) to afford (R,E)-4''-(tert-butyl)-6-

(dimethyl(styryl)silyl)-[1,1':2',1''-terphenyl]-2-yl trifluoromethanesulfonate (8) (26.1 

mg, 44% yield, 87% ee) as a colorless oil. 

1H NMR (500 MHz, Chloroform-d) δ = 7.66 (d, J = 7.5 Hz, 1H), 7.49 – 7.41 (m, 2H), 

7.39 – 7.34 (m, 2H), 7.34 – 7.28 (m, 5H), 7.24 (d, J = 6.9 Hz, 1H), 7.16 (d, J = 8.4 Hz, 

2H), 7.10 (d, J = 8.2 Hz, 1H), 6.99 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 19.1 Hz, 1H), 6.22 

(d, J = 19.1 Hz, 1H), 1.25 (s, 9H), 0.18 (s, 3H), 0.17 (s, 3H) ppm. 

13C NMR (126 MHz, Chloroform-d) δ = 149.6, 147.0, 144.9, 142.9, 141.5, 140.9, 

138.2, 137.6, 135.2, 134.6, 132.2, 130.2, 129.3 (2C), 128.9 (2C), 128.61, 128.59, 128.3, 

127.3, 126.7 (2C), 126.5, 124.7 (2C), 121.7, 118.3 (q, J = 320.0 Hz), 34.5, 31.4 (3C), 

−0.8, −1.6 ppm. 

19F NMR (471 MHz, Chloroform-d) δ = −74.71 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C33H33F3NaO3SSi+ [M+Na]+: 617.1764, found: 

617.1762. 

HPLC-data: (Chiralpak AD-H column, λ = 254 nm, hexane/isopropanol = 99.7/0.3, 

flow rate = 0.5 mL/min): tR = 16.9 (minor), 19.0 (major). 
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Step 1: To a solution of 3ba (103.6 mg, 0.2 mmol, 91% ee) and NiCl2·dppp (5.4 mg, 

0.01 mol, 5 mol%) in ether was added MeMgBr (1.2 mmol, 0.4 mL, 3M in THF, 6.0 

equiv) dropwise under nitrogen flow at 0 ℃. The resulting mixture was stirred at 40 ℃ 

under nitrogen for 24 h. The mixture was filtered and concentrated under reduced 

pressure to afford the crude product 3ba1 which can be directly used for the next step. 

Step 2: To a solution of the crude product of the previous step in MeOH (4.0 mL) was 

added Pd/C (24.8 mg, 0.02 mmol) at room temperature. The resulting mixture was 

stirred at room temperature under an atmosphere of hydrogen gas for 24 h. The mixture 

was filtered and concentrated under reduced pressure to afford the crude product 3ba2 

which can be directly used for the next step.  

Step 3: To a solution of the crude product of the previous step in DCM (2.0 mL) was 

added ICl (0.4 mmol, 1.0 M in DCM, 0.4 mL, 2.0 equiv) at 0 ℃, slowly. The resulting 

mixture was stirred at room temperature for 24 h. After the mixture was passed through 

a short pad of silica gel, the filtrated was concentrated under reduced pressure, to afford 

the crude product 3ba3, which was directly used for the next step.  

Step 4: The crude 3ba3 was dissolved in dry THF (1 mL) at room temperature under 

nitrogen atmosphere. Subsequently, n-Buli (0.12 mL, 2.5 M in hexane, 0.3 mmol, 1.5 

equiv) was added dropwise to the reaction mixture by syringe at ‒78 ℃. After stirring 

for 30 min at ‒78 ℃, chlorodiphenylphosphine (77.2 mg, 0.35 mmol) in THF (0.5 mL) 

was added dropwise to the reaction mixture. The reaction was allowed to warm up to 

room temperature and stirred overnight. The mixture was filtered through a pad of celite 

and concentrated under reduced pressure. The crude product was purified by flash 

column chromatography (silica gel, petroleum ether/ethyl acetate = 20/1) to afford (R)-

(4'',6-dimethyl-[1,1':2',1''-terphenyl]-2-yl)diphenylphosphane (9) (11.5 mg, 26 % yield 

over 4 steps, 86% ee) as a colorless oil. 
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1H NMR (400 MHz, Chloroform-d) δ = 7.45 (d, J = 6.7 Hz, 1H), 7.39 (t, J = 7.0 Hz, 

1H), 7.30 – 7.26 (m, 3H), 7.23 – 7.14 (m, 5H), 7.15 – 7.08 (m, 5H), 6.96 (d, J = 7.8 Hz, 

2H), 6.89-6.83 (m, 3H), 6.74 (d, J = 6.8 Hz, 1H), 2.29 (s, 3H), 1.98 (s, 3H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 147.4 (d, J = 32.7 Hz), 145.6, 140.6 (d, J = 

1.8 Hz), 138.9, 138.8, 138.7, 136.8 (d, J = 6.4 Hz), 136.1, 134.1 (d, J = 20.1 Hz, 2C), 

133.2 (d, J = 18.8 Hz, 2C), 132.1 (d, J = 1.5 Hz), 131.2 (d, J = 2.9 Hz), 130.7, 130.1, 

129.4 (d, J = 1.9 Hz, 2C), 128.5, 128.4 (3C), 128.3 (d, J = 7.2 Hz, 2C), 128.2 (d, J = 

5.8 Hz, 2C), 127.9, 127.8, 127.4, 126.5, 29.9, 21.2 ppm. 

31P NMR (162 MHz, Chloroform-d) δ = –13.8 ppm. 

HRMS (ESI) m/z calculated for C32H28P [M+H]+: 443.1923, found: 443.1928. 

HPLC-data: (Chiralcel OD-H column, λ = 254 nm, hexane/isopropanol = 99.3/0.7, 

flow rate = 0.8 mL/min): tR = 7.8 (major), 9.6 (minor). 
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Preliminary Mechanistic Studies 

Synthesis of [Ni(II)Cl(Py)3•L1]Cl 

 

To a solution of (R)-N-(2-hydroxy-1-phenylethyl) picolinamide (L1) (484.2 mg, 2.0 

mmol, 1.0 equiv) in tetrahydrofuran (10 mL) was added Ni(Py)4Cl2 (0.920 g, 2.0 mmol, 

1.0 equiv). After stirring at room temperature for 24 h, the reaction mixture was filtered 

and dried in vacuo to give [Ni(II)Cl(Py)3•L1]Cl as a blue solid (0.853 g, 70%). The 

structure of [Ni(II)Cl(Py)3•L1]Cl was determined by X-ray crystal structure analysis.  

Catalytic reactivity of [Ni(II)Cl(Py)3•L1]Cl 

 

In a nitrogen-filled glove box, [Ni(II)Cl(Py)3•L1]Cl (18.2 mg, 0.03 mmol. 15 mol%) 

and Mn (33.0 mg, 0.6 mmol, 3.0 equiv) were added to a reaction tube equipped with a 

magnetic stir bar. Subsequently, a solution of the bis(triflate) 1a (105.0 mg, 0.2 mmol, 

1.0 equiv) and chlorodimethyl(vinyl)silane (2a) (72.4 mg, 0.6 mmol, 3.0 equiv) in dry 

DMA (1.0 mL, 0.2 M) was added to the reaction mixture. The reaction tube was sealed 

and removed from the glove box. The reaction was stirred at room temperature for 24 

h before it was quenched by addition of water. The aqueous phase was extracted with 

ethyl acetate (3 × 20 mL), and the combined organic phases were washed with brine, 

dried over Na2SO4, filtered, and concentrated in vacuo. The crude materials were 

purified through column chromatography on silica gel (petroleum ether) to afford the 

product 3aa (65.9 mg, 72% yield, 89% ee).  
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Stoichiometric reaction with Ni(COD)2  

 

In a nitrogen-filled glove box, Ni(COD)2 (28.0 mg, 0.1 mmol, 1.0 equiv) and ligand L1 

(36.4 mg, 0.15 mmol, 1.5 equiv) were added to a reaction tube equipped with a magnetic 

stir bar. Subsequently, a solution of 1ab (52.6 mg, 0.1 mmol, 1.0 equiv) in dry DMA 

(1.0 mL, 0.2 M) was added to the reaction mixture. The reaction tube was sealed and 

removed from the glove box. The reaction was stirred at room temperature for 24 h and 

then quenched with water. The aqueous phase was extracted with ethyl acetate (3 × 20 

mL), and the combined organic phases were washed with brine, dried over Na2SO4, 

filtered, and concentrated in vacuo. The crude materials were purified through column 

chromatography on silica gel (petroleum ether) to give 4'-(tert-butyl)-[1,1':2',1''-

terphenyl]-2-yl trifluoromethanesulfonate (10) (18.2 mg, 42% yield) as a colorless oil.   

1H NMR (400 MHz, Chloroform-d) δ = 7.48 – 7.43 (m, 2H), 7.37 – 7.32 (m, 2H), 7.32 

– 7.28 (m, 2H), 7.23 – 7.18 (m, 3H), 7.16 – 7.08 (m, 3H), 1.39 (s, 9H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ = 152.1, 146.9, 141.6, 141.4, 135.5, 133.1, 

131.03, 130.96, 129.6 (2C), 128.8, 128.1, 127.9 (2C), 127.5, 126.8, 124.4, 121.7, 118.4 

(q, J = 320.5 Hz), 34.9, 31.5 (3C) ppm.  

19F NMR (376 MHz, Chloroform-d) δ = −74.53 (s, 3F) ppm. 

HRMS (ESI) m/z calculated for C23H22F3O3S
+ [M+H]+: 435.1236, found: 435.1242.  

Cyclic Voltammetry Experiments 

The following experiments were conducted on an electrochemical workstation CHI 

760D. A glassy carbon working electrode (0.07 cm2) was employed alongside a 

platinum flag counter electrode and an Ag/AgCl (KCl sat.) reference electrode. The 

distance between the working and reference electrode was 1 cm. The first scan is shown 

in the following section and the main text unless otherwise specified. 
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1. CV of [Ni(II)Cl(Py)3•L1]Cl  

 

Voltammogram of 1 mM [Ni(II)Cl(Py)3•L1]Cl in DMA with 0.1 M TBAPF6 supporting 

electrolyte, ν = 100 mV/s. 

Non-Linear Effect Study  

 

In a nitrogen-filled glove box, NiCl2(Py)4 (13.8 mg, 0.03 mmol. 15 mol%), ligand L1 

(9.7 mg, 0.04 mmol, 20 mol%) with different enantiomeric excesses (17, 44, 61, 82, 

100% ee) and Mn (33.0 mg, 0.6 mmol, 3.0 equiv) were added to a reaction tube 

equipped with a magnetic stir bar. Subsequently, a solution of the bis(triflate) 1a (105.0 

mg, 0.2 mmol, 1.0 equiv) and chlorodimethyl(vinyl)silane (2a) (72.4mg, 0.6 mmol, 3.0 

equiv) in dry DMA (1.0 mL, 0.2 M) was added to the reaction mixture. The reaction 

tube was sealed and removed from the glove box. The reaction was stirred at room 

temperature for 24 h. After completion, the crude materials were purified through 

column chromatography on silica gel (petroleum ether) to give the product 3aa and the 

ee values were determined by HPLC on a chiral stationary phase. 
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ee of L1 (%) 0 17 44 61 82 100 

ee of 3aa (%) 0 15 39 56 73 90 
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Crystal Data and Structural Refinement  

2.1 X-ray structure of the 3aba 

CCDC 2452324 contains the supplementary crystallographic data for the compound 

3aba. These data can be obtained free of charge from the Cambridge Crystallographic 

Data Centre. 

 

Identification code  250121cz 

Empirical formula  C54 H58 F6 O6 S2 Si2 

Formula weight  1037.30 

Temperature  170.00 K 

Wavelength  1.34139 Å 

Crystal system  Monoclinic 

Space group  P 1 21 1 

Unit cell dimensions a = 9.7587(16) Å a= 90°. 

b = 14.161(3) Å b= 102.373(9)°. 

c = 9.8462(15) Å g = 90°. 

Volume 1329.0(4) Å3 

Z 1 

Density (calculated) 1.296 Mg/m3 

Absorption coefficient 1.254 mm-1 

F(000) 544 

Crystal size 0.17 x 0.17 x 0.05 mm3 

Theta range for data collection 3.999 to 55.089°. 

Index ranges -11≤h≤10, -15≤k≤17, -11≤l≤11 

Reflections collected 12173 
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Independent reflections 4670 [R(int) = 0.0774] 

Completeness to theta = 53.594° 98.9 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.1796 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4670 / 1 / 321 

Goodness-of-fit on F2 1.075 

Final R indices [I>2sigma(I)] R1 = 0.0590, wR2 = 0.1538 

R indices (all data) R1 = 0.0616, wR2 = 0.1598 

Absolute structure parameter 0.031(18) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.606 and -0.465 e.Å-3 

Flack parameter 0.031(18) 

2.1 Synthesis and X-ray structure of the complex  

To a solution of (R)-N-(2-hydroxy-1-phenylethyl) picolinamide (L1) (484.2 mg, 2.0 

mmol) in tetrahydrofuran (10 mL) was added Ni(Py)4Cl2 (0.920 g, 2.0 mmol). The 

mixture was stirred at 25 °C for 24 h. The reaction mixture was filtered and dried in 

vacuo to give the blue solid (0.853 g, 70%). 

CCDC 2452325 contains the supplementary crystallographic data for 

[Ni(II)Cl(Py)3•L1]Cl. These data can be obtained free of charge from the Cambridge 

Crystallographic Data Centre. 

 

Identification code  240912cz 

Empirical formula  C29 H29 Cl2 N5 Ni O2 

Formula weight  609.18 
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Temperature  170.00 K 

Wavelength  1.34139 Å 

Crystal system  Orthorhombic 

Space group  P212121 

Unit cell dimensions a = 9.06990(10) Å a= 90°. 

 b = 17.0862(3) Å b= 90°. 

 c = 19.4067(3) Å g = 90°. 

Volume 3007.46(8) Å3 

Z 4 

Density (calculated) 1.345 Mg/m3 

Absorption coefficient 4.785 mm-1 

F(000) 1264 

Crystal size 0.17 x 0.17 x 0.05 mm3 

Theta range for data collection 2.998 to 54.913°. 

Index ranges -11<=h<=8, -20<=k<=20, -23<=l<=18 

Reflections collected 26975 

Independent reflections 5561 [R(int) = 0.0592] 

Completeness to theta = 53.594° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.5172 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5561 / 0 / 358 

Goodness-of-fit on F2 1.091 

Final R indices [I>2sigma(I)] R1 = 0.0419, wR2 = 0.1053 

R indices (all data) R1 = 0.0528, wR2 = 0.1111 

Absolute structure parameter 0.037(7) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.795 and -0.518 e.Å-3 

Flack parameter 0.037(7) 
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1H-,13C-, 19F and 31P-NMR Spectra 
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