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1. General Information: 

NMR spectra were recorded on Bruker-400 MHz NMR spectrometer (400 MHz 

for 1H and 101 MHz for 13C {1H, 13C decoupled}). Or Bruker-500 MHz NMR 

spectrometer (500 MHz for 1H and 126 MHz for 13C {1H, 13C decoupled}). 1H NMR 

chemical shifts were determined relative to internal (CH3)4Si (TMS) at δ 0.0 or at the 

signal of a residual protonated solvent: CDCl3 δ 7.26. 13C NMR chemical shifts were 

determined relative to CDCl3 δ 77.16. Data for 1H, 13C NMR are recorded as follows: 

chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, 

q = quartet, br = broad). High resolution mass spectra were recorded on P-SIMS-Gly 

of Bruker Daltonics Inc. using ESI-TOF (electrospray ionization-time of flight) or 

Micromass GCT using EI (electron impact). HPLC analysis was performed on 

Shimadzu LC-20AT. Chiral column ID, IB, IF, AD-H, AS-H, AD-3 and OD-H were 

purchased from Daicel Chemical Industries, LTD. Palladium acetate was purchased 

from Strem, and used as received. Silver carbonate, phenoborate borate alcohol ester, 

acrylic ester, potassium bicarbonate, p-benzoquinone, potassium hydroxide, 

iodomethane and N-protected amino acids were obtained from Adamas, Darui 

Finechamical, Energy Chemical, and Sinopharm, and used as received. Solvents were 

obtained from Sinopharm and Qinba Chemie, and used as received. 
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2. Tables of the Optimization of Reaction Conditions 

Table S1. Temperture Screening of Pd catalyzed C-H arylationa,b,c 

 

Table S2. Ligand screening of Pd catalyzed C-H arylation a,b,c 
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Table S3. Base Screening of Pd catalyzed C-H arylation a,b,c 

 

Table S4. Solvent Screening of Pd catalyzed C-H arylation a,b,c 
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Table S5. Oxidant Screening of Pd catalyzed C-H arylation a,b,c 

 

 

Table S6. Ligand Screening of Pd catalyzed C-H olefination a,b,c 
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 Table S7. Solvent Screening of Pd catalyzed C-H olefination a,b,c 

 

 Table S8. Ligand Screening of Pd catalyzed C-H olefination a,b,c 
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Table S9. Base Screening of Pd catalyzed C-H olefination a,b,c 

 

Table S10. Modification of the condition of Pd catalyzed C-H olefination a,b,c 
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3. Experimental Section  

3.1 General Procedure for Synthesis of Starting Materials [1], [2] 

 

To a 100 mL dried round bottom flask was charged with S1 (5.5 mmol, 1.1 equiv), S2 

(5 mmol, 1.0 equiv), Pd(PPh3)4 (5 mol%), Na2CO3 (10 mmol, 2.0 equiv), DME (30 mL), 

H2O (10 mL). The mixture was stirred at 110 ℃ overnight. After cooling to room 

temperature, the reaction was diluted with EtOAc, and quenched with H2O, then 

extracted with EtOAc for three times. The combined organic layer was collected and 

dried over anhydrous Na2SO4. After filtration, the solvent was then evaporated under 

reduced pressure and the cinnamaldehyde derivatives were obtained via flash column 

chromatography (petroleum ether/ethyl acetate = 20:1). 

To a solution of cinnamaldehyde (4 mmol) in tBuOH (1.5 M) were added a solution of 

NaH2PO4 (5.0 equiv) and NaClO2 (3.7 equiv) in water, and followed by 2-methyl-2-

butene (9.0 equiv). The reaction mixture was stirred at room temperature for 4 hours. 

After full conversion of aldehyde, monitored by TLC, saturated NH4Cl was added and 

the reaction mixture was extracted with EtOAc for three times. The combined organic 

layer was dried over anhydrous Na2SO4. After filtration, the solvent was then 

evaporated under reduced pressure and 1a-1m was afford via flash column 

chromatography (DCM/MeOH = 100:1). 

 

(E)-2-(naphthalen-1-yl)-3-phenylacrylic acid (1a) 

 

1H NMR (500 MHz, CDCl3) δ 8.18 (s, 1H), 7.89 (d, J = 7.9 Hz, 2H), 7.79 (d, J = 8.4 

Hz, 1H), 7.47 (m, 2H), 7.42 (m, 1H), 7.32 (dd, J = 7.0, 1.0 Hz, 1H), 7.18 – 7.12 (m, 
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1H), 7.04 (t, J = 7.8 Hz, 2H), 6.94 (d, J = 7.4 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 

173.0, 144.1, 134.2, 133.9, 133.4, 131.9, 130.9, 129.92, 129.87, 128.8, 128.7, 128.5, 

127.3, 126.7, 126.3, 125.9, 125.1. HRMS (ESI) calcd. for C19H15O2[M+H]+: 275.1072, 

found: 275.1074. 

 

(E)-3-phenyl-2-(o-tolyl) acrylic acid (1b) 

 

1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.35 – 7.26 (m, 2H), 7.25 – 7.14 (m, 4H), 

7.10 (d, J = 7.7 Hz, 1H), 7.02 (d, J = 7.4 Hz, 2H), 2.16 (s, 3H);13C NMR (101 MHz, 

CDCl3) δ 173.2, 142.6, 136.6, 135.1, 134.4, 130.9, 130.6, 130.4, 129.8, 129.46, 128.5, 

128.4, 126.4, 19.6. HRMS (ESI) calcd. for C16H15O2[M+H]+: 239.1072, found: 

239.1082. 

 

(E)-2-(2-ethylphenyl)-3-phenylacrylic acid (1c) 

 

1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.42 – 7.30 (m, 2H), 7.26 – 7.19 (m, 2H), 

7.16 (t, J = 7.5 Hz, 2H), 7.09 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 7.6 Hz, 2H), 2.50 (ddq, J 

= 29.7, 14.9, 7.4 Hz, 2H), 1.09 (t, J = 7.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 173.1, 

142.6, 142.4, 134.6, 134.3, 130.9, 130.8, 129.8, 129.6, 128.6, 128.6, 128.4, 126.5, 26.2, 

14.6. HRMS (ESI) calcd. for C17H16O2Na[M+Na]+: 275.1048, found: 275.1037. 

 

(E)-2-(2-isopropylphenyl)-3-phenylacrylic acid (1d) 

 

 

1H NMR (500 MHz, CDCl3) δ 7.98 (s, 1H), 7.41 (d, J = 4.2 Hz, 2H), 7.27 – 7.19 (m, 
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2H), 7.16 (t, J = 7.6 Hz, 2H), 7.08 (d, J = 7.6 Hz, 1H), 7.02 (d, J = 7.4 Hz, 2H), 2.89 

(hept, J = 6.8 Hz, 1H), 1.20 (d, J = 6.8 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H); 13C NMR 

(126 MHz, CDCl3) δ 173.4, 147.2, 142.7, 134.3, 133.8, 131.0, 130.9, 129.7, 129.4, 

128.8, 128.3, 126.4, 126.0, 30.8, 23.9, 23.8. HRMS (ESI) calcd. for C18H19O2[M+H]+: 

267.1385, found: 267.1371. 

 

(E)-2-(2-chlorophenyl)-3-phenylacrylic acid (1e) 

 

1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H), 7.49 (dd, J = 8.0, 1.1 Hz, 1H), 7.34 (td, J 

= 7.7, 1.8 Hz, 1H), 7.29 – 7.27 (m, 1H), 7.25 - 7.23 (m, 1H), 7.22 – 7.15 (m, 3H), 7.09 

– 7.03 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 172.0, 143.6, 134.8, 134.3, 134.0, 131.2, 

130.5, 129.9, 129.8, 129.7, 129.1, 128.5, 127.3. HRMS (ESI) calcd. for 

C15H12ClO2[M+H]: 259.0526, found: 259.0522. 

 

(E)-3-phenyl-2-(2-(trifluoromethyl)phenyl)acrylic acid (1f) 

 

1H NMR (500 MHz, CDCl3) δ 8.00 (s, 1H), 7.78 (d, J = 7.7 Hz, 1H), 7.58 (t, J = 7.3 

Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.32 – 7.21 (m, 2H), 7.16 (t, J = 7.6 Hz, 2H), 6.96 (d, 

J = 7.5 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 172.4, 143.3, 134.6, 133.7, 132.4, 

131.6, 130.9, 123.0, 129.4 (q, J = 30.2 Hz), 128.8, 128.5, 128.4, 126.8 (q, J = 4.9 Hz), 

123.9 (q, J = 274.3 Hz); 19F NMR (471 MHz, CDCl3) δ -60.7; HRMS (ESI) calcd. for 

C16H12F3O2[M+H]+: 293.0789, found: 293.0779. 

 

(E)-2-([1,1'-biphenyl]-2-yl)-3-phenylacrylic acid (1g) 
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1H NMR (500 MHz, DMSO-d6) δ 7.59 (s, 1H), 7.48 (t, J = 7.5 Hz, 1H), 7.44 – 7.35 (m, 

2H), 7.28 – 7.21 (m, 4H), 7.19 (t, J = 7.4 Hz, 3H), 7.17 – 7.11 (m, 2H), 7.00 (d, J = 7.6 

Hz, 2H); 13C NMR (126 MHz, DMSO-d6) δ 168.7, 141.5, 141.3, 139.8, 135.5, 134.9, 

133.5, 130.7, 130.5, 129.7, 128.8, 128.6, 128.4, 128.3, 127.4. HRMS (ESI) calcd. for 

C21H17O2[M+H]+: 301.1229, found: 301.1238. 

 

(E)-2-(2-(methoxymethyl)phenyl)-3-phenylacrylic acid (1h) 

 

1H NMR (500 MHz, CDCl3) δ 7.96 (s, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.41 (td, J = 7.5, 

1.3 Hz, 1H), 7.33 (td, J = 7.5, 1.4 Hz, 1H), 7.27 – 7.20 (m, 1H), 7.19 – 7.10 (m, 3H), 

7.06 – 6.99 (m, 2H), 4.32 (dd, J = 86.9, 12.5 Hz, 2H), 3.25 (s, 3H).13C NMR (126 MHz, 

CDCl3) δ 173.0, 142.3, 136.7, 134.4, 134.1, 130.7, 130.1, 129.8, 129.8, 128.4, 128.2, 

72.6, 58.2. HRMS (ESI) calcd. for C17H16O3Na[M+Na]+: 291.0997, found: 291.0998. 

 

(E)-2-(2,3-dimethylphenyl)-3-phenylacrylic acid (1i) 

 

1H NMR (500 MHz, CDCl3) δ 7.96 (s, 1H), 7.22 (d, J = 7.2 Hz, 1H), 7.17 (q, J = 7.2 

Hz, 3H), 7.11 (t, J = 7.5 Hz, 1H), 7.03 (d, J = 7.7 Hz, 2H), 6.94 (d, J = 7.5 Hz, 1H), 

2.31 (s, 3H), 2.09 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 173.3, 142.3, 137.3, 135.2, 

135.1, 134.5, 131.7, 130.8, 123.0, 129.7, 128.4, 127.1, 126.1, 20.6, 16.3. HRMS (ESI) 

calcd. for C17H17O2[M+H]: 253.1229, found: 253.1230. 

 

(E)-2-(4-methoxy-2-methylphenyl)-3-phenylacrylic acid (1j) 
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1H NMR (500 MHz, CDCl3) δ 7.96 (s, 1H), 7.27 – 7.22 (m, 1H), 7.18 (t, J = 7.6 Hz, 

2H), 7.06 (d, J = 7.8 Hz, 2H), 7.01 (d, J = 8.3 Hz, 1H), 6.83 (d, J = 2.6 Hz, 1H), 6.77 

(dd, J = 8.4, 2.7 Hz, 1H), 3.83 (s, 3H), 2.13 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

173.4, 159.5, 142.8, 138.2, 134.6, 130.63, 130.58, 129.7, 128.5, 127.3, 116.0, 111.8, 

55.2, 19.9. HRMS (ESI) calcd. for C17H17O3[M+H]+: 269.1178, found: 269.1182. 

 

(E)-2-(4-methylnaphthalen-1-yl)-3-phenylacrylic acid (1k) 

 

1H NMR (500 MHz, CDCl3) δ 8.16 (s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.3 

Hz, 1H), 7.54 – 7.48 (m, 1H), 7.46 – 7.38 (m, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.20 (d, J 

= 7.1 Hz, 1H), 7.14 (t, J = 7.3 Hz, 1H), 7.04 (t, J = 7.7 Hz, 2H), 6.96 (d, J = 7.6 Hz, 

2H), 2.73 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 173.3, 143.8, 135.1, 134.2, 132.9, 

131.8, 131.5, 130.8, 130.1, 129.7, 128.4, 126.9, 126.7, 126.2, 126.0, 125.5, 124.7, 19.7. 

HRMS (ESI) calcd. for C20H17O2[M+H]+: 289.1229, found: 289.1225. 

 

(E)-3-phenyl-2-(4-phenylnaphthalen-1-yl)acrylic acid (1l) 

 

1H NMR (500 MHz, CDCl3) δ 8.23 (s, 1H), 8.02 – 7.91 (m, 1H), 7.91 – 7.78 (m, 1H), 

7.59 – 7.54 (m, 2H), 7.50 (t, J = 7.5 Hz, 2H), 7.48 – 7.39 (m, 4H), 7.36 (d, J = 7.2 Hz, 

1H), 7.22 – 7.16 (m, 1H), 7.09 (t, J = 7.8 Hz, 2H), 7.02 (d, J = 7.4 Hz, 2H); 13C NMR 
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(126 MHz, CDCl3) δ 172.9, 144.1, 140.8, 140.6, 134.0, 132.8, 132.1, 131.9, 130.8, 

130.2, 129.8, 129.8, 128.4, 128.3, 127.3, 126.9, 126.7, 126.7, 126.4, 126.2, 125.2. 

HRMS (ESI) calcd. for C25H19O2[M+H]+: 351.1385, found: 351.1375. 

 

(E)-3-phenyl-2-(pyren-1-yl)acrylic acid (1m) 

 

1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 8.22 – 8.17 (m, 2H), 8.15 (d, J = 7.6 Hz, 

1H), 8.13 – 8.06 (m, 2H), 8.00 (m, 3H), 7.83 (d, J = 7.8 Hz, 1H), 7.08 (t, J = 7.3 Hz, 

1H), 6.95 (t, J = 7.8 Hz, 2H), 6.87 (d, J = 7.6 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 

172.9, 144.3, 134.1, 131.4, 131.3, 131.1, 130.9, 130.5, 130.1, 129.8, 129.4, 128.4, 128.2, 

127.8, 127.5, 127.4, 126.1, 125.4, 125.3, 125.3, 125.0, 124.9, 124.4. HRMS (ESI) calcd. 

for C25H16O2Na[M+Na]+: 371.1048, found: 371.1036. 

 

3.2 General Procedure for Pd(II)-catalyzed Asymmetric C-H Arylation  

A sealed tube with magnetic stir bar was charged with substrate (0.2 mmol), 

phenylboronic acid pinacol ester (0.4 mmol), Pd(OAc)2 (10 mol%, 4.5 mg), Boc-L-tert-

leucine (0.04 mmol, 9.2 mg), Ag2CO3(0.3 mol, 82.7 mg), BQ (0.1 mmol, 10.8 mg), 

KHCO3 (0.4 mmol, 40 mg), H2O 72 μL and tAmylOH 1 mL as solvent in air. The 

reaction mixture was stirred at 40 ℃ for 72 hours. Upon completion, the reaction was 

diluted with ethyl acetate, and filtered through a plug of Celite. The solvent was 

concentrated in vacuo and then the obtained slurry was dissolved in DMF (5 mL), 

treated with MeI (0.3 mmol, 19 μL) and K2CO3 (0.4 mmol, 55.6 mg). The reaction 

mixture was stirred for 2 hours at room temperature. Then the mixture was diluted with 

ethyl acetate 20 (mL) and washed with water. The organic layer was concentrated in 

vacuo and purified by flash chromatography (petroleum ether/ethyl acetate = 60:1 to 

40:1) to afford the product. 

 

methyl (E)-4-(1-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)naphthalene -2-yl) 

benzoate (3aa) 
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The product 3aa was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (74% yield). 1H NMR (500 MHz, CDCl3) δ 8.00 – 7.92 

(m, 2H), 7.91 – 7.85 (m, 3H), 7.83 (d, J = 8.4 Hz, 1H), 7.55 – 7.50 (m, 1H), 7.49 – 7.41 

(m, 2H), 7.14 (t, J = 7.4 Hz, 1H), 7.12 – 7.06 (m, 2H), 7.02 (t, J = 7.7 Hz, 2H), 6.78 – 

6.71 (m, 2H), 3.90 (s, 3H), 3.64 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.4, 167.1, 

146.5, 143.3, 138.1, 134.4, 133.1, 131.9, 131.4, 130.2, 129.4, 129.1, 129.0, 128.8, 128.7, 

128.50, 128.46, 128.3, 127.8, 127.2, 126.4, 125.4, 52.4, 52.1. HRMS (ESI) calcd. for 

C28H23O4[M+H]+: 423.1596, found: 423.1606. [α]D
20 = -42.3 (c = 0.25, CHCl3), HPLC 

chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 

12.8 min (major), 10.7 min (minor), 97% ee. 

 

methyl (E)-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-3'-methyl-[1,1'-biphenyl] 

-4-carboxylate (3ba) 

 

The product 3ba was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (57% yield). 1H NMR (500 MHz, CDCl3) δ 7.85 – 7.80 

(m, 2H), 7.64 (s, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.35 – 7.30 (m, 1H), 7.26 – 7.21 (m, 1H), 

7.19 – 7.12 (m, 3H), 7.05 – 7.00 (m, 2H), 6.90 – 6.83 (m, 2H), 3.88 (s, 3H), 3.69 (s, 

3H), 2.18 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.1, 167.1, 146.5, 141.7, 141.0, 

137.2, 134.7, 134.0, 130.1, 130.0, 129.9, 129.5, 128.9, 128.6, 128.5, 128.4, 128.2, 127.7, 

52.4, 52.1, 20.1. HRMS (ESI) calcd. for C25H22O4[M+Na]+: 409.1416, found: 409.1407. 

[α]D
20 = -124.6 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in 

hexanes, 1.0 mL/min, λ = 254 nm), tR = 9.5 min (major), 7.2 min (minor), 94% ee. 

 

methyl (E)-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-3'-methyl-[1,1'-biphenyl] 

-4-carboxylate (3ca) 
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The product 3ca was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (65% yield). 1H NMR (500 MHz, CDCl3) δ 7.84 – 7.79 

(m, 2H), 7.64 (s, 1H), 7.48 – 7.41 (m, 1H), 7.38 (dd, J = 7.8, 1.3 Hz, 1H), 7.25 – 7.20 

(m, 1H), 7.18 – 7.11 (m, 3H), 7.04 – 7.00 (m, 2H), 6.88 – 6.83 (m, 2H), 3.88 (s, 3H), 

3.69 (s, 3H), 2.52 (ddt, J = 41.9, 14.8, 7.4 Hz, 2H), 1.11 (t, J = 7.6 Hz, 3H); 13C NMR 

(126 MHz, CDCl3) δ 168.3, 167.1, 146.6, 142.9, 141.9, 140.9, 134.7, 133.4, 130.2, 

129.8, 129.5, 128.9, 128.6, 128.5, 128.4, 128.3, 128.2, 127.7, 52.3, 52.1, 26.4, 14.6. 

HRMS (ESI) calcd. for C26H24O4Na[M+Na]+: 423.1572, found: 423.1567. [α]D
20 = -

47.6 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 

1.0 mL/min, λ = 254 nm), tR = 7.8 min (major), 6.9 min (minor), 98% ee. 

 

methyl (E)-3'-isopropyl-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-[1,1'-

biphenyl]-4-carboxylate (3da) 

 

The product 3da was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (81% yield). 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.75 

(m, 2H), 7.62 (s, 1H), 7.51 – 7.41 (m, 2H), 7.23 – 7.18 (m, 1H), 7.17 – 7.10 (m, 3H), 

7.06 – 6.97 (m, 2H), 6.87 – 6.78 (m, 2H), 3.87 (s, 3H), 3.71 (s, 3H), 2.92 (p, J = 6.8 Hz, 

1H), 1.19 (d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.8 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 

168.4, 167.1, 147.8, 146.8, 141.9, 140.8, 134.7, 132.7, 130.4, 129.9, 129.5, 128.8, 128.6, 

128.3, 128.3, 127.7, 125.6, 52.3, 52.1, 30.9, 24.0, 23.8. HRMS (ESI) calcd. for 

C27H27O4[M+H]+: 415.1909, found: 415.1906. [α]D
20 = -77.6 (c = 0.25, CHCl3), HPLC 

chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 

6.3 min (major), 6.0 min (minor), 98% ee. 

 

methyl (E)-3'-chloro-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-[1,1'-biphenyl] 
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-4-carboxylate (3ea) 

 

The product 3ea was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (61% yield). 1H NMR (500 MHz, CDCl3) δ 7.83 – 7.78 

(m, 2H), 7.62 (s, 1H), 7.54 (dd, J = 8.1, 1.2 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 7.26 – 

7.21 (m, 1H), 7.18 (dd, J = 7.6, 1.2 Hz, 1H), 7.15 – 7.10 (m, 2H), 6.94 – 6.88 (m, 2H), 

6.79 – 6.74 (m, 2H), 3.90 (s, 3H), 3.78 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.5, 

166.9, 145.0, 142.9, 142.5, 135.2, 134.3, 133.6, 129.6, 129.4, 129.3, 129.1, 128.9, 128.8, 

128.7, 128.5, 128.4, 128.3, 52.5, 52.1. HRMS (ESI) calcd. for C24H19ClO4Na[M+Na]+: 

429.0870, found: 429.0882. [α]D
20 = -74.6 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 9.1 min (major), 

7.4 min (minor), 90% ee. 

 

methyl (E)-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-3'-(trifluoromethyl)-

[1,1'-biphenyl]-4-carboxylate (3fa) 

 

The product 3fa was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (22% yield). 1H NMR (500 MHz, CDCl3) δ 7.85 (dd, J 

= 8.0, 1.3 Hz, 1H), 7.82 – 7.77 (m, 2H), 7.64 (s, 1H), 7.61 (td, J = 7.8, 0.9 Hz, 1H), 

7.49 (dd, J = 7.8, 1.3 Hz, 1H), 7.25 – 7.22 (m, 1H), 7.15 (t, J = 7.8 Hz, 2H), 7.00 – 6.91 

(m, 2H), 6.77 (dd, J = 7.4, 1.5 Hz, 2H), 3.89 (s, 3H), 3.73 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 167.5, 166.8, 144.7, 142.9, 142.7, 133.9 (q, J = 32.7 Hz), 130.3, 130.0, 129.8, 

129.7, 129.0, 128.9, 128.44, 128.43, 128.40, 127.4, 126.4 (q, J = 3.8 Hz), 125.0, 122.8, 

52.4, 52.1. 19F NMR (471 MHz, CDCl3) δ -60.4. HRMS (ESI) calcd. for 

C25H19F3O4Na[M+Na]+: 463.1133, found: 463.1134. [α]D
20 = -18.7 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 9.3 min (major), 7.6 min (minor), 98% ee. 
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methyl (E)-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-[1,1',3',1''-terphenyl]-4-

carboxylate (3ga) 

 

The product 3fa was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (52% yield). 1H NMR (500 MHz, CDCl3) δ 7.89 – 7.75 

(m, 2H), 7.53 (t, J = 7.7 Hz, 1H), 7.40 (dd, J = 7.7, 1.3 Hz, 1H), 7.36 (s, 1H), 7.32 (dd, 

J = 7.7, 1.3 Hz, 1H), 7.24 – 7.17 (m, 4H), 7.15 – 7.03 (m, 6H), 6.88 – 6.74 (m, 2H), 

3.88 (s, 3H), 3.49 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.2, 167.1, 146.2, 142.6, 

142.1, 141.3, 141.0, 134.9, 133.0, 130.5, 130.2, 129.9, 129.3, 129.2, 128.9, 128.82, 

128.76, 128.44, 128.37, 128.3, 127.7, 127.0, 52.10, 52.06. HRMS (ESI) calcd. for 

C30H25O4[M+H]+: 449.1753, found: 449.1764. [α]D
20 = -26.9 (c = 0.25, CHCl3), HPLC 

chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 

9.0 min (major), 8.0 min (minor), 98% ee. 

 

methyl (E)-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-3',4'-dimethyl-[1,1'-

biphenyl]-4-carboxylate (3ia) 

 

The product 3ia was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (65% yield). 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J 

= 8.3 Hz, 2H), 7.63 (s, 1H), 7.27 (d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H), 7.14 (t, J 

= 7.7 Hz, 2H), 7.06 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 7.5 Hz, 

2H), 3.88 (s, 3H), 3.69 (s, 3H), 2.37 (s, 3H), 2.11 (s, 3H); 13C NMR (126 MHz, CDCl3) 

δ 168.3, 167.2, 146.9, 141.6, 138.7, 137.0, 135.6, 134.8, 133.8, 130.8, 130.1, 129.9, 

129.4, 128.9, 128.7, 128.4, 128.2, 127.3, 52.4, 52.1, 20.7, 16.4. HRMS (ESI) calcd. for 

C26H24O4Na[M+Na]+: 423.1572, found: 423.1564. [α]D
20 = -36.2 (c = 0.25, CHCl3), 

HPLC chiralcel AD-3 column (5% isopropanol in hexanes, 0.5 mL/min, λ = 254 nm), 
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tR = 23.0 min (major), 22.4 min (minor), 98% ee. 

 

methyl (E)-5'-methoxy-2'-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-3'-methyl-

[1,1'-biphenyl]-4-carboxylate (3ja) 

 

The product 3ja was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (72% yield). 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J 

= 7.9 Hz, 2H), 7.63 (s, 1H), 7.23 (d, J = 7.3 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H), 7.04 (d, 

J = 7.9 Hz, 2H), 6.96 – 6.85 (m, 3H), 6.71 (d, J = 2.7 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 

3H), 3.68 (s, 3H), 2.15 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.4, 167.1, 159.1, 

146.4, 142.2, 141.9, 138.8, 134.9, 123.0, 129.9, 129.4, 128.9, 128.53, 128.48, 128.45, 

126.3, 115.7, 113.0, 55.3, 52.3, 52.1, 20.3. HRMS (ESI) calcd. for 

C26H24O5Na[M+Na]+:439.1521, found: 439.1516. [α]D
20 = -61.9 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 14.3 min (major), 9.0 min (minor), 91% ee. 

 

methyl (E)-4-(1-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-4-methylnaphthalen-

2-yl)benzoate (3ka) 

 

The product 3ka was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (62% yield). 1H NMR (500 MHz, CDCl3) δ 8.13 – 8.07 

(m, 1H), 7.93 – 7.80 (m, 4H), 7.58 – 7.56 (m, 1H), 7.45 – 7.40 (m, 1H), 7.29 (s, 1H), 

7.18 – 7.11 (m, 1H), 7.12 – 7.06 (m, 2H), 7.02 (t, J = 7.8 Hz, 2H), 6.87 – 6.71 (m, 2H), 

3.90 (s, 3H), 3.64 (s, 3H), 2.80 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.5, 167.1, 

146.6, 143.2, 137.6, 135.0, 134.5, 132.3, 131.9, 130.1, 129.5, 129.3, 129.2, 128.9, 128.7, 

128.6, 128.34, 128.26, 126.8, 126.2, 125.9, 124.6, 52.4, 52.1, 19.7. HRMS (ESI) calcd. 
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for C29H24O4Na[M+Na]+: 459.1572, found: 459.1559. [α]D
20 =-42.6 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 8.7 min (major), 9.4 min (minor), 95% ee. 

 

methyl (E)-4-(1-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)-4-methylnaphthalen-

2-yl)benzoate (3la) 

 

The product 3la was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (53% yield). 1H NMR (500 MHz, CDCl3) δ 8.06 – 8.00 

(m, 1H), 7.95 – 7.88 (m, 2H), 7.88 – 7.78 (m, 2H), 7.64 – 7.58 (m, 2H), 7.56 – 7.50 (m, 

2H), 7.50 – 7.43 (m, 3H), 7.40 (s, 1H), 7.22 – 7.15 (m, 1H), 7.15 – 7.11 (m, 2H), 7.06 

(t, J = 7.8 Hz, 2H), 6.90 – 6.78 (m, 2H), 3.90 (s, 3H), 3.69 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 168.4, 167.1, 146.4, 143.4, 140.8, 140.1, 137.6, 134.4, 132.3, 131.2, 130.7, 

130.2, 130.1, 129.4, 129.1, 129.0, 128.8, 128.5, 128.33, 128.32, 127.6, 127.0, 126.6, 

126.4, 125.7, 52.4, 52.1. HRMS (ESI) calcd. for C34H27O4[M+H]+: 499.1909, found: 

499.1915. [α]D
20 = -23.1 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 9.7 min (major), 15.6 min 

(minor), 97% ee. 

 

methyl (E)-4-(1-(3-methoxy-3-oxo-1-phenylprop-1-en-2-yl)pyren-2-yl)benzoate 

(3ma) 

 

The product 3ma was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (41% yield). 1H NMR (500 MHz, CDCl3) δ 8.22 (dd, J 

= 7.7, 1.1 Hz, 1H), 8.18 (dd, J = 7.7, 1.1 Hz, 1H), 8.16 – 8.12 (m, 2H), 8.10 (s, 1H), 

8.05 (s, 2H), 8.04 – 7.99 (m, 2H), 7.96 – 7.87 (m, 2H), 7.31 – 7.23 (m, 2H), 7.13 – 7.06 
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(m, 1H), 6.93 (t, J = 7.9 Hz, 2H), 6.80 – 6.64 (m, 2H), 3.92 (s, 3H), 3.63 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 168.5, 167.2, 146.7, 143.5, 138.7, 134.5, 131.3, 131.2, 131.0, 

130.3, 129.7, 129.5, 129.4, 129.3, 129.0, 128.8, 128.6, 128.4, 128.3, 127.4, 126.4, 126.3, 

125.63, 125.57, 124.73, 124.68, 124.5, 52.5, 52.2. HRMS (ESI) calcd. for 

C34H24O4Na[M+Na]+: 519.1572, found: 519.1567. [α]D
20 = -42.6 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 11.5 min (major), 18.6 min (minor), 97% ee. 

 

methyl (E)-3-phenyl-2-(2-phenylnaphthalen-1-yl)acrylate (3ab) 

 

The product 3ab was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (81% yield). 1H NMR (400 MHz, CDCl3) δ 7.99 – 7.87 

(m, 3H), 7.84 – 7.76 (m, 1H), 7.54 – 7.37 (m, 3H), 7.21 – 7.16 (m, 3H), 7.14 – 7.09 (m, 

1H), 7.08 – 7.04 (m, 2H), 7.03 – 6.96 (m, 2H), 6.85 – 6.71 (m, 2H), 3.61 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 168.6, 142.9, 141.7, 139.2, 134.7, 132.9, 131.8, 131.3, 130.2, 

129.5, 129.3, 128.7, 128.5, 128.4, 128.3, 127.7, 127.0, 126.9, 126.0, 125.4, 52.3. HRMS 

(ESI) calcd. for C26H21O2[M+H]+: 365.1542, found: 365.1548. [α]D
20 = -29.7 (c = 0.25, 

CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 

254 nm), tR = 11.6 min (major), 8.2 min (minor), 94% ee. 

 

methyl (E)-2-(2-(4-methoxyphenyl)naphthalen-1-yl)-3-phenylacrylate (3ac) 

 

The product 3ac was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (66% yield). 1H NMR (500 MHz, CDCl3) δ 7.98 – 7.89 

(m, 3H), 7.79 (dd, J = 8.4, 1.1 Hz, 1H), 7.54 – 7.45 (m, 2H), 7.43 – 7.38 (m, 1H), 7.17 

– 7.10 (m, 1H), 7.08 – 6.97 (m, 4H), 6.95 – 6.81 (m, 2H), 6.79 – 6.70 (m, 2H), 3.78 (s, 

3H), 3.61 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.7, 158.5, 142.8, 138.9, 134.6, 
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134.1, 132.7, 131.7, 131.2, 130.3, 129.8, 129.5, 129.3, 128.6, 128.42, 128.37, 128.3, 

126.9, 125.9, 125.3, 113.2, 55.2, 52.4. HRMS (ESI) calcd. for C27H22O3Na[M+Na]+: 

417.1467, found: 417.1464 [α]D
20 = -19.9 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 17.3 min (major), 

13.1 min (minor), 89% ee. 

 

methyl (E)-2-(2-(4-cyanophenyl)naphthalen-1-yl)-3-phenylacrylate (3ad) 

 

The product 3ad was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 20:1) as a pale brown solid (53% yield). 1H NMR (500 MHz, CDCl3) 8.00 – 

7.94 (m, 2H), 7.88 (s, 1H), 7.83 (d, J = 8.3 Hz, 1H), 7.58 – 7.54 (m, 1H), 7.52 – 7.43 

(m, 3H), 7.38 (d, J = 8.4 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 7.13 – 7.08 (m, 2H), 7.03 (t, 

J = 7.7 Hz, 2H), 6.74 – 6.64 (m, 2H), 3.68 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.3, 

146.5, 143.5, 137.1, 134.2, 133.2, 131.9, 131.5, 131.5, 130.1, 129.6, 129.5, 129.0, 128.9, 

128.5, 128.4, 127.44, 127.37, 126.7, 125.4, 119.0, 110.6, 52.5. HRMS (ESI) calcd. for 

C27H19NO3Na[M+Na]+: 412.1313, found: 412.1309. [α]D
20 = -25.5 (c = 0.25, CHCl3), 

HPLC chiralcel AS-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 12.0 min (major), 13.1 min (minor), 96% ee. 

 

methyl (E)-3-phenyl-2-(2-(4-(trifluoromethyl)phenyl)naphthalen-1-yl)acrylate 

(3ae) 

 

The product 3ae was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (66% yield). 1H NMR (500 MHz, CDCl3) 8.01 – 7.92 

(m, 2H), 7.89 (s, 1H), 7.86 – 7.79 (m, 1H), 7.56 – 7.51 m, 1H), 7.50 – 7.35 (m, 4H), 

7.18 – 7.07 (m, 3H), 7.01 (t, J = 7.8 Hz, 2H), 6.73 (dd, J = 8.3, 1.4 Hz, 2H), 3.66 (s, 

3H). 13C NMR (126 MHz, CDCl3) δ 168.4, 145.4, 143.4, 137.6, 134.4, 133.1, 132.0, 
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131.5, 130.1, 129.4, 129.1, 129.0, 128.1, 128.8, 128.5, 128.3, 127.8, 127.3, 126.5, 125.4, 

124.6 (q, J = 3.9 Hz), 124.2 (q, J = 279.3 Hz), 52.4; 19F NMR (471 MHz, CDCl3) δ -

62.4. HRMS (ESI) calcd. for C27H19F3O2Na[M+Na]+: 455.1235, found: 455.1227. 

[α]D
20 = -5.3 (c = 0.25, CHCl3), HPLC chiralcel OD-H column (10% isopropanol in 

hexanes, 1.0 mL/min, λ = 254 nm), tR = 5.4 min (major), 6.4 min (minor), 97% ee. 

 

methyl (E)-2-(2-(4-nitrophenyl)naphthalen-1-yl)-3-phenylacrylate (3af) 

 

The product 3af was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a yellow solid (56% yield). 1H NMR (400 MHz, CDCl3) δ 8.09 – 8.01 

(m, 2H), 8.02 – 7.95 (m, 2H), 7.88 (s, 1H), 7.87 – 7.81 (m, 1H), 7.56 (ddd, J = 8.1, 6.9, 

1.3 Hz, 1H), 7.53 – 7.47 (m, 1H), 7.40 (d, J = 8.4 Hz, 1H), 7.24 – 7.11 (m, 3H), 7.03 (t, 

J = 7.8 Hz, 2H), 6.79 – 6.66 (m, 2H), 3.69 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.3, 

148.6, 146.7, 143.6, 136.8, 134.2, 133.3, 132.0, 131.6, 130.1, 129.6, 129.0, 128.6, 

128.44, 128.37, 127.5, 127.3, 126.8, 125.4, 124.4, 123.0, 52.6. HRMS (ESI) calcd. for 

C26H19NO4Na[M+Na]+: 432.1212, found: 432.1206. [α]D
20 = -19.9 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 13.9 min (major), 15.1 min (minor), 91% ee. 

 

methyl (E)-2-(2-([1,1'-biphenyl]-4-yl)naphthalen-1-yl)-3-phenylacrylate (3ag) 

 

The product 3ah was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a pale yellow solid (79% yield). 1H NMR (500 MHz, CDCl3) 8.00 – 

7.90 (m, 3H), 7.85 – 7.81 (m, 1H), 7.64 – 7.55 (m, 2H), 7.54 – 7.46 (m, 2H), 7.47 – 

7.39 (m, 5H), 7.36 – 7.28 (m, 1H), 7.18 – 7.08 (m, 3H), 7.0 – 6.99 (m, 2H), 6.92 – 6.76 

(m, 2H), 3.63 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.6, 143.1, 140.8, 140.7, 139.5, 

138.8, 134.7, 132.9, 131.9, 131.3, 130.2, 129.5, 129.3, 129.2, 128.8, 128.5, 128.4, 128.4, 
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128.3, 127.3, 127.0, 127.0, 126.4, 126.1, 125.4, 52.4. HRMS (ESI) calcd. for 

C32H24O2Na[M+Na]+: 463.1674, found: 463.1670. [α]D
20 = -28.0 (c = 0.25, CHCl3), 

HPLC chiralcel OD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 6.7 min (major), 8.4 min (minor), 95% ee. 

 

methyl (E)-2-(2-(4-fluorophenyl)naphthalen-1-yl)-3-phenylacrylate (3ah) 

 

The product 3ag was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a white solid (79% yield). 1H NMR (500 MHz, CDCl3) 7.97 – 7.89 

(m, 3H), 7.80 (d, J = 8.4 Hz, 1H), 7.54 – 7.47 (m, 1H), 7.47 – 7.38 (m, 2H), 7.20 – 7.10 

(m, 1H), 7.06 – 6.95 (m, 4H), 6.94 – 6.84 (m, 2H), 6.83 – 6.71 (m, 2H), 3.64 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ 168.49, 161.93 (d, J = 245.5 Hz), 142.97, 138.08, 

137.61 (d, J = 2.9 Hz), 134.5, 132.9, 131.9, 131.4, 130.3, 130.2, 130.1, 129.4, 128.5, 

128.4, 128.3, 128.2, 127.1, 126.1, 125.3, 114.6 (d, J = 21.2 Hz), 52.4; 19F NMR (471 

MHz, CDCl3) δ -115.8. HRMS (ESI) calcd. for C26H19FO2Na[M+Na]+: 405.1267, 

found: 405.1264. [α]D
20 = -39.9 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 10.3 min (major), 7.8 min 

(minor), 96% ee. 

 

methyl (E)-2-(2-(4-bromophenyl)naphthalen-1-yl)-3-phenylacrylate (3ai) 

 

The product 3ai was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 40:1) as a yellow solid (74% yield). 1H NMR (500 MHz, CDCl3) 7.98 – 7.92 

(m, 3H), 7.82 (d, J = 8.4 Hz, 1H), 7.56 – 7.50 (m, 1H), 7.46 (ddd, J = 8.2, 6.9, 1.3 Hz, 

1H), 7.41 (d, J = 8.4 Hz, 1H), 7.36 – 7.29 (m, 2H), 7.21 – 7.10 (m, 1H), 7.03 (t, J = 7.8 

Hz, 2H), 6.94 – 6.84 (m, 2H), 6.78 (d, J = 7.4 Hz, 2H), 3.66 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 168.4, 143.1, 140.6, 137.8, 134.4, 132.9, 131.9, 131.3, 130.8, 130.3, 
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130.1, 129.4, 129.2, 128.6, 128.4, 128.2, 127.9, 127.1, 126.2, 125.3, 121.2, 52.3. HRMS 

(ESI) calcd. for C26H19BrO2Na[M+Na]+: 465.0466, found: 465.0457. [α]D
20 = -25.7 (c 

= 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 

mL/min, λ = 254 nm), tR = 8.7 min (major), 7.8 min (minor), 94% ee. 

 

methyl (E)-2-(2-(3-methoxyphenyl)naphthalen-1-yl)-3-phenylacrylate (3aj) 

 

The product 3aj was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (60% yield). 1H NMR (500 MHz, CDCl3) 8.01 – 7.91 

(m, 3H), 7.82 (d, J = 8.4 Hz, 1H), 7.63 – 7.38 (m, 3H), 7.16 – 7.09 (m, 2H), 7.02 (t, J 

= 7.7 Hz, 2H), 6.88 – 6.72 (m, 3H), 6.68 – 6.64 (m, 1H), 6.55 (t, J = 2.0 Hz, 1H), 3.64 

(s, 3H), 3.57 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.6, 158.8, 143.1, 142.9, 139.0, 

134.7, 132.9, 131.9, 131.2, 130.3, 129.4, 129.3, 128.8, 128.43, 128.41, 128.27, 128.25, 

127.0, 126.1, 125.4, 121.1, 113.6, 113.3, 55.0, 52.4. HRMS (ESI) calcd. for 

C27H22O3Na[M+Na]+: 417.1467, found: 417.1462. [α]D
20 = -13.3 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 16.1 min (major), 11.0 min (minor), 96% ee. 

 

methyl (E)-2-(2-(3-methoxyphenyl)naphthalen-1-yl)-3-phenylacrylate (3ak) 

 

The product 3ak was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (73% yield). 1H NMR (500 MHz, CDCl3) δ 8.00 – 7.92 

(m, 2H), 7.89 (d, J = 7.6 Hz, 2H), 7.84 (dd, J = 8.4, 1.2 Hz, 1H), 7.69 (t, J = 1.8 Hz, 

1H), 7.52 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.50 – 7.43 (m, 2H), 7.30 – 7.19 (m, 2H), 7.17 

– 7.11 (m, 1H), 7.01 (t, J = 7.7 Hz, 2H), 6.78 – 6.67 (m, 2H), 3.83 (s, 3H), 3.66 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ 168.5, 166.9, 143.3, 141.9, 138.0, 134.4, 133.1, 133.0, 

132.0, 131.5, 130.10, 130.05, 129.6, 129.4, 129.2, 128.7, 128.5, 128.3, 128.1, 128.0, 
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127.8, 127.2, 126.3, 125.4, 52.4, 52.1. HRMS (ESI) calcd. for C28H22O4Na[M+Na]+: 

445.1416, found: 445.1410. [α]D
20 = -23.6 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 19.8 min (major), 

16.9 min (minor), 96% ee. 

 

methyl (E)-3-phenyl-2-(2-(3,4,5-trifluorophenyl)naphthalen-1-yl)acrylate (3al) 

 

The product 3ak was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (57% yield). 1H NMR (500 MHz, CDCl3) δ 7.99 – 7.90 

(m, 3H), 7.82 (d, J = 8.3 Hz, 1H), 7.55 (t, J = 7.0 Hz, 1H), 7.52 – 7.46 (m, 1H), 7.33 (d, 

J = 8.4 Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 7.04 (t, J = 7.7 Hz, 2H), 6.72 (d, J = 7.6 Hz, 

2H), 6.61 – 6.51 (m, 2H), 3.71 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.3, 151.4, 

149.4, 143.4, 137.6, 136.0, 134.3, 133.1, 132.0, 131.6, 130.6, 129.9, 129.6, 129.3, 129.0, 

128.9, 128.5, 128.4, 128.3, 127.4 (d, J = 8.0 Hz), 126.7, 125.4, 112.96 (d, J = 5.2 Hz), 

112.83 (d, J = 5.0 Hz), 52.5; 19F NMR (471 MHz, CDCl3) δ -135.1 (d, J = 20.7 Hz), -

162.8 (t, J = 20.4 Hz). HRMS (ESI) calcd. for C26H17F3O2Na[M+Na]+: 441.1078, found: 

441.1075. [α]D
20 = -44.4 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 6.8 min (major), 5.7 min (minor), 

95% ee. 

 

methyl (E)-3-phenyl-2-(2-(3,4,5-trifluorophenyl)naphthalen-1-yl)acrylate (3am) 

 

The product 3am was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (49% yield). 1H NMR (400 MHz, CDCl3) 8.03 – 7.95 

(m, 2H), 7.92 – 7.86 (m, 1H), 7.82 (s, 1H), 7.71 (s, 1H), 7.64 – 7.49 (m, 2H), 7.36 (d, J 

= 8.4 Hz, 3H), 7.18 – 7.10 (m, 1H), 7.07 – 6.94 (m, 2H), 6.70 – 6.51 (m, 2H), 3.72 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 168.3, 143.7, 143.6, 135.9, 134.1, 133.3, 132.5, 
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132.1, 130.8 (q, J = 32.9 Hz), 129.7, 129.6, 129.2, 129.1, 128.9, 128.6, 128.5, 128.4, 

127.6, 127.1, 126.9, 125.5, 123.2 (q, J = 273.0 Hz), 120.6 (sept = 4.0 Hz), 52.5. 19F 

NMR (471 MHz, CDCl3) δ -62.90. HRMS (ESI) calcd. for C28H18F6NaO2[M+Na]+: 

523.1109, found: 523.1107. [α]D
20 = -36.9 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 4.4 min (major), 

4.0 min (minor), 94% ee. 

 

methyl (E)-3-phenyl-2-(2-(3,4,5-trifluorophenyl)naphthalen-1-yl)acrylate (3an) 

 

The product 3an was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 30:1) as a white solid (41% yield). 1H NMR (500 MHz, CDCl3) δ 7.95 (dd, J 

= 11.6, 8.4 Hz, 2H), 7.87 – 7.79 (m, 2H), 7.57 – 7.48 (m, 2H), 7.47 – 7.40 (m, 1H), 7.25 

- 7.24 (m, 1H), 7.15 – 7.07 (m, 1H), 7.00 (t, J = 7.7 Hz, 2H), 6.89 (t, J = 1.7 Hz, 2H), 

6.75 (d, J = 8.0 Hz, 2H), 3.65 (d, J = 1.0 Hz, 3H), 1.17 (d, J = 1.6 Hz, 18H); 13C NMR 

(126 MHz, CDCl3) δ 168.6, 149.8, 142.6, 140.7, 140.3, 134.7, 132.8, 132.1, 131.3, 

130.2, 129.8, 129.2, 128.42, 128.35, 128.29, 128.2, 126.8, 125.8, 125.4, 123.1, 120.5, 

52.2, 34.7, 31.3. HRMS (ESI) calcd. for C34H36NaO2[M+Na]+: 499.2613, found: 

499.2619. [α]D
20 = -59.5 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 4.7 min (major), 4.1 min (minor), 

97% ee. 

 

3.3 General Procedure for Pd(II)-catalyzed Asymmetric C-H olefination  

Substrate (0.2 mmol), Pd(OAc)2 (10 mol%, 4.5 mg), Boc-L-tert-leucine (0.06 mmol, 

13.9 mg) were placed in a Schlenck tube, which was filled with oxygen by using 

standard Schlenck techniques. After which, iPrOH (2 mL) was added using a syringe. 

Olefin (0.6 mmol) and a solution of KOH (22.4 mg in 36 μL H2O) was added via 

microsyringe, subsequently. The reaction mixture was vigorous stirred at 30 ℃ for 72 

hours. Upon completion, the reaction was diluted with ethyl acetate, and filtered 

through a plug of Celite. The solvent was concentrated in vacuo and then the obtained 
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slurry was dissolved in DMF (5 mL), treated with MeI (0.3 mmol, 19 μL) and K2CO3 

(0.4 mmol, 55.6 mg). The reaction mixture was stirred for another 2 hours at room 

temperature. Then the mixture was diluted with ethyl acetate 20 mL and washed with 

water. Organic layer was concentrated in vacuo and purified by flash chromatography 

(petroleum ether/ethyl acetate = 30:1 to 10:1) to afford the product. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5aa) 

 

The product 5aa was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (97% yield). 1H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H), 

7.96 – 7.68 (m, 5H), 7.49 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.41 (ddd, J = 8.3, 6.9, 1.3 Hz, 

1H), 7.16 – 7.07 (m, 1H), 7.05 – 6.99 (m, 2H), 6.94 – 6.78 (m, 2H), 6.41 (d, J = 15.9 

Hz, 1H), 3.72 (s, 3H), 3.68 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 167.9, 167.2, 143.9, 

142.2, 135.1, 134.2, 133.9, 131.8, 130.4, 130.4, 129.7, 128.9, 128.5, 128.4, 127.4, 

127.31, 127.30, 125.7, 123.1, 119.6, 52.6, 51.7. HRMS (ESI) calcd. for 

C24H20O4Na[M+Na]+: 395.1259, found: 395.1264. [α]D
20 = -51.9 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 24.9 min (major), 23.1 min (minor), 97% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ba) 

 

The product 5ba was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (68% yield). 1H NMR (500 MHz, CDCl3) δ 8.03 (s, 1H), 

7.64 (d, J = 15.9 Hz, 1H), 7.54 (d, J = 7.3 Hz, 1H), 7.32 (dt, J = 13.7, 7.2 Hz, 2H), 7.21 

(t, J = 7.4 Hz, 1H), 7.14 (t, J = 7.6 Hz, 2H), 7.01 – 6.87 (m, 2H), 6.28 (d, J = 15.9 Hz, 
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1H), 3.76 (s, 3H), 3.70 (s, 3H), 2.10 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.7, 

167.1, 142.7, 142.3, 137.3, 136.3, 134.2, 133.5, 132.1, 130.1, 129.7, 128.6, 128.5, 128.4, 

124.31, 119.4, 52.6, 51.60, 19.9. HRMS (ESI) calcd. for C21H20O4Na[M+Na]+: 

359.1259, found: 359.1253. [α]D
20 = -25.8 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 9.8 min (major), 

13.4 min (minor), 90% ee. 

 

methyl (E)-2-(2-ethyl-6-((E)-3-methoxy-3-oxoprop-1-en-1-yl)phenyl)-3-

phenylacrylate (5ca) 

 

The product 5ca was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (99% yield). 1H NMR (500 MHz, CDCl3) δ 8.03 (s, 1H), 

7.64 (d, J = 15.9 Hz, 1H), 7.59 – 7.48 (m, 1H), 7.46 – 7.33 (m, 2H), 7.24 – 7.17 (m, 

1H), 7.13 (t, J = 7.6 Hz, 2H), 7.07 – 6.79 (m, 2H), 6.27 (d, J = 15.9 Hz, 1H), 3.75 (s, 

3H), 3.70 (s, 3H), 2.45 (ddt, J = 40.7, 14.8, 7.4 Hz, 2H), 1.03 (t, J = 7.6 Hz, 3H); 13C 

NMR (126 MHz, CDCl3) δ 168.0, 167.1, 143.0, 142.8, 142.5, 135.7, 134.2, 133.6, 

130.37, 130.35, 129.7, 128.6, 128.5, 128.3, 124.3, 119.4, 52.6, 51.6, 26.3, 14.4. HRMS 

(ESI) calcd. for C22H22O4Na[M+Na]+: 373.1416, found: 373.1413. [α]D
20 = -51.8 (c = 

0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, 

λ = 254 nm), tR = 8.7 min (major), 12.1 min (minor), 98% ee. 

 

methyl (E)-2-(2-isopropyl-6-((E)-3-methoxy-3-oxoprop-1-en-1-yl)phenyl)-3-

phenylacrylate (5da) 

 

The product 5da was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (99% yield). 1H NMR (500 MHz, CDCl3) δ 8.04 (s, 1H), 

7.65 (d, J = 15.8 Hz, 1H), 7.54 (m, J = 5.5, 3.5 Hz, 1H), 7.47 – 7.41 (m, 2H), 7.22 – 
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7.17 (m, 1H), 7.13 (t, J = 7.6 Hz, 2H), 6.93 (d, J = 7.6 Hz, 2H), 6.25 (d, J = 15.8 Hz, 

1H), 3.75 (s, 3H), 3.70 (s, 3H), 2.88 (hept, J = 6.9 Hz, 1H), 1.13 (d, J = 6.8 Hz, 3H), 

0.92 (d, J = 6.8 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 168.0, 167.1, 147.8, 143.0, 

142.6, 134.8, 134.2, 133.4, 130.5, 129.7, 128.8, 128.4, 128.3, 127.8, 124.3, 119.4, 52.5, 

51.6, 30.7, 23.7. HRMS (ESI) calcd. for C23H25O4[M+H]+: 365.1753, found: 365.1739. 

[α]D
20 = -81.1 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in 

hexanes, 1.0 mL/min, λ = 254 nm), tR = 6.6 min (major), 10.1 min (minor), >99% ee. 

 

methyl (E)-2-(2-chloro-6-((E)-3-methoxy-3-oxoprop-1-en-1-yl)phenyl)-3-

phenylacrylate (5ea) 

 

The product 5ea was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (55% yield). 1H NMR (500 MHz, CDCl3) δ 8.07 (s, 1H), 

7.59 – 7.47 (m, 3H), 7.40 – 7.33 (m, 1H), 7.25 – 7.20 (m, 1H), 7.15 (t, J = 7.5 Hz, 2H), 

7.00 – 6.92 (m, 2H), 6.20 (d, J = 15.9 Hz, 1H), 3.78 (d, J = 1.0 Hz, 3H), 3.70 (d, J = 

1.2 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 166.9, 166.7, 143.5, 141.5, 135.6, 135.4, 

135.2, 133.9, 130.9, 130.0, 129.8, 129.5, 128.6, 127.0, 125.1, 120.7, 52.7, 51.7. HRMS 

(ESI) calcd. for C20H17ClO4Na[M+Na]+: 379.0713, found: 379.0712. [α]D
20 = -21.6 (c 

= 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 

mL/min, λ = 254 nm), tR = 7.2 min (major), 6.5 min (minor), 97% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-6-(trifluoromethyl)phenyl)-

3-phenylacrylate (5fa) 

 

The product 5fa was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (47% yield). 1H NMR (500 MHz, CDCl3) δ 8.07 (s, 1H), 

7.87 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.63 (d, J = 15.9 Hz, 1H), 7.57 (t, J 
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= 7.9 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H), 7.14 (t, J = 7.7 Hz, 2H), 6.88 (d, J = 7.5 Hz, 

2H), 6.31 (d, J = 15.9 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H); 13C NMR (126 MHz, CDCl3) 

δ 167.1, 166.5, 143.6, 140.8, 135.7, 135.2, 133.7, 130.4, 130.2, 130.1, 130,0, 128.7, 

128.6, 128.1 (q, J = 5.3 Hz), 125.8, 124.7, 123.6 (q, J = 274.2 Hz), 121.5, 52.6, 51.8. 

19F NMR (471 MHz, CDCl3) δ -60.9. HRMS (ESI) calcd. for C21H17F3O2Na[M+Na]+: 

413.0977, found: 413.0976. [α]D
20 = -30.5 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 10.9 min (major), 

14.3 min (minor), >99% ee. 

 

methyl (E)-2-(3-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-yl)-3-

phenylacrylate (5ga) 

 

The product 5ga was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (72% yield). 1H NMR (500 MHz, CDCl3) δ 7.78 (s, 1H), 

7.72 – 7.64 (m, 2H), 7.49 (t, J = 7.8 Hz, 1H), 7.38 (dd, J = 7.5, 1.3 Hz, 1H), 7.24 – 7.17 

(m, 4H), 7.14 (dd, J = 8.4, 7.0 Hz, 2H), 7.05 – 6.97 (m, 2H), 6.94 – 6.87 (m, 2H), 6.28 

(d, J = 15.9 Hz, 1H), 3.71 (s, 3H), 3.61 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.6, 

167.0, 143.0, 142.8, 142.6, 140.6, 135.1, 134.4, 133.9, 132.0, 130.2, 129.5, 128.8, 128.5, 

128.45, 128.37, 127.7, 127.1, 125.8, 119.8, 52.3, 51.6. HRMS (ESI) calcd. for 

C26H23O4[M+H]+: 399.1596, found: 399.1589. [α]D
20 = -17.5 (c = 0.25, CHCl3), HPLC 

chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 

9.5 min (major), 13.7 min (minor), 99% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-6-(methoxymethyl)phenyl)-

3-phenylacrylate (5ha) 

 

The product 5ha was purified with silica gel chromatography (petroleum ether/ethyl 
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acetate = 10:1) as a white solid (45% yield). 1H NMR (500 MHz, CDCl3) δ 8.01 (s, 1H), 

7.71 – 7.61 (m, 2H), 7.54 (d, J = 7.3 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.24 – 7.19 (m, 

1H), 7.14 (t, J = 7.6 Hz, 2H), 6.93 (d, J = 7.4 Hz, 2H), 6.32 (d, J = 15.9 Hz, 1H), 4.21 

(dd, J = 85.3, 12.5 Hz, 2H), 3.75 (s, 3H), 3.71 (s, 3H), 3.23 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 167.7, 167.1, 142.1, 142.0, 137.4, 135.6, 134.0, 133.8, 130.2, 129.9, 

129.8, 128.64, 128.57, 127.6, 126.0, 119.7, 72.4, 58.4, 52.6, 51.7. HRMS (ESI) calcd. 

for C22H22O5Na[M+Na]+: 389.1365, found: 389.1368. [α]D
20 = -17.7 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 13.0 min (major), 18.8 min (minor), 95% ee. 

 

methyl (E)-2-(6-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-2,3-dimethylphenyl)-3-

phenylacrylate (5ia) 

 

The product 5ia was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (87% yield). 1H NMR (500 MHz, CDCl3) δ 8.03 (s, 1H), 

7.60 (d, J = 15.9 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.24 – 7.18 (m, 2H), 7.13 (t, J = 7.6 

Hz, 2H), 6.93 (d, J = 7.7 Hz, 2H), 6.23 (d, J = 15.8 Hz, 1H), 3.76 (d, J = 0.9 Hz, 3H), 

3.69 (d, J = 0.8 Hz, 3H), 2.33 (s, 3H), 2.04 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

167.9, 167.3, 143.0, 142.1, 139.6, 136.2, 135.6, 134.4, 131.2, 130.2, 130.1, 129.6, 129.2, 

128.5, 124.0, 118.3, 52.6, 51.5, 20.8, 16.3. HRMS (ESI) calcd. for C22H23O4[M+H]+: 

351.1596, found: 351.1605. [α]D
20 = -7.4 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 10.4 min (major), 

15.0 min (minor), 98% ee. 

 

methyl (E)-2-(4-methoxy-2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-6-methylphenyl)-

3-phenylacrylate (5ja) 
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The product 5ja was purified with silica gel chromatography (petroleum 

ether/ethylacetate = 10:1) as a white solid (86% yield). 1H NMR (500 MHz, CDCl3) δ 

8.02 (s, 1H), 7.59 (d, J = 15.9 Hz, 1H), 7.24 – 7.18 (m, 1H), 7.16 (t, J = 8.4, 6.6 Hz, 

2H), 7.05 (d, J = 2.7 Hz, 1H), 7.00 – 6.94 (m, 2H), 6.88 (d, J = 2.5 Hz, 1H), 6.25 (d, J 

= 15.8 Hz, 1H), 3.86 (s, 3H), 3.76 (s, 3H), 3.70 (s, 3H), 2.08 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 168.0, 167.1, 159.2, 142.7, 142.6, 138.8, 134.6, 134.4, 130.2, 129.7, 

128.9, 128.6, 128.4, 119.5, 118.4, 108.8, 55.3, 52.6, 51.6, 20.1. HRMS (ESI) calcd. for 

C22H24O5[M+H]+: 367.1545, found: 367.1540. [α]D20 = -31.7 (c = 0.25, CHCl3), HPLC 

chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 

12.3 min (major), 16.1 min (minor), 83% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-4-methylnaphthalen-1-yl)-

3-phenylacrylate (5ka) 

 

The product 5ka was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (79% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

8.01 (d, J = 8.4 Hz, 1H), 7.89 – 7.77 (m, 2H), 7.61 (s, 1H), 7.53 (dd, J = 8.3, 6.8 Hz, 

1H), 7.41 (dd, J = 8.3, 6.9 Hz, 1H), 7.15 – 7.07 (m, 1H), 7.02 (t, J = 7.6 Hz, 2H), 6.90 

(d, J = 7.8 Hz, 2H), 6.41 (d, J = 15.9 Hz, 1H), 3.72 (s, 3H), 3.68 (s, 3H), 2.75 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ 168.1, 167.3, 143.8, 142.3, 135.2, 134.0, 133.7, 133.5, 

131.9, 130.4, 129.9, 129.6, 128.5, 127.6, 127.2, 127.0, 126.3, 124.7, 123.7, 119.3, 52.6, 

51.7, 19.8. HRMS (ESI) calcd. for C25H23O4[M+H]+: 387.1596, found: 387.1591. 

[α]D
20 = -40.4 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in 
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hexanes, 1.0 mL/min, λ = 254 nm), tR = 16.9 min (major), 22.7 min (minor), 89% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-4-phenylnaphthalen-1-yl)-

3-phenylacrylate (5la) 

 

The product 5la was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (77% yield). 1H NMR (500 MHz, CDCl3) δ 8.32 (s, 1H), 

8.01 – 7.91 (m, 1H), 7.91 – 7.82 (m, 2H), 7.71 (s, 1H), 7.57 (d, J = 6.8 Hz, 2H), 7.53 (t, 

J = 7.5 Hz, 2H), 7.50 – 7.37 (m, 3H), 7.21 – 7.11 (m, 1H), 7.06 (t, J = 7.6 Hz, 2H), 6.95 

(d, J = 7.6 Hz, 2H), 6.42 (d, J = 15.9 Hz, 1H), 3.73 (s, 3H), 3.71 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 168.0, 167.2, 144.0, 142.1, 141.1, 140.1, 134.5, 134.0, 132.7, 132.3, 

130.4, 130.1, 129.9, 129.8, 128.6, 128.5, 127.7, 127.5, 127.4, 127.2, 126.7, 126.1, 124.1, 

119.8, 52.7, 51.7. HRMS (ESI) calcd. for C30H24O4Na[M+Na]+: 471.1572, found: 

471.1569. [α]D
20 = -59.4 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 10.3 min (major), 21.1 min 

(minor), 93% ee. 

 

methyl (E)-2-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)pyren-1-yl)-3-

phenylacrylate (5ma) 

 

The product 5ma was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a yellow solid (54% yield). 1H NMR (500 MHz, CDCl3) δ 8.48 (s, 

1H), 8.41 (s, 1H), 8.17 (ddd, J = 17.3, 7.6, 1.2 Hz, 2H), 8.10 (d, J = 1.9 Hz, 2H), 8.06 

(d, J = 15.8 Hz, 1H), 8.01 (d, J = 3.5 Hz, 3H), 7.11 – 7.02 (m, 1H), 6.94 (t, J = 7.8 Hz, 
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2H), 6.83 (dd, J = 8.2, 1.4 Hz, 2H), 6.61 (d, J = 15.9 Hz, 1H), 3.78 (s, 3H), 3.69 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ 168.2, 167.1, 144.1, 143.1, 134.0, 131.5, 131.4, 131.24, 

131.19, 131.0, 130.5, 129.7, 128.8, 128.5, 128.4, 127.9, 127.5, 126.7, 125.8, 125.69, 

125.67, 124.6, 122.8, 120.5, 52.7, 51.8. HRMS (ESI) calcd. for C30H22NaO4[M+Na]+: 

469.1416, found: 469.1416. [α]D
20 = -33.6 (c = 0.25, CHCl3), HPLC chiralcel AD-3 

column (5% isopropanol in hexanes, 0.5 mL/min, λ = 254 nm), tR = 72.7 min 

(major),46.4 min (minor), >99% ee. 

 

methyl (E)-2-(2-((E)-3-(benzyloxy)-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ab) 

 

The product 5ab was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (79% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

7.93 – 7.84 (m, 3H), 7.80 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.8 Hz, 1H), 7.49 (t, J = 7.4 

Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.38 – 7.26 (m, 5H), 7.10 (t, J = 7.4 Hz, 1H), 7.00 (t, 

J = 7.7 Hz, 2H), 6.85 (d, J = 7.6 Hz, 2H), 6.45 (d, J = 15.9 Hz, 1H), 5.35 – 4.97 (m, 

2H), 3.68 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.0, 166.6, 143.9, 142.7, 136.1, 

135.3, 134.3, 133.9, 131.9, 130.39, 130.36, 129.7, 129.0, 128.6, 128.51, 128.45, 128.22, 

128.17, 127.5, 127.40, 127.36, 125.8, 123.1, 119.6, 66.2, 52.7. HRMS (ESI) calcd. for 

C30H25O4[M+H]+: 449.1753, found: 449.1760. [α]D
20 = -25.7 (c = 0.25, CHCl3), HPLC 

chiralcel ID column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 24.9 

min (major), 22.6 min (minor), 96% ee. 

 

methyl (E)-2-(2-((E)-3-(cyclohexyloxy)-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ac) 

 

The product 5ac was purified with silica gel chromatography (petroleum ether/ethyl 
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acetate = 10:1) as a white solid (88% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

7.92 – 7.72 (m, 5H), 7.48 (t, J = 7.5 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.18 – 7.05 (m, 

1H), 7.01 (t, J = 7.7 Hz, 2H), 6.87 (d, J = 7.8 Hz, 2H), 6.40 (d, J = 15.9 Hz, 1H), 4.85 

– 4.80 (m, 1H), 3.68 (s, 3H), 1.83 (m, 2H), 1.75 – 1.67 (m, 2H), 1.57 – 1.22 (m, 6H); 

13C NMR (126 MHz, CDCl3) δ 168.0, 166.2, 143.8, 141.7, 135.0, 134.2, 134.0, 132.0, 

130.5, 130.4, 129.6, 128.9, 128.5, 128.4, 127.6, 127.28, 127.25, 125.8, 123.2, 120.6, 

72.6, 52.6, 31.7, 25.5, 23.7. HRMS (ESI) calcd. for C29H28O4Na[M+Na]+: 463.1885, 

found: 463.1896. [α]D
20 = -70.2 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 10.5 min (major), 14.7 min 

(minor), 95% ee. 

 

methyl (E)-2-(2-((E)-3-(tert-butoxy)-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ad) 

 

The product 5ad was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (99% yield). 1H NMR (500 MHz, CDCl3) δ 8.27 (s, 1H), 

7.97 – 7.83 (m, 2H), 7.82 – 7.69 (m, 3H), 7.48 (m, 1H), 7.40 (m, 1H), 7.17 – 7.07 (m, 

1H), 7.02 (dd, J = 8.5, 7.0 Hz, 2H), 6.93 – 6.79 (m, 2H), 6.34 (d, J = 15.8 Hz, 1H), 3.69 

(s, 3H), 1.47 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 168.0, 166.1, 143.7, 141.0, 134.8, 

134.1, 134.1, 131.9, 130.7, 130.4, 129.6, 128.8, 128.44, 128.37, 127.6, 127.23, 127.15, 

125.7, 123.2, 121.9, 80.4, 52.6, 28.2. HRMS (ESI) calcd. for C27H26O4Na[M+Na]+: 

437.1729, found: 437.1733. [α]D
20 = -63.1 (c = 0.25, CHCl3), HPLC chiralcel AD-H 

column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 11.4 min (major), 

9.0 min (minor), 99% ee. 

 

methyl (E)-2-(2-((E)-3-isobutoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ae) 
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The product 5ae was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (84% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

7.94 – 7.84 (m, 3H), 7.79 (dd, J = 14.0, 8.6 Hz, 2H), 7.57 – 7.45 (m, 1H), 7.41 (ddd, J 

= 8.3, 6.9, 1.2 Hz, 1H), 7.11 (t, J = 7.3 Hz, 1H), 7.01 (t, J = 7.7 Hz, 2H), 6.92 – 6.83 

(m, 2H), 6.43 (d, J = 15.9 Hz, 1H), 3.92 (dd, J = 6.6, 2.4 Hz, 2H), 3.68 (s, 3H), 1.95 

(dp, J = 13.4, 6.7 Hz, 1H), 0.93 (dd, J = 6.8, 1.6 Hz, 6H); 13C NMR (126 MHz, CDCl3) 

δ 168.0, 166.8, 143.8, 142.0, 135.1, 134.2, 133.9, 131.9, 130.43, 130.39, 129.7, 128.9, 

128.5, 128.4, 127.5, 127.3, 125.8, 123.1, 120.0, 70.6, 52.7, 27.8, 19.2. HRMS (ESI) 

calcd. for C27H26O4Na[M+Na]+: 437.1729, found: 437.1729. [α]D
20 = -59.6 (c = 0.25, 

CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 

254 nm), tR = 11.3 min (major), 16.1 min (minor), 94% ee. 

 

methyl (E)-2-(2-((E)-3-(tert-butoxy)-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5af) 

 

The product 5af was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (91% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

7.95 – 7.65 (m, 5H), 7.49 (m, 1H), 7.40 (m, 1H), 7.18 – 7.06 (m, 1H), 7.01 (t, J = 7.7 

Hz, 2H), 6.91 – 6.80 (m, 2H), 6.41 (d, J = 15.9 Hz, 1H), 4.13 (m, 2H), 3.68 (s, 3H), 

1.75 – 1.50 (m, 2H), 1.47 – 1.31 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, 

CDCl3) δ 168.0, 166.9, 143.8, 142.0, 135.1, 134.2, 134.0, 131.9, 130.5, 130.4, 129.7, 

128.9, 128.5, 128.4, 127.5, 127.3, 125.8, 123.1, 120.0, 64.4, 52.7, 30.7, 19.2, 13.8. 

HRMS (ESI) calcd. for C27H26O4Na[M+Na]+: 437.1729, found: 439.1727. [α]D
20 = -

70.2 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 

1.0 mL/min, λ = 254 nm), tR = 15.0 min (major), 20.0 min (minor), 91% ee. 
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methyl (E)-2-(2-((E)-3-oxo-3-phenoxyprop-1-en-1-yl)naphthalen-1-yl)-3-

phenylacrylate (5ag) 

 

The product 5ag was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (53% yield). 1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 

8.01 (d, J = 15.9 Hz, 1H), 7.98 – 7.88 (m, 2H), 7.83 (d, J = 8.7 Hz, 2H), 7.53 (m, 1H), 

7.44 (m, 1H), 7.41 – 7.34 (m, 2H), 7.29 – 7.19 (m, 1H), 7.18 – 7.12 (m, 1H), 7.12 – 

7.07 (m, 2H), 7.04 (dd, J = 8.5, 7.1 Hz, 2H), 6.89 (dd, J = 8.4, 1.4 Hz, 2H), 6.59 (d, J = 

15.8 Hz, 1H), 3.71 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.9, 165.2, 150.8, 144.04, 

144.0, 135.6, 134.4, 133.9, 132.0, 130.4, 130.1, 129.8, 129.4, 129.1, 128.54, 128.48, 

127.6, 127.5, 127.4, 125.9, 125.8, 123.1, 121.6, 119.0, 52.7. HRMS (ESI) calcd. for 

C29H22O4Na[M+Na]+: 457.1416, found: 457.1422. [α]D
20 = -31.0 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 16.8 min (major), 21.0 min (minor), 92% ee. 

 

methyl (E)-2-(2-((E)-3-oxo-3-(2,2,2-trifluoroethoxy)prop-1-en-1-yl)naphthalen-1-

yl)-3-phenylacrylate (5ah) 

 

The product 5ah was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (76% yield). 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 

7.99 – 7.84 (m, 3H), 7.82 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.7 Hz, 1H), 7.52 (m, 1H), 

7.43 (m, 1H), 7.12 (t, J = 7.3 Hz, 1H), 7.02 (t, J = 7.7 Hz, 2H), 6.91 – 6.81 (m, 2H), 

6.43 (d, J = 15.8 Hz, 1H), 4.51 (qd, J = 8.5, 3.1 Hz, 2H), 3.70 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 167.9, 165.0, 144.6, 144.1, 135.9, 134.5, 133.9, 132.0, 130.3, 129.81, 

129.75, 129.1, 128.52, 128.48, 127.7, 127.5, 127.3, 125.9, 123.1 (q, J = 277.83 Hz), 

123.0, 117.5, 60.3 (q, J = 36.7 Hz), 52.7. 19F NMR (471 MHz, CDCl3) δ -73.7. HRMS 

(ESI) calcd. for C25H29F3O4Na[M+Na]+: 463.1133, found: 463.1141. [α]D
20 = -29.4 (c 
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= 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 

mL/min, λ = 254 nm), tR = 14.0 min (major), 18.1 min (minor), 91% ee. 

 

methyl (E)-2-(2-((E)-4-methoxystyryl)naphthalen-1-yl)-3-phenylacrylate (5ai) 

 

The product 5ai was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (59% yield). 1H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 

7.91 – 7.86 (m, 2H), 7.84 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.3 Hz, 1H), 7.46 – 7.38 (m, 

1H), 7.38 – 7.29 (m, 3H), 7.16 – 7.06 (m, 3H), 7.02 (t, J = 7.7 Hz, 2H), 6.97 (d, J = 7.5 

Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 3.79 (s, 3H), 3.67 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 168.7, 159.4, 143.0, 134.3, 133.4, 133.0, 132.0, 131.3, 130.4, 130.3, 130.2, 

129.5, 128.52, 128.45, 128.3, 128.0, 126.9, 125.9, 125.2, 124.1, 122.9, 114.1, 55.3, 52.6. 

HRMS (ESI) calcd. for C28H24O3Na[M+Na]+: 443.1623, found: 443.1622. [α]D
20 = -

18.9 (c = 0.25, CHCl3), HPLC chiralcel AD-H column (10% isopropanol in hexanes, 

1.0 mL/min, λ = 254 nm), tR = 13.6 min (major), 23.3 min (minor), 98% ee. 

 

methyl (E)-2-(2-((E)-4-methoxystyryl)naphthalen-1-yl)-3-phenylacrylate (5aj) 

 

The product 5aj was purified with silica gel chromatography (petroleum ether/ethyl 

acetate = 10:1) as a white solid (60% yield). 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 

7.95 – 7.84 (m, 3H), 7.77 (dd, J = 8.3, 1.1 Hz, 1H), 7.55 (d, J = 8.1 Hz, 2H), 7.51 – 7.45 

(m, 3H), 7.41 (m, 1H), 7.33 (d, J = 16.2 Hz, 1H), 7.15 – 7.09 (m, 2H), 7.04 (dd, J = 8.4, 

7.1 Hz, 2H), 7.00 – 6.91 (m, 2H), 3.69 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.5, 

143.3, 140.9, 134.1, 133.4, 132.6, 132.4, 132.0, 130.3, 129.7, 129.5, 129.0, 128.8, 128.5, 

128.3, 128.2, 127.1, 126.8, 126.7, 126.5, 126.5, 125.6 (q, J = 3.8 Hz), 125.4, 122.9, 

52.7; 19F NMR (471 MHz, CDCl3) δ -62.5. HRMS (ESI) calcd. for 

C29H21F3O2Na[M+Na]+: 481.1391, found: 481.1386. [α]D
20 = -4.4 (c = 0.25, CHCl3), 



S39 
 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 8.8 min (major), 19.0 min (minor), 96% ee. 

 

3.4 Reduction of CCA 1 

 

To a stirred cold solution of CCA 1 (0.2 mmol) in dry Et2O (5mL), which was placed 

in a 25mL round flask. The mixture was stirred at -78 ℃. To this solution was added 

LAH (Lithium Aluminum Hydride) (0.6 mmol, 3 equiv) slowly. The resulting mixture 

was allowed to warm to room temterture and stirred for 2 hours until the substrate was 

consumed completely which was detected by TLC. Upon completion, the reaction was 

moved to 0 ℃, and 1.3 mL water added dropwisely followed by 1.3 mL NaOH solution 

(15% in water), and then 1.3 mL water was added dropwisely, furthur stired at room 

temperature for 15 minutes, after that, Na2SO4 solid was added, then filtered. Then 

water 10mL was added, organic layers was separated. The aqueous layer was extracted 

with EA (10 mL) for two times, and the organice layers were combined. The soultion 

was dried over Na2SO4 and concentrated. The residue was purified by flash column 

chromatography to afford 6. The product 6 was purified with silica gel chromatography 

(petroleum ether/ethyl acetate = 1:1) as a white solid (85% yield). 

 

1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.4 Hz, 1H), 7.90 (t, J = 8.8 Hz, 2H), 7.52 

(d, J = 8.4 Hz, 1H), 7.49 – 7.45 (m, 1H), 7.44 – 7.38 (m, 1H), 7.33 – 7.26 (m, 5H), 7.10 

– 7.00 (m, 3H), 7.00 – 6.92 (m, 3H), 4.23 – 3.87 (m, 2H); 13C NMR (126 MHz, CDCl3) 

δ 141.5, 138.2, 137.5, 136.3, 133.9, 133.0, 131.0, 129.3, 128.9, 128.7, 128.6, 128.32, 

128.25, 128.04, 127.95, 127.2, 127.1, 127.0, 126.1, 125.8, 67.7. HRMS (ESI) calcd. for 

C25H20ONa[M+Na]+: 359.1412, found: 359.1410. [α]D
20 = -40.1 (c = 0.25, CHCl3), 

HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 12.0 min (major), 10.8 min (minor), 94% ee. 
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3.5 Transformation of 5aa [3] 

 

To a suspension of NaH (60% dispersion in mineral oil, 3 equiv.) in dry DMF (5 mL) 

was added a solution of 5aa (0.2 mmol) and tosylmethylisocyanate (TosMIC) (1.2 

equiv) in dry DMF (0.3 M final concentration) dropwise at 0 ℃. Then the reaction 

mixture was stirred at 0 ℃ for 0.5 hours, diluted with ethyl acetate and brine. The 

organic layer was washed with water, dried over Na2SO4, filtered and concentrated. The 

crude product was dissolved in dry DMF and NaH (60% dispersion in mineral oil, 1.2 

equiv.) was added. The mixture was stirred for 20 minutes and iodomethane (1.2 equiv.) 

were added dropwise at 0 ℃. Then the reaction mixture was warmed to room 

temperature and stirred for 1 hours, diluted with ethyl acetate and brine. The organic 

layer was washed with water and, brine, dried over Na2SO4, filtered and concentrated. 

The residue was purified by flash chromatography (petroleum ether/ethyl acetate = 2:1) 

on silica gel to afford 7 as a white solid in 77% yield and 93% ee. 

 

1H NMR (500 MHz, CDCl3) δ 7.95 (s, 1H), 7.87 (d, J = 8.6 Hz, 2H), 7.75 (d, J = 8.5 

Hz, 1H), 7.55 (d, J = 8.5 Hz, 1H), 7.43 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.34 (ddd, J = 

8.2, 6.9, 1.3 Hz, 1H), 7.18 (d, J = 2.4 Hz, 1H), 7.13 – 7.07 (m, 1H), 7.03 (t, J = 7.6 Hz, 

2H), 7.00 – 6.92 (m, 2H), 6.20 (d, J = 2.4 Hz, 1H), 3.59 (s, 3H), 3.54 (s, 3H), 3.52 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ 169.0, 164.4, 141.9, 134.6, 132.8, 132.6, 131.6, 

131.5, 130.51, 130.48, 129.8, 129.1, 128.3, 128.2, 127.8, 126.8, 126.3, 125.6, 125.4, 

125.0, 122.4, 113.8, 52.1, 50.5, 36.6. HRMS (ESI) calcd. for C27H23NO4Na[M+Na]+: 

448.1525, found: 448.1520. [α]D
20 = -24.5 (c = 0.25, CHCl3), HPLC chiralcel AS-H 

column (5% isopropanol in hexanes, 0.5 mL/min, λ = 254 nm), tR = 43.3 min (major), 

50.0 min (minor), 93% ee. 
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3.6 CoIII-catalyzed enantioselective C(sp3)-H amidation of thioamide. [4] 

 

To an oven-dried 25 mL Schlenk tube was added thioamide 8 (0.20 mmol, 1.0 equiv), 

dioxazolone 9 (0.24 mmol, 1.2 equiv), CCA (0.02 mmol, 10 mol %), 

[Cp*Co(MeCN)3][SbF6]2 (0.01 mmol), activated MS13X (40 mg), and o-

dichlorobenzene (1 mL). The tube was then charged with N2. The reaction mixture was 

stirred for 24 hours at 40 °C, the reaction mixture was cooled to room temperature and 

purified by silica gel column chromatography (petroleum ether/ethyl acetate = 5:1). to 

afford 10. 

10 is known compound. 1H NMR (500 MHz, CDCl3) δ 7.87 – 7.83 (m, 1H), 7.77 (d, J 

= 8.1 Hz, 2H), 7.55 – 7.44 (m, 1H), 7.43 – 7.38 (m, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.27 

– 7.19 (m, 3H), 4.12 (d, J = 12.6 Hz, 3H), 4.02 – 3.84 (m, 3H), 3.19 (d, J = 14.2 Hz, 

1H), 2.97 (d, J = 14.2 Hz, 1H), 1.75 (s, 6H), 1.39 (s, 3H); 13C NMR (126 MHz, CDCl3) 

δ 207.5, 167.27, 136.3, 134.8, 131.3, 130.3, 128.5, 128.4, 127.02, 126.98, 54.4, 53.0, 

51.5, 43.5, 26.2, 24.2, 22.4. HPLC chiralcel IF column (10% isopropanol in hexanes, 

1.0 mL/min, λ = 284 nm). 

 

3.7 CoIII-catalyzed enantioselective 1, 4 - addition of indole and maleimides[5] 

 

To an oven-dried 25 mL Schlenk tube was added N-5-methyl-pyrimidyl indole 11 (0.20 

mmol, 1.0 equiv), maleimide 12 (0.4 mmol, 2 equiv), CCA (0.02 mmol, 10 mol %), 

[Cp*Co(MeCN)3][SbF6]2 (0.01 mmol), activated MS13X (40 mg). To the mixture were 

added tBuOK in TFE (0.1 M, 240 µL, 0.024 mmol, 12 mol %), TFE (560 µL), and 

DCM (200 µL) at 4 ºC, and the mixture was stirred at 10 ºC. After 72 hours, the reaction 

mixture was filtered through a short pad of silica gel and purified by silica gel column 
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chromatography (petroleum ether/ethyl acetate = 4/1 to 1/1) to afford 13 as white solid.. 

 

13 is known compound. 1H NMR (400 MHz, CDCl3) δ 8.56 (d, J = 8.5 Hz, 1H), 8.42 

(s, 2H), 7.56 (d, J = 7.7 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H), 6.68 

(s, 1H), 4.76 (dd, J = 9.4, 5.8 Hz, 1H), 3.31 – 3.00 (m, 4H), 2.89 (dd, J = 18.1, 5.8 Hz, 

1H), 2.29 (s, 3H). HPLC chiralcel IB column (50% isopropanol in hexanes, 0.5 mL/min, 

λ = 254 nm). 

 

3.8 General Procedure for CCAs 

For CCA 1 – CCA 3. 

A sealed tube with magnetic stir bar was charged with substrate (0.2 mmol), 

phenylboronic acid pinacol ester (0.4 mmol), Pd(OAc)2 (10 mol%, 4.5 mg), Boc-tert-

L-leucine (0.04 mmol, 9.2 mg), Ag2CO3(0.3 mol, 82.7 mg), BQ (0.1 mmol, 10.8 mg), 

KHCO3 (0.4 mmol, 40 mg), H2O 72 μL and tAmylOH 1 mL as solvent in air. The 

reaction mixture was stirred at 40 ℃ for 72 hours. Upon completion, the reaction was 

diluted with ethyl acetate, and filtered through a plug of Celite. The solvent was 

concentrated in vacuo and purified by preparative TLC (DCM/MeOH = 30:1) to afford 

the product. 

For CCA 4 – CCA 6. 

Substrate (0.2 mmol), Pd(OAc)2 (10 mol%, 4.5 mg), Boc-tert-L-leucine (0.06 mmol, 

14.0 mg) were placed in a Schlenck tube, which was filled with oxygen by using 

standard Schlenck techniques. After which, iPrOH (2mL) was added using a syringe. 

Olefin (0.6 mmol) and a solution of KOH (22.4 mg in 36 μL H2O) was added via 

microsyringe, subsequently. The reaction mixture was stirred at 30 ℃ for 72 hours. 

Upon completion, the reaction was diluted with ethyl acetate, and filtered through a 

plug of Celite. The solvent was concentrated in vacuo and purified by flash 

chromatography (DCM/MeOH = 100:1) to afford the product. 

 

(E)-3-phenyl-2-(2-phenylnaphthalen-1-yl)acrylic acid (CCA 1) 
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The product CCA 1 was purified with preparative TLC (DCM/MeOH = 30:1) as a white 

solid (77 % yield). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.91 (m, 3H), 7.87 – 7.81 (m, 

1H), 7.56 – 7.41 (m, 3H), 7.24 – 7.11 (m, 4H), 7.08 – 6.96 (m, 4H), 6.82 – 6.74 (m, 

2H);  13C NMR (126 MHz, CDCl3) δ 172.8, 144.7, 141.6, 139.3, 134.3, 132.8, 131.8, 

130.6, 130.4, 129.7, 128.8, 128.7, 128.6, 128.44, 128.39, 128.3, 127.7, 127.0, 126.9, 

126.1, 125.3. HRMS (ESI) calcd. for C25H18O2Na[M+Na]+: 373.1204, found: 373.1207. 

[α]D
20 = -16.9 (c = 0.25, CHCl3), The ee value determined by corresponding methyl 

ester (3ab) , HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, 

λ = 254 nm), tR = 11.6 min (major), 8.2 min (minor), 94% ee. 

 

(E)-2-(3,4-dimethyl-[1,1'-biphenyl]-2-yl)-3-phenylacrylic acid (CCA 2) 

 

The product CCA 2 was purified with preparative TLC (DCM/MeOH = 30:1) as a white 

solid (59 % yield). 1H NMR (400 MHz, CDCl3) δ 7.70 (s, 1H), 7.30 – 7.21 (m, 2H), 

7.19 – 7.11 (m, 5H), 7.08 (d, J = 7.7 Hz, 1H), 6.99 – 6.95 (m, 2H), 6.93 – 6.88 (m, 2H), 

2.37 (s, 3H), 2.14 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.3, 142.8, 141.8, 139.7, 

136.2, 135.2, 134.7, 133.4, 130.5, 130.3, 129.9, 129.6, 128.7, 128.3, 127.7, 127.5, 126.5, 

20.6, 16.4. HRMS (ESI) calcd. for C23H20O2Na[M+Na]+: 351.1361, found: 351.1358. 

[α]D
20 = -39.1 (c = 0.25, CHCl3), The ee value determined by corresponding methyl 

ester, HPLC chiralcel AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 

nm), tR = 5.5 min (major), 5.2 min (minor), 98% ee. 

 

(E)-2-(3-isopropyl-[1,1'-biphenyl]-2-yl)-3-phenylacrylic acid (CCA 3) 

 

The product CCA 3 was purified with preparative TLC (DCM/MeOH = 30:1) as a white 

solid (71 % yield). 1H NMR (500 MHz, CDCl3) δ 7.70 (s, 1H), 7.56 – 7.37 (m, 2H), 

7.23 (d, J = 7.4 Hz, 1H), 7.14 (dt, J = 17.6, 6.6 Hz, 6H), 6.99 (d, J = 7.2 Hz, 2H), 6.91 
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(d, J = 7.7 Hz, 2H), 2.95 (p, J = 6.8 Hz, 1H), 1.23 (d, J = 6.8 Hz, 3H), 1.01 (d, J = 6.8 

Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 173.0, 147.5, 143.2, 141.9, 134.6, 132.4, 130.6, 

129.7, 128.7, 128.6, 128.3, 128.1, 127.5, 126.7, 126.6, 125.1, 30.9, 24.1, 23.9. HRMS 

(ESI) calcd. for C24H22NaO2 [M+Na]+: 365.1517, found: 365.1513. [α]D
20 = -25.4 (c = 

0.25, CHCl3), The ee value determined by corresponding methyl ester, HPLC chiralcel 

AD-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 5.1 min 

(major), 6.0 min (minor), 99% ee. 

 

(E)-3-phenyl-2-(2-((E)-styryl)naphthalen-1-yl)acrylic acid (CCA 4) 

 

The product CCA 4 was purified with silica gel chromatography (DCM/MeOH = 100:1) 

as a white solid (72 % yield). 1H NMR (500 MHz, CDCl3) δ 8.32 (s, 1H), 7.90 - 7.86 

(m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.3 Hz, 1H), 7.43 - 7.31 (m, 4H), 7.31 – 

7.24 (m, 3H), 7.21 (d, J = 17.7 Hz, 1H), 7.14 – 7.08 (m, 2H), 7.01 (t, J = 7.7 Hz, 2H), 

6.97 (d, J = 7.7 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 173.0, 144.8, 137.3, 133.9, 

133.12, 133.09, 131.9, 131.2, 130.8, 130.6, 123.0, 128.8, 128.6, 128.5, 128.3, 127.7, 

127.0, 126.7, 126.1, 126.0, 125.2, 122.9. C27H20NaO2[M+Na]+: 399.1361 found: 

399.1355. [α]D
20 = -42.9 (c = 0.25, CHCl3), HPLC chiralcel AS-H column (10% 

isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), tR = 7.5 min (major), 12.3 min 

(minor), 99% ee. 

 

(E)-2-(2,3-dimethyl-6-((E)-styryl)phenyl)-3-phenylacrylic acid (CCA 5) 

 

The product CCA 5 was purified with silica gel chromatography (DCM/MeOH = 100:1) 

as a white solid (64 % yield). 1H NMR (500 MHz, CDCl3) δ 8.09 (s, 1H), 7.52 (d, J = 

8.0 Hz, 1H), 7.32 (d, J = 7.6 Hz, 2H), 7.22 (dt, J = 14.3, 7.4 Hz, 4H), 7.14 (q, J = 7.1 

Hz, 3H), 7.07 – 6.99 (m, 3H), 6.91 (d, J = 16.1 Hz, 1H), 2.29 (s, 3H), 2.04 (s, 3H); 13C 
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NMR (126 MHz, CDCl3) δ 172.9, 143.1, 137.7, 136.7, 135.1, 134.4, 134.0, 133.8, 130.5, 

130.2, 129.9, 129.6, 129.4, 128.6, 128.5, 127.4, 126. 6, 122.9, 20.7, 16.4. HRMS (ESI) 

calcd. for C25H22O2Na[M+Na]+: 377.1517, found: 377.1510. [α]D
20 = -61.0 (c = 0.25, 

CHCl3), HPLC chiralcel As-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 

254 nm), tR = 5.3 min (major), 8.2 min (minor), 99% ee. 

 

(E)-2-(2-isopropyl-6-((E)-styryl)phenyl)-3-phenylacrylic acid (CCA 6) 

 

The product CCA 6 was purified with silica gel chromatography (DCM/MeOH = 100:1) 

as a white solid (76 % yield). 1H NMR (400 MHz, CDCl3) δ 8.10 (s, 1H), 7.60 (dd, J = 

7.7, 1.1 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.31 (td, J = 7.4, 1.4 Hz, 3H), 7.28 – 7.17 (m, 

2H), 7.20 – 7.05 (m, 5H), 7.02 (d, J = 7.3 Hz, 2H), 6.94 (d, J = 16.1 Hz, 1H), 2.89 (p, 

J = 6.8 Hz, 1H), 1.14 (d, J = 6.8 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H); 13C NMR (126 MHz, 

CDCl3) δ 173.1, 147.5, 143.6, 137.5, 136.2, 134.4, 132.7, 130.7, 130.5, 123.0, 128.90, 

128.85, 128.6, 128.5, 127.5, 126.6, 125.4, 123.3, 30.9, 24.0, 23.9. HRMS (ESI) calcd. 

for C26H24O2Na[M+Na]+: 391.1674, found: 391.1670. [α]D
20 = -33.6 (c = 0.25, CHCl3), 

HPLC chiralcel AS-H column (10% isopropanol in hexanes, 1.0 mL/min, λ = 254 nm), 

tR = 5.5 min (major), 6.5 min (minor), >99% ee. 
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X-ray Crystallographic Data of 5aa 

 5aa 

Empirical formula C24H20O4 

Formula weight 372.40 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.99240(10) 

b/Å 19.5139(2) 

c/Å 23.2425(2) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 4078.52(7) 

Z 8 

ρcalcg/cm3 1.213 

μ/mm-1 0.664 

F(000) 1568.0 

Crystal size/mm3 ? × ? × ? 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.608 to 146.386 

Index ranges -11 ≤ h ≤ 10, -24 ≤ k ≤ 24, -28 ≤ l ≤ 28 

Reflections collected 42944 

Independent reflections 8078 [Rint = 0.0341, Rsigma = 0.0182] 

Data/restraints/parameters 8078/10/509 

Goodness-of-fit on F2 1.578 

Final R indexes [I>=2σ (I)] R1 = 0.0670, wR2 = 0.1995 

Final R indexes [all data] R1 = 0.0754, wR2 = 0.2077 

Largest diff. peak/hole / e Å-3 0.40/-0.24 

Flack parameter -0.07(8) 
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X-ray Crystallographic Data of CCA 1 

                CCA1  

Empirical formula C25H18O2 

Formula weight 350.39 

Temperature/K 293(2) 

Crystal system triclinic 

Space group P1 

a/Å 8.6935(2) 

b/Å 11.1218(2) 

c/Å 12.2142(2) 

α/° 87.3760(10) 

β/° 70.785(2) 

γ/° 81.6190(10) 

Volume/Å3 1103.26(4) 

Z 2 

ρcalcg/cm3 1.055 

μ/mm-1 0.520 

F(000) 368.0 

Crystal size/mm3 0.4 × 0.4 × 0.2 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.666 to 139.896 

Index ranges -10 ≤ h ≤ 10, -13 ≤ k ≤ 13, -14 ≤ l ≤ 14 

Reflections collected 36949 

Independent reflections 7868 [Rint = 0.0270, Rsigma = 0.0128] 

Data/restraints/parameters 7868/3/489 

Goodness-of-fit on F2 1.079 

Final R indexes [I>=2σ (I)] R1 = 0.0603, wR2 = 0.1552 

Final R indexes [all data] R1 = 0.0607, wR2 = 0.1562 

Largest diff. peak/hole / e Å-3 0.27/-0.47 

Flack parameter 0.11(6) 
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4. NMR Data 

 

 
1H NMR Spectrum of 1a (CDCl3, 500 MHz) 

 

 
13C NMR Spectrum of 1a (CDCl3, 126 MHz) 
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1H NMR Spectrum of 1b (CDCl3, 400 MHz) 

13C NMR Spectrum of 1b (CDCl3, 101 MHz) 
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1H NMR Spectrum of 1c (CDCl3, 400 MHz)

 

13C NMR Spectrum of 1c (CDCl3, 101 MHz)  



S52 
 

 

1H NMR Spectrum of 1d (CDCl3, 500 MHz)

 

13C NMR Spectrum of 1d (CDCl3, 126 MHz) 
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1H NMR Spectrum of 1e (CDCl3, 400 MHz)

 

13C NMR Spectrum of 1e (CDCl3, 101 MHz)
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1H NMR Spectrum of 1f (CDCl3, 500 MHz)

 

13C NMR Spectrum of 1f (CDCl3, 126 MHz)
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19F NMR Spectrum of 1f (471 MHz, CDCl3)

 

1H NMR Spectrum of 1g (500 MHz, DMSO-d6) 
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13C NMR Spectrum of 1g (126 MHz, DMSO-d6)

 

1H NMR Spectrum of 1h (CDCl3, 500 MHz)
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13C NMR Spectrum of 1h (CDCl3, 126 MHz)

 

1H NMR Spectrum of 1i (CDCl3, 500 MHz)
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13C NMR Spectrum of 1i (CDCl3, 126 MHz)

 

1H NMR Spectrum of 1j (CDCl3, 500 MHz)
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13C NMR Spectrum of 1j (CDCl3, 126 MHz)

 

1H NMR Spectrum of 1k (CDCl3, 500 MHz)
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13C NMR Spectrum of 1k (CDCl3, 126 MHz)

 

1H NMR Spectrum of 1l (CDCl3, 500 MHz)
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13C NMR Spectrum of 1l (CDCl3, 126 MHz)

 

1H NMR Spectrum of 1m (CDCl3, 500 MHz)
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13C NMR Spectrum of 1m (CDCl3, 126 MHz) 1H NMR Spectrum of 1n (CDCl3, 500 MHz) 13C 

NMR Spectrum of 1n (CDCl3, 126 MHz) 

 

 

1H NMR Spectrum of 3aa (CDCl3, 500 MHz)



S63 
 

 

13C NMR Spectrum of 3aa (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3ba (CDCl3, 500 MHz)
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13C NMR Spectrum of 3ba (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3ca (CDCl3, 500 MHz)
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13C NMR Spectrum of 3ca (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3da (CDCl3, 500 MHz)
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13C NMR Spectrum of 3da (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3ea (CDCl3, 500 MHz)
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13C NMR Spectrum of 3ea (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3fa (CDCl3, 500 MHz)
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13C NMR Spectrum of 3fa (CDCl3, 126 MHz)

 

19F NMR Spectrum of 3fa (CDCl3, 471 MHz)
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1H NMR Spectrum of 3ga (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ga (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ia (CDCl3, 500 MHz) 

13C NMR Spectrum of 3ia (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ja (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ja (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ka (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ka (CDCl3, 126 MHz)
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1H NMR Spectrum of 3la (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3la (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ma (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ma (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ab (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ab (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ac (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ac (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ad (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ad (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ae (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ae (CDCl3, 126 MHz)
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19F NMR Spectrum of 3ae (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3af (CDCl3, 400 MHz) 
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13C NMR Spectrum of 3af (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3ag (CDCl3, 500 MHz)



S81 
 

 

13C NMR Spectrum of 3ag (CDCl3, 126 MHz)

 

1H NMR Spectrum of 3ah (CDCl3, 500 MHz)
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13C NMR Spectrum of 3ah (CDCl3, 126 MHz)

 

19F NMR Spectrum of 3ah (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ai (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ai (CDCl3, 126 MHz)
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1H NMR Spectrum of 3aj (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3aj (CDCl3, 126 MHz)
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1H NMR Spectrum of 3ak (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3ak (CDCl3, 126 MHz)
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1H NMR Spectrum of 3al (CDCl3, 500 MHz)

 

13C NMR Spectrum of 3al (CDCl3, 126 MHz)
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19F NMR Spectrum of 3al (CDCl3, 126 MHz)

1H NMR Spectrum of 3am (CDCl3, 500 MHz) 



S88 
 

13C NMR Spectrum of 3am (CDCl3, 126 MHz)

19F NMR Spectrum of 3am (CDCl3, 126 MHz) 
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1H NMR Spectrum of 3an (CDCl3, 500 MHz) 

13C NMR Spectrum of 3am (CDCl3, 126 MHz) 
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1H NMR Spectrum of 5aa (CDCl3, 400 MHz)

 

13C NMR Spectrum of 5aa (CDCl3, 101 MHz)
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1H NMR Spectrum of 5ba (CDCl3, 500 MHz) 

 

13C NMR Spectrum of 5ba (CDCl3, 126 MHz)
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1H NMR Spectrum of 5ca (CDCl3, 500 MHz)

 

13C NMR Spectrum of 5ca (CDCl3, 126 MHz)
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1H NMR Spectrum of 5da (CDCl3, 500 MHz)

 

13C NMR Spectrum of 5da (CDCl3, 126 MHz)



S94 
 

 

1H NMR Spectrum of 5ea (CDCl3, 500 MHz)

 

13C NMR Spectrum of 5ea (CDCl3, 126 MHz)
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1H NMR Spectrum of 5fa (CDCl3, 500 MHz)

 

13C NMR Spectrum of 5fa (CDCl3, 126 MHz)
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19F NMR Spectrum of 5fa (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ga (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ga (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ha (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ha (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ia (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ia (CDCl3, 126 MHz) 

 

1H NMR Spectrum of 5ja (CDCl3, 500 MHz) 
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13C NMR Spectrum of 5ja (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ka (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ka (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5la (CDCl3, 500 MHz)
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13C NMR Spectrum of 5la (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ma (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ma (CDCl3, 126 MHz) 

 

1H NMR Spectrum of 5ab (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ab (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ac (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ac (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ad (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ad (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ae (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ae (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5af (CDCl3, 500 MHz)
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13C NMR Spectrum of 5af (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ag (CDCl3, 500 MHz)
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13C NMR Spectrum of 5ag (CDCl3, 126 MHz)

 

1H NMR Spectrum of 5ah (CDCl3, 500 MHz)



S110 
 

 

13C NMR Spectrum of 5ah (CDCl3, 126 MHz)

 

19F NMR Spectrum of 5ah (CDCl3, 126 MHz)
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1H NMR Spectrum of 5ai (CDCl3, 500 MHz)

 

13C NMR Spectrum of 5ai (CDCl3, 126 MHz)
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1H NMR Spectrum of 5aj (CDCl3, 500 MHz) 

 

13C NMR Spectrum of 5aj (CDCl3, 126 MHz)
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19F NMR Spectrum of 5aj (CDCl3, 471 MHz)

 

1H NMR Spectrum of 6 (CDCl3, 500 MHz) 
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13C NMR Spectrum of 6 (CDCl3, 126 MHz)

 

1H NMR Spectrum of 7 (CDCl3, 500 MHz) 
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13C NMR Spectrum of 7 (CDCl3, 126 MHz) 

1H NMR Spectrum of 10 (CDCl3, 500 MHz) 
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13 C NMR Spectrum of 10 (CDCl3, 500 MHz) 

1H NMR Spectrum of 13 (CDCl3, 400 MHz) 
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1H NMR Spectrum of CCA 1 (CDCl3, 400 MHz) 

 
13C NMR Spectrum of CCA 1 (CDCl3, 101 MHz) 
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1H NMR Spectrum of CCA 2 (CDCl3, 400 MHz) 

 

 
13C NMR Spectrum of CCA 2 (CDCl3, 101 MHz) 
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1H NMR Spectrum of CCA 3 (CDCl3, 500 MHz) 

13C NMR Spectrum of CCA 3 (CDCl3, 126 MHz)  
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1H NMR Spectrum of CCA 4 (CDCl3, 500 MHz)

13C NMR Spectrum of CCA 4 (CDCl3, 126 MHz)



S121 
 

1H NMR Spectrum of CCA 5 (CDCl3, 500 MHz)

 
1H NMR Spectrum of CCA 5 (CDCl3, 500 MHz) 
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1H NMR Spectrum of CCA 6 (CDCl3, 500 MHz) 

13C NMR Spectrum of CCA 6 (CDCl3, 126 MHz) 

 



S123 
 

5. HPLC Data 

General Information:  

The Chinese character “色谱图” means “Chromatogram”, “峰表” means “Peak Table”, 

“峰号” means “Peak Number”, “保留时间” means “Retention Time”, “面积” means 

“Peak Area”, “高度” means “Peak Height”, and “面积%” means “Peak Area%”. 
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