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1. General information 

Commercially available materials purchased from Alfa Aesar or Sigma-Aldrich were 

used as received. Proton nuclear magnetic resonance (1H NMR) spectra were recorded 

on a Bruker BBFO (400 MHz) spectrometer. Chemical shifts were recorded in parts 

per million (ppm, δ) relative to tetramethylsilane (δ 0.00) or chloroform ( = 7.26, 

singlet). 1H NMR splitting patterns are designated as s (singlet), d (doublet), t (triplet), 

q (quartet), dd (doublet of doublets); m (multiplet), and etc. All first-order splitting 

patterns were assigned on the basis of the appearance of the multiplet. Splitting 

patterns that could not be easily interpreted are designated as m (multiplet) or br 

(broad). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded on a 

Bruker BBFO (100 MHz) spectrometer. High resolution mass spectral analysis 

(HRMS) was performed on Finnigan MAT 95 XP mass spectrometer (Thermo 

Electron Corporation). The determination of ee was performed via chiral HPLC 

analysis using Shimadzu LC-20AD HPLC workstation. X-ray crystallography 

analysis was performed on Bruker X8 APEX X-ray diffractionmeter. Optical rotations 

were measured using a 1 mL cell with a 1 dm path length on a Jasco P-1030 

polarimeter and are reported as follows: [α]D
25 (c in g per 100 mL solvent). Analytical 

thin-layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica 

gel plate (0.2 mm thickness). Visualization was performed using a UV lamp.  
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2. Screening of reaction conditions[a] 

 

[a] General conditions (unless otherwise specified): 1a (0.1 mmol), 2a (0.15 mmol), NHC pre-cat. 

(20 mol%), chiral amine(10 mol%), 4 Ǻ MS (50 mg), K2CO3 (1.0 equiv), solvent (1.0 mL), rt, 

open to air, 48 h. [b] Isolated yield. [c] Determined by chiral HPLC. [d] 0.5 eq. K2CO3. [e] 1.5 eq. 

K2CO3. [f] Run at 50 °C. [g] Under N2 atmosphere 

Entry NHC  Chiral amine Solvent Yield (%)[b] ee (%)[c] 

1 NHC-A quinine DCE 45 28 

2 NHC-A cinchonine DCE 40 8 

3 NHC-A quinidine DCE 37 3 

4 NHC-A cinchonidine DCE 65 67 

5 NHC-A (DHQD)2PYR DCE 72 94 

6 NHC-A (DHQD)2PHAL DCE 63 30 

7 NHC-B (DHQD)2PYR DCE 56 94 

8 NHC-C (DHQD)2PYR DCE 48 94 

9 NHC-D (DHQD)2PYR DCE 62 94 

10 NHC-A (DHQD)2PYR CH2Cl2 68 93 

11 NHC-A (DHQD)2PYR CHCl3 70 78 

12 NHC-A (DHQD)2PYR Toluene 67 88 

13 NHC-A (DHQD)2PYR THF 70 92 

14[d] NHC-A (DHQD)2PYR DCE 51 93 

15[e] NHC-A (DHQD)2PYR DCE 74 81 

16[f] NHC-A (DHQD)2PYR DCE 90 94 

17[g] NHC-A (DHQD)2PYR DCE 0 - 
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3. General procedure for the synthesis of 3 and 4 

To a dry tube equipped with a magnetic stirring bar, was added 1 (0.1 mmol), 2 (0.15 

mmol), NHC precatalyst salt A (0.02 mmol), 4 Å MS (50 mg), K2CO3 (1.0 equiv) and 

DCE (1 mL). The reaction was opened to air and stirred at 50 ℃ for 48 h till 1a was 

completely consumed (monitored by TLC). After that, the crude residue were purified 

by flash chromatography to afford the desired products 3 or 4, which were confirmed 

by 1H NMR, 13C NMR spectrum. 

4. Control experiments[1] 

 

 

 



S4 

 

 

 

 

 

All reactions performed on a 0.1 mmol scale, general conditions: K2CO3 (1.0 equiv), 

DCE (0.1 M), 4 Ǻ MS (50 mg). 

5. Stereochemistry determination and X-ray structures 

Absolute configurations of the products 3 and 4 were assigned based on 

the crystal X-ray structures of 4j (CCDC number 2287548) which was 

obtained as colorless needles via evaporation of a hexane/CH2Cl2 solution. 

These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

http://www.ccdc.cam.ac.uk/data_request/cif
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6. Compound characterization  

Methyl (R)-2-((N-benzoylbenzamido)(phenyl)methyl)acrylate (3a) 

Product 3a was obtained 35.9 mg in 90 % yield as white solid. mp: 111- 112℃, [α]D
25 

= + 74.1 (c = 1.0 in CHCl3).  

1H NMR (400 MHz, CDCl3): δ
 7.60-7.57 (m, 2H), 7.38-7.35 (m, 

6H), 7.29 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 7.4 Hz, 2H), 7.11-7.07 

(m, 4H), 6.93 (t, J = 1.8 Hz, 1H), 6.54 (d, J = 0.9 Hz, 1H), 5.71 (d, 

J = 1.5 Hz, 1H), 3.73 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 166.5, 139.1, 137.7, 137.4, 131.7, 129.5, 129.1, 

128.8, 128.6, 128.1, 128.0, 61.6, 52.1. 

HRMS (ESI, m/z): calcd. For C25H22NO4 [M+H]+: 400.1543, found: 400.1542; 

HPLC analysis: 94% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 24.2 min (minor), 41.6 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-2-fluorobenzamido)(phenyl)methyl)acrylate (3b)  

Product 3b was obtained 37.1 mg in 89 % yield as colorless oil. [α]D
25

 = + 40.3 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.61-7.53 (m, 2H), 7.44-7.19 

(m, 7H), 7.17-7.07 (m, 3H), 6.97-6.86 (m, 2H), 6.71-6.64 (m, 

1H), 6.56 (t, J = 0.9 Hz, 1H), 5.78 (d, J = 1.4 Hz, 1H), 3.73 (s, 

3H). 
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13C NMR (100 MHz, CDCl3): δ
 173.2, 168.2, 166.5, 160.0, 157.5, 138.8, 137.3, 136.7, 

133.1, 133.0, 132.0, 129.9, 129.9, 129.6, 129.1, 128.7, 128.5, 128.1, 128.0, 125.8, 

125.6, 123.9, 123.9, 115.9, 115.7, 61.2, 52.1. 

19F NMR (376 MHz, CDCl3): δ – 111.5. 

HRMS (ESI, m/z): calcd. For C25H21FNO4 [M+H]+: 418.1449, found: 418.1451; 

HPLC analysis: 92% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 26.0 min (minor), 35.4 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-2-chlorobenzamido)(phenyl)methyl)acrylate (3c) 

Product 3c was obtained 37.2 mg in 86 % yield as colorless oil. [α]D
25

 = + 62.4 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.60 (d, J = 7.4 Hz, 2H), 

7.39-7.35 (m, 4H), 7.32-7.28 (m, 1H), 7.25-7.19 (m, 2H), 7.14 (t, 

J = 7.4 Hz, 2H), 7.05-7.02 (m, 2H), 6.99-6.95 (m, 1H), 6.90 (t, J 

= 1.9 Hz, 1H), 6.55 (d, J = 1.1 Hz, 1H), 5.74 (s, 1H), 3.74 (s, 

3H). 

13C NMR (100 MHz, CDCl3): δ
 173.7, 169.1, 166.5, 138.7, 137.3, 137.1, 136.1, 132.5, 

131.8, 131.4, 130.4, 129.5, 129.3, 129.1, 128.6, 128.4, 128.2, 128.1, 126.2, 61.2, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21ClNO4 [M+H]+: 434.1154, found: 434.1155; 

HPLC analysis: 92% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 17.1 min (minor), 20.5 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-3-fluorobenzamido)(phenyl)methyl)acrylate (3d)  

Product 3d was obtained 35.9 mg in 86 % yield as colorless oil. [α]D
25

 = + 126.7 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 7.2 Hz, 2H), 

7.42-7.20 (m, 6H), 7.18-7.00 (m, 5H), 6.90-6.84 (m, 2H), 6.54 (d, 

J = 1.1 Hz, 1H), 5.68 (d, J = 1.6 Hz, 1H), 3.74 (s, 3H). 
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13C NMR (100 MHz, CDCl3): δ 173.3, 172.1, 172.1, 166.4, 163.22, 160.7, 139.4, 

139.4, 138.9, 137.5, 137.1, 132.0, 129.8, 129.7, 129.6, 129.0, 128.9, 128.7, 128.3, 

128.1, 124.4, 124.4, 118.7, 118.5, 115.9, 115.6, 61.7, 52.2. 

19F NMR (376 MHz, CDCl3): δ – 112.0. 

HRMS (ESI, m/z): calcd. For C25H21FNO4 [M+H]+: 418.1449, found: 418.1451; 

HPLC analysis: 91% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 15.1 min (minor), 20.7 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-3-chlorobenzamido)(phenyl)methyl)acrylate (3e)  

Product 3e was obtained 38.1 mg in 88% yield as white solid. mp: 124-125℃. [α]D
25

 = 

+ 101.9 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 7.3 Hz, 2H), 7.38 – 

7.29 (m, 6H), 7.25-7.20 (m, 2H), 7.14-7.10 (m, 3H), 7.01 (t, J = 

7.9 Hz, 1H), 6.89 (s, 1H), 6.54 (d, J = 1.2 Hz, 1H), 5.67 (d, J = 

1.7 Hz, 1H), 3.72 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.3, 172.0, 166.4, 138.9, 138.9, 

137.5, 137.1, 134.1, 132.0, 131.5, 129.6, 129.4, 129.0, 128.8, 128.8, 128.7, 128.3, 

128.2, 126.7, 61.7, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21ClNO4 [M+H]+: 434.1154, found: 434.1155; 

HPLC analysis: 91% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 14.0 min (minor), 29.6 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-4-methylbenzamido)(phenyl)methyl)acrylate (3f)  

Product 3f was obtained 35.1 mg in 85 % yield as colorless oil. [α]D
25

 = + 72.1 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ
 7.59-7.54 (m, 2H), 7.39-7.23 (m, 

7H), 7.18-7.14 (m, 1H), 7.09-7.04 (m, 2H), 6.94-6.86 (m, 3H), 



S8 

 

6.53-6.51 (m, 1H), 5.71 (d, J = 1.4 Hz, 1H), 3.69 (s, 3H), 2.15 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 173.4, 166.5, 142.5, 139.3, 137.8, 137.4, 134.6, 

131.6, 129.4, 129.1, 129.0, 128.8, 128.8, 128.6, 128.1, 128.0, 61.5, 52.1, 21.4. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1702; 

HPLC analysis: 93% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 23.8 min (minor), 37.4 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-4-methoxybenzamido)(phenyl)methyl)acrylate (3g)  

Product 3g was obtained 37.8 mg in 88 % yield as colorless oil. [α]D
25

 = + 43.8 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.58-7.55 (m, 2H), 7.41-7.33 (m, 

6H), 7.29-7.25 (m, 1H), 7.22-7.17 (m, 1H), 7.13-7.09 (m, 2H), 

6.92-6.91 (m, 1H), 6.60-6.57 (m, 2H), 6.53 (d, J = 0.8 Hz, 1H), 

5.70 (d, J = 1.4 Hz, 1H), 3.71 (s, 3H), 3.70 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.2, 173.0, 166.5, 162.4, 139.3, 

137.7, 137.4, 131.5, 131.3, 129.7, 129.3, 129.1, 128.6, 128.6, 128.1, 127.9, 113.4, 

61.5, 55.3, 52.1. 

HRMS (ESI, m/z): calcd. For C26H24NO5 [M+H]+: 430.1649, found: 430.1652; 

HPLC analysis: 99% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 31.6 min (minor), 54.0 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-4-fluorobenzamido)(phenyl)methyl)acrylate (3h)  

Product 3h was obtained 37.5 mg in 90 % yield as colorless oil. [α]D
25

 = + 98.6 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.59-7.55 (m, 2H), 7.42-7.34 (m, 

6H), 7.31-7.28 (m, 1H), 7.23-7.18 (m, 1H), 7.12-7.07 (m, 2H), 

6.91-6.90 (m, 1H), 6.80-6.74 (m, 2H), 6.53 (d, J = 1.1 Hz, 1H), 

5.68 (d, J = 1.6 Hz, 1H), 3.71 (s, 3H). 
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13C NMR (100 MHz, CDCl3): δ
 173.3, 172.4, 166.4, 165.6, 163.1, 139.0, 137.6, 137.2, 

133.7, 133.6, 131.8, 131.4, 131.3, 131.2, 129.5, 129.0, 128.7, 128.7, 128.2, 128.1, 

115.6, 115.4, 115.2, 61.7, 52.1. 

19F NMR (376 MHz, CDCl3): δ – 106.2. 

HRMS (ESI, m/z): calcd. For C25H21FNO4 [M+H]+: 418.1449, found: 418.1451; 

HPLC analysis: 95% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 24.0 min (minor), 34.8 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-4-chlorobenzamido)(phenyl)methyl)acrylate (3i)  

Product 3i was obtained 39.5 mg in 91% yield as colorless oil. [α]D
25

 = + 88.0 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.58-7.55 (m, 2H), 7.38-7.27 (m, 

7H), 7.25-7.20 (m, 1H), 7.14-7.05 (m, 4H), 6.88 (s, 1H), 6.53 (d, J 

= 1.0 Hz, 1H), 5.67 (d, J = 1.6 Hz, 1H), 3.72 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.3, 172.5, 166.4, 139.0, 137.9, 

137.5, 137.2, 135.8, 132.0, 130.2, 129.6, 129.0, 128.8, 128.7, 

128.4, 128.3, 128.1, 61.7, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21ClNO4 [M+H]+: 434.1154, found: 434.1157; 

HPLC analysis: 94% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 16.1 min (minor), 21.1 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-4-(trifluoromethyl)benzamido)(phenyl)methyl)acrylate 

(3j)  

Product 3j was obtained 31.8 mg in 68 % yield as colorless oil. [α]D
25

 = +103.6 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.59-7.56 (m, 2H), 7.45 (d, J = 

8.2 Hz, 2H), 7.40-7.31 (m, 7H), 7.25-7.20 (m, 1H), 7.12-7.09 (m, 
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2H), 6.87 (t, J = 1.9 Hz, 1H), 6.55 (d, J = 1.4 Hz, 1H), 5.66 (d, J = 1.8 Hz, 1H), 3.74 

(s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.4, 172.3, 166.4, 140.6, 138.8, 137.4, 137.1, 132.9, 

132.6, 132.1, 129.7, 129.0, 128.9, 128.9, 128.8, 128.3, 128.2, 125.2, 125.1, 125.0, 

125.0, 124.6, 121.9, 61.8, 52.2. 

19F NMR (376 MHz, CDCl3): δ – 63.4. 

HRMS (ESI, m/z): calcd. For C26H21F3NO4 [M+H]+: 468.1417, found: 468.1420; 

HPLC analysis: 93% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 13.4 min (minor), 16.2 min (major)]. 

 

Methyl (R)-2-((N-(2-methylbenzoyl)benzamido)(phenyl)methyl)acrylate (3k)  

Product 3k was obtained 33.9 mg in 82% yield as colorless oil. [α]D
25

 = + 88.2 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.61 (d, J = 7.4 Hz, 2H), 

7.39-7.35 (m, 2H), 7.31-7.27 (m, 3H), 7.20-7.15 (m, 2H), 

7.11-7.07 (m, 2H), 7.03-6.94 (m, 2H), 6.89 (t, J = 1.8 Hz, 1H), 

6.77 (d, J = 7.3 Hz, 1H), 6.53 (d, J = 1.0 Hz, 1H), 5.70 (s, 1H), 

3.73 (s, 3H), 2.19 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 174.1, 172.6, 166.5, 139.1, 138.2, 138.0, 137.7, 136.6, 

131.4, 131.0, 130.8, 129.3, 128.7, 128.1, 128.0, 127.9, 127.9, 125.2, 61.2, 52.2, 19.8. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1700; 

HPLC analysis: 89% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 19.7 min (minor), 23.3 min (major)]. 

 

Methyl (R)-2-((N-(2-bromobenzoyl)benzamido)(phenyl)methyl)acrylate (3l)  

Product 3l was obtained 40.5 mg in 85 % yield as colorless oil. [α]D
25

 = + 66.8 (c = 1.0 

in CHCl3) 
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1H NMR (400 MHz, CDCl3): δ 7.60 (d, J = 7.4 Hz, 2H), 

7.41-7.35 (m, 4H), 7.34-7.28 (m, 1H), 7.26-7.13 (m, 5H), 7.10 

(td, J = 7.6, 1.1 Hz, 1H), 6.95 (td, J = 7.8, 1.7 Hz, 1H), 6.89 (s, 

1H), 6.55 (d, J = 1.1 Hz, 1H), 5.74 (s, 1H), 3.74 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 173.8, 169.5, 166.5, 138.7, 

137.7, 137.3, 137.2, 133.8, 131.8, 131.4, 129.3, 129.2, 128.7, 128.4, 128.2, 128.1, 

126.7, 121.8, 61.3, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21BrNO4 [M+H]+: 478.0648, found: 478.0649; 

HPLC analysis: 92% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 28.8 min (minor), 32.8 min (major)]. 

 

Methyl (R)-2-((N-(3-methylbenzoyl)benzamido)(phenyl)methyl)acrylate (3m)  

Product 3m was obtained 31.4 mg in 76 % yield as colorless oil. [α]D
25

 = + 71.5 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.63-7.54 (m, 2H), 7.37-7.33 

(m, 4H), 7.29-7.25 (m, 1H), 7.19-7.14 (m, 3H), 7.09-7.05 (m, 

2H), 6.97-6.93 (m, 3H), 6.53 (d, J = 0.9 Hz, 1H), 5.71 (d, J = 

1.4 Hz, 1H), 3.71 (s, 3H), 2.14 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.6, 173.6, 166.5, 139.2, 

137.8, 137.7, 137.4, 137.2, 132.4, 131.5, 129.5, 129.3, 129.1, 128.7, 128.6, 128.1, 

128.0, 128.0, 126.0, 61.5, 52.1, 21.0. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1699; 

HPLC analysis: 93% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 19.1 min (minor), 43.9 min (major)]. 

 

Methyl (R)-2-((N-(4-methylbenzoyl)benzamido)(phenyl)methyl)acrylate (3n)  

Product 3n was obtained 30.6 mg in 74 % yield as colorless oil. [α]D
25

 = + 61.0 (c = 

1.0 in CHCl3) 
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1H NMR (400 MHz, CDCl3): δ 7.60-7.54 (m, 2H), 7.39-7.24 (m, 

7H), 7.19-7.15 (m, 1H), 7.10-7.05 (m, 2H), 6.94-6.87 (m, 3H), 

6.54-6.52 (m, 1H), 5.71 (d, J = 1.4 Hz, 1H), 3.70 (s, 3H), 2.16 (s, 

3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 173.4, 166.5, 142.5, 139.2, 

137.7, 137.4, 134.5, 131.6, 129.4, 129.1, 129.0, 128.9, 128.8, 128.6, 128.1, 128.0, 

61.5, 52.1, 21.3. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1701; 

HPLC analysis: 91% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 23.5 min (minor), 37.9 min (major)]. 

 

Methyl (R)-2-((N-benzoyl-1-naphthamido)(phenyl)methyl)acrylate (3o)  

Product 3o was obtained 41.8 mg in 93% yield as white solid. mp: 66 - 67℃. [α]D
25

 = 

+ 87.0 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 8.18 (d, J = 8.5 Hz, 1H), 7.69 

(d, J = 7.4 Hz, 2H), 7.58 (dd, J = 14.6, 8.2 Hz, 2H), 7.49-7.28 

(m, 6H), 7.23-7.13 (m, 3H), 7.04 (s, 1H), 6.81-6.67 (m, 3H), 

6.57 (d, J = 0.9 Hz, 1H), 5.76 (s, 1H), 3.77 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 174.2, 172.0, 166.6, 139.2, 

137.7, 137.1, 135.1, 133.1, 131.9, 130.5, 130.1, 129.4, 129.3, 128.7, 128.1, 127.9, 

127.9, 127.6, 127.1, 127.0, 126.4, 125.4, 123.9, 61.1, 52.2. 

HRMS (ESI, m/z): calcd. For C29H24NO4 [M+H]+: 450.1700, found: 450.1702; 

HPLC analysis: 92% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 34.23 min (minor), 50.8 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(o-tolyl)methyl)acrylate (4a)  

Product 4a was obtained 33.1 mg in 80% yield as colorless oil. [α]D
25

 = + 182.8 (c = 

1.0 in CHCl3) 



S13 

 

1H NMR (400 MHz, CDCl3): δ 7.77 (d, J = 7.4 Hz, 1H), 

7.42-7.40 (m, 4H), 7.27-7.14 (m, 5H), 7.11-7.04 (m, 5H), 6.48 

(d, J = 0.5 Hz, 1H), 5.52 (d, J = 1.2 Hz, 1H), 3.70 (s, 3H), 2.42 

(s, 3H). 

 13C NMR (100 MHz, CDCl3): δ 173.6, 166.4, 138.2, 137.4, 136.4, 136.3, 131.6, 

130.5, 129.6, 129.0, 128.9, 128.1, 128.0, 126.4, 58.6, 52.1, 19.2. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1703; 

HPLC analysis: 87 % ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 13.2 min (minor), 23.1 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(2-methoxyphenyl)methyl)acrylate (4b)  

Product 4b was obtained 39.1 mg in 91 % yield as white solid. mp: 65 - 66℃. [α]D
25

 = 

+ 6.1 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.59 (dd, J = 7.6, 1.5 Hz, 1H), 

7.44-7.42 (m, 4H), 7.28-7.17 (m, 4H), 7.12-7.08 (m, 4H), 6.98 

(td, J = 7.5, 0.9 Hz, 1H), 6.84 (d, J = 8.2 Hz, 1H), 6.54 (s, 1H), 

5.84 (d, J = 1.0 Hz, 1H), 3.77 (s, 3H), 3.72 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.4, 166.4, 156.7, 138.5, 137.4, 131.5, 130.5, 129.3, 

128.9, 128.4, 128.0, 125.7, 120.6, 110.5, 56.3, 55.3, 52.1. 

HRMS (ESI, m/z): calcd. For C26H24NO5 [M+H]+: 430.1649, found: 430.1650; 

HPLC analysis: 94% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 20:80; retention times: 13.1 min (minor), 34.4 min (major)]. 

 

Methyl (S)-2-((N-benzoylbenzamido)(2-chlorophenyl)methyl)acrylate (4c)  

Product 4c was obtained 27.8 mg in 64 % yield as colorless oil. [α]D
25

 = + 65.5 (c = 1.0 

in CHCl3) 
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1H NMR (400 MHz, CDCl3): δ 7.81 (dd, J = 7.8, 1.5 Hz, 1H), 

7.50-7.15 (m, 10H), 7.12-7.08 (m, 4H), 6.60 (s, 1H), 5.79 (d, J 

= 1.3 Hz, 1H), 3.70 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 173.1, 166.0, 137.4, 137.0, 

135.3, 133.8, 131.8, 131.2, 129.7, 129.7, 129.4, 129.0, 128.1, 126.9, 58.5, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21ClNO4 [M+H]+: 434.1154, found: 434.1154; 

HPLC analysis: 82% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 20:80; retention times: 12.6 min (minor), 23.3 min (major)]. 

 

Methyl (S)-2-((N-benzoylbenzamido)(2-bromophenyl)methyl)acrylate (4d)  

Product 4d was obtained 43.0 mg in 90% yield as white solid. mp: 126-127℃, [α]D
25

 = 

+ 122.4 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ
 7.85 (dd, J = 7.8, 1.5 Hz, 1H), 

7.55 (dd, J = 8.0, 1.0 Hz, 1H), 7.48-7.45 (m, 4H), 7.37-7.33 (m, 

2H), 7.21-7.08 (m, 7H), 6.59 (s, 1H), 5.71 (d, J = 1.4 Hz, 1H), 

3.69 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.1, 166.0, 137.4, 137.2, 137.0, 133.1, 131.8, 131.2, 

130.0, 129.6, 129.0, 128.1, 127.6, 124.3, 61.2, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21BrNO4 [M+H]+: 478.0648, found: 478.0647; 

HPLC analysis: 91% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 15:85; retention times: 14.8 min (minor), 32.8 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(m-tolyl)methyl)acrylate (4e)  

Product 4e was obtained 33.9 mg in 82% yield as colorless oil. [α]D
25

 = + 78.9 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.44-7.33 (m, 6H), 7.23 (d, 

J = 7.6 Hz, 1H), 7.19-7.15(m, 2H), 7.10-7.08 (m, 5H), 6.89 
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(t, J = 1.7 Hz, 1H), 6.53 (s, 1H), 5.71 (s, 1H), 3.72 (s, 3H), 2.33 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 166.5, 139.2, 138.2, 137.6, 137.4, 131.6, 129.8, 

129.4, 128.9, 128.8, 128.5, 128.1, 126.1, 61.6, 52.1, 21.5. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1704; 

HPLC analysis: 77% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 14.1 min (minor), 25.9 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(3-methoxyphenyl)methyl)acrylate (4f)  

Product 4f was obtained 39.5 mg in 92% yield as colorless oil. [α]D
25

 = + 81.8 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.39-7.36 (m, 4H), 

7.29-7.25 (m, 1H), 7.19-7.13 (m, 8H), 6.91 (s, 1H), 

6.85-6.79 (m, 1H), 6.54 (d, J = 0.8 Hz, 1H), 5.74 (d, J = 

1.4 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 166.5, 159.7, 139.2, 139.0, 137.3, 131.7, 129.6, 

129.6, 128.9, 128.1, 121.4, 114.6, 113.6, 61.5, 55.2, 52.1. 

HRMS (ESI, m/z): calcd. For C26H24NO5 [M+H]+: 430.1649, found: 430.1648; 

HPLC analysis: 89% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 19.5 min (minor), 32.2 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(3-bromophenyl)methyl)acrylate (4g)  

Product 4g was obtained 35.8 mg in 75 % yield as colorless oil. [α]D
25

 = + 66.2 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.76 (t, J = 1.7 Hz, 1H), 

7.55 (d, J = 7.7 Hz, 1H), 7.44-7.42 (m, 1H), 7.38-7.35 (m, 

4H), 7.24-7.17 (m, 3H), 7.12-7.08 (m, 4H), 6.93 (s, 1H), 

6.58 (d, J = 1.2 Hz, 1H), 5.75 (d, J = 1.7 Hz, 1H), 3.72 (s, 

3H). 
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13C NMR (100 MHz, CDCl3): δ
 173.3, 166.2, 140.0, 138.3, 137.1, 132.2, 131.8, 131.2, 

130.2, 130.1, 128.8, 128.2, 127.7, 122.7, 60.7, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21BrNO4 [M+H]+: 478.0648, found: 478.0649; 

HPLC analysis: 80% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 15.6 min (minor), 21.6 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(p-tolyl)methyl)acrylate (4h)  

Product 4h was obtained 33.5 mg in 81% yield as white solid. mp: 175-176℃. [α]D
25

 = 

+ 63.9 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.46 (d, J = 8.1 Hz, 2H), 

7.37-7.34 (m, 4H), 7.20-7.15 (m, 4H), 7.10-7.06 (m, 4H), 

6.89 (s, 1H), 6.53 (d, J = 0.7 Hz, 1H), 5.74 (d, J = 1.4 Hz, 

1H), 3.72 (s, 3H), 2.31 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 166.5, 139.3, 137.7, 137.4, 134.6, 131.6, 129.3, 

129.1, 129.0, 128.8, 128.1, 61.4, 52.1, 21.1. 

HRMS (ESI, m/z): calcd. For C26H24NO4 [M+H]+: 414.1700, found: 414.1702; 

HPLC analysis: 99% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 27.8 min (minor), 30.5 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(4-isopropylphenyl)methyl)acrylate (4i)  

Product 4i was obtained 35.8 mg in 81% yield as colorless oil. [α]D
25

 = + 75.2 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.51-7.47 (m, 2H), 

7.38-7.35 (m, 4H), 7.22-7.14 (m, 5H), 7.09-7.05 (m, 4H), 

6.90 (s, 1H), 6.52 (s, 1H), 5.70 (d, J = 1.3 Hz, 1H), 3.71 (s, 

3H), 1.22 (s, 3H), 1.21 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.5, 166.6, 148.5, 139.4, 137.5, 134.9, 131.6, 129.4, 

129.0, 128.9, 128.1, 126.7, 61.4, 52.1, 33.7, 23.9, 23.8. 
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HRMS (ESI, m/z): calcd. For C28H28NO4 [M+H]+: 442.2013, found: 442.2015; 

HPLC analysis: 97% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 21.5 min (minor), 28.9 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(4-bromophenyl)methyl)acrylate (4j)  

Product 4j was obtained 33.9 mg in 71% yield as white solid. mp: 170-171℃[α]D
25

 = + 

40.2 (c = 1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.49 (s, 4H), 7.37-7.34 (m, 

4H), 7.21-7.16 (m, 2H), 7.11-7.07 (m, 4H), 6.92 (t, J = 1.6 

Hz, 1H), 6.56 (d, J = 1.3 Hz, 1H), 5.75 (d, J = 1.7 Hz, 1H), 

3.71 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.3, 166.2, 138.6, 137.1, 136.7, 131.8, 131.8, 130.9, 

129.6, 128.8, 128.2, 122.2, 60.8, 52.2. 

HRMS (ESI, m/z): calcd. For C25H21BrNO4 [M+H]+: 478.0648, found: 478.0644; 

HPLC analysis: 93% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 28.7 min (minor), 34.3 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(4-nitrophenyl)methyl)acrylate (4k)  

Product 4k was obtained 33.8 mg in 76 % yield as colorless oil. [α]D
25

 = + 22.0 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 8.26-8.21 (m, 2H), 

7.81-7.77 (m, 2H), 7.39-7.36 (m, 4H), 7.24-7.19 (m, 2H), 

7.13-7.10 (m, 5H), 6.65 (d, J = 1.2 Hz, 1H), 5.81 (d, J = 

1.7 Hz, 1H), 3.73 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.2, 165.9, 147.6, 145.0, 137.7, 136.7, 132.1, 130.4, 

130.0, 128.8, 128.3, 123.8, 60.4, 52.4. 

HRMS (ESI, m/z): calcd. For C25H21N2O6 [M+H]+: 445.1394, found: 445.1394; 
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HPLC analysis: 99% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 5:95; retention times: 73.9 min (minor), 78.4 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(4-(trifluoromethyl)phenyl)methyl)acrylate 

(4l)  

Product 4l was obtained 36.0 mg in 77 % yield as colorless oil. [α]D
25

 = + 55.2 (c = 1.0 

in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 7.74 (d, J = 8.3 Hz, 2H), 

7.64 (d, J = 8.2 Hz, 2H), 7.39-7.36 (m, 4H), 7.22-7.18 (m, 

2H), 7.12-7.05 (m, 5H), 6.60 (d, J = 1.2 Hz, 1H), 5.74 (d, J 

= 1.7 Hz, 1H), 3.72 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.3, 166.2, 141.8, 138.3, 137.0, 131.9, 130.3, 130.1, 

129.5, 128.8, 128.2, 125.6, 125.6, 60.8, 52.3. 

19F NMR (376 MHz, CDCl3): δ – 62.6. 

HRMS (ESI, m/z): calcd. For C26H21F3NO4 [M+H]+: 468.1417, found: 468.1420; 

HPLC analysis: 94% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 10:90; retention times: 16.5 min (minor), 22.7 min (major)]. 

 

Methyl (R)-2-((N-benzoylbenzamido)(naphthalen-1-yl)methyl)acrylate e (4m)  

Product 4m was obtained 31.9 mg in 71% yield as colorless oil. [α]D
25

 = + 61.8 (c = 

1.0 in CHCl3) 

1H NMR (400 MHz, CDCl3): δ 8.35 (d, J = 8.6 Hz, 1H), 7.97 (s, 

1H), 7.88 (d, J = 7.1 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.76 (d, 

J = 8.2 Hz, 1H), 7.63-7.58 (m, 1H), 7.49-7.44 (m, 2H), 

7.39-7.36 (m, 4H), 7.15-7.10 (m, 2H), 7.05-7.01 (m, 4H), 6.65 

(s, 1H), 6.00 (s, 1H), 3.68 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ
 173.4, 166.4, 138.5, 137.2, 133.8, 132.7, 131.7, 131.2, 

130.2, 129.0, 128.9, 128.1, 128.1, 126.7, 125.7, 125.1, 123.2, 57.7, 52.2. 
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HRMS (ESI, m/z): calcd. For C29H24NO4 [M+H]+: 450.1700, found: 450.1702; 

HPLC analysis: 76% ee, [CHIRALPAK ODH column; 0.5 mL/min; solvent system: 

i-PrOH/hexane = 20:80; retention times: 13.3 min (minor), 37.2 min (major)]. 

 

Methyl (Z)-3-phenyl-2-(tosylmethyl)acrylate (6) 

Product 6 was obtained in 95 % yield as white solid. mp: 124-125℃.  

1H NMR (400 MHz, CDCl3): δ
 7.95 (s, 1H), 7.75-7.72 (m, 2H), 

7.49-7.47 (m, 2H), 7.40-7.37 (m, 3H), 7.30-7.28 (m, 2H), 4.50 (s, 

2H), 3.64 (s, 3H), 2.44 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 166.9, 146.1, 144.7, 136.3, 133.7, 129.6, 129.6, 

129.1, 128.7, 128.5, 121.1, 55.1, 52.3, 21.6. 

HRMS (ESI, m/z): calcd. For C18H19O4S [M+H]+: 331.0999, found: 331.1000; 
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7. 1H, 13C NMR and HPLC data  

 

1H NMR spectrum of 3a (400 MHz, CDCl3) 

 

13C NMR spectrum of 3a (100 MHz, CDCl3) 
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1H NMR spectrum of 3b (400 MHz, CDCl3) 

 

13C NMR spectrum of 3b (100 MHz, CDCl3) 
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1H NMR spectrum of 3c (400 MHz, CDCl3) 

 

13C NMR spectrum of 3c (100 MHz, CDCl3) 
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1H NMR spectrum of 3d (400 MHz, CDCl3) 

 

13C NMR spectrum of 3d (100 MHz, CDCl3) 
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1H NMR spectrum of 3e (400 MHz, CDCl3) 

 

13C NMR spectrum of 3e (100 MHz, CDCl3) 
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1H NMR spectrum of 3f (400 MHz, CDCl3) 

 

13C NMR spectrum of 3f (100 MHz, CDCl3) 
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1H NMR spectrum of 3g (400 MHz, CDCl3) 

 

13C NMR spectrum of 3g (100 MHz, CDCl3) 
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1H NMR spectrum of 3h (400 MHz, CDCl3) 

 

13C NMR spectrum of 3h (100 MHz, CDCl3) 
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1H NMR spectrum of 3i (400 MHz, CDCl3) 

 

13C NMR spectrum of 3i (100 MHz, CDCl3) 

 



S37 

 

 

 

 

 



S38 

 

 

1H NMR spectrum of 3j (400 MHz, CDCl3) 

 

13C NMR spectrum of 3j (100 MHz, CDCl3) 
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1H NMR spectrum of 3k (400 MHz, CDCl3) 

 

13C NMR spectrum of 3k (100 MHz, CDCl3) 
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1H NMR spectrum of 3l (400 MHz, CDCl3) 

 

13C NMR spectrum of 3l (100 MHz, CDCl3) 
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1H NMR spectrum of 3m (400 MHz, CDCl3) 

 

13C NMR spectrum of 3m (100 MHz, CDCl3) 
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 1H NMR spectrum of 3n (400 MHz, CDCl3) 

 

 13C NMR spectrum of 3n (100 MHz, CDCl3) 
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1H NMR spectrum of 3o(400 MHz, CDCl3) 

 

13C NMR spectrum of 3o (100 MHz, CDCl3) 
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1H NMR spectrum of 4a (400 MHz, CDCl3) 

 

13C NMR spectrum of 4a (100 MHz, CDCl3) 
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1H NMR spectrum of 4b (400 MHz, CDCl3) 

 

13C NMR spectrum of 4b (100 MHz, CDCl3) 
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1H NMR spectrum of 4c (400 MHz, CDCl3) 

 

13C NMR spectrum of 4c (100 MHz, CDCl3) 
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1H NMR spectrum of 4d (400 MHz, CDCl3) 

 

13C NMR spectrum of 4d (100 MHz, CDCl3) 
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1H NMR spectrum of 4e (400 MHz, CDCl3) 

 

13C NMR spectrum of 4e (100 MHz, CDCl3) 
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1H NMR spectrum of 4f (400 MHz, CDCl3) 

 

13C NMR spectrum of 4f (100 MHz, CDCl3) 
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1H NMR spectrum of 4g (400 MHz, CDCl3) 

 

13C NMR spectrum of 4g (100 MHz, CDCl3) 
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1H NMR spectrum of 4h (400 MHz, CDCl3) 

 

13C NMR spectrum of 4h (100 MHz, CDCl3) 
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1H NMR spectrum of 4i (400 MHz, CDCl3) 

 

13C NMR spectrum of 4i (100 MHz, CDCl3) 
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1H NMR spectrum of 4j (400 MHz, CDCl3) 

 

13C NMR spectrum of 4j (100 MHz, CDCl3) 
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1H NMR spectrum of 4k (400 MHz, CDCl3) 

 

13C NMR spectrum of 4k (100 MHz, CDCl3) 
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1H NMR spectrum of 4l (400 MHz, CDCl3) 

 

13C NMR spectrum of 4l (100 MHz, CDCl3) 
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1H NMR spectrum of 4m (400 MHz, CDCl3) 

 

13C NMR spectrum of 4m (100 MHz, CDCl3) 
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1H NMR spectrum of 6 (400 MHz, CDCl3) 

 

13C NMR spectrum of 6 (100 MHz, CDCl3) 
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19F NMR spectrum of 3b (376 MHz, CDCl3) 

 

 

19F NMR spectrum of 3d (376 MHz, CDCl3) 
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19F NMR spectrum of 3h (376 MHz, CDCl3) 

 

 

19F NMR spectrum of 3j (376 MHz, CDCl3) 
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19F NMR spectrum of 4l (376 MHz, CDCl3) 
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