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1. General Considerations  

Unless otherwise stated, all syntheses and manipulations of air- and moisture-sensitive materi-

als were carried out in a nitrogen-filled glovebox or under nitrogen atmosphere using standard 

Schlenk techniques. All glassware was oven-dried prior to use. The heat source for all reactions 

is oil bath. All solvents were freshly distilled and degassed according to standard methods. Re-

actions were magnetically stirred and monitored by analytical thin-layer chromatography 

(TLC). TLC was performed using Merck silica gel 60 F254 TLC aluminum plates and visual-

ized under ultraviolet light. Organic solutions were concentrated by rotary evaporation at 20 – 

45 °C. 

All chemicals and reagents available from commercial sources were directly used without fur-

ther purification. Chromatographic purification of products was accomplished using forced-

flow chromatography on silica gel (200 – 300 mesh). 1H, 19F, and 13C NMR spectra were rec-

orded on a Bruker Ascend 400 MHz or 600 MHz spectrometer at ambient temperature. High-

resolution mass spectra (HRMS) were obtained with Shimazu LC-20AT mass spectrometer. 

The mass analyzer type is ion trap. Optical rotations were measured on SGW® 5 automatic 

polarimeter. Enantiomeric excesses (ee values) of the products were determined by chiral HPLC 

analysis using an Aglient HP 1200 instrument (n-hexane/2-propanol as eluent) with a Chiralpak 

IC-3, IA-3 or OD-H Column. The phosphoramidite ligands L1 – L4 are known compounds and 

were prepared according to the reported procedures.[1] 

 

 

 

 

 

 

 



 

4 

 

2. Table S1 Optimization of Reaction Conditionsa 

 

a Conditions: [Ir(cod)Cl]2 (4 mol%), L (8 mol%), DBU (0.2 mmol), and 1a (0.1 mmol) in THF 

(2.0 mL). b Isolated yields. c Determined by chiral HPLC analysis. d [Ir(cod)Cl]2 (2 mol%), L1 

Entry Ligand T [℃] Base Solvent t [h] Yieldb [%] eec [%] 

1 L1 70 DBU THF 2 85 92 

2 L2 70 DBU THF 2 68 35 

3 L3 70 DBU THF 2 72 19 

4 L4 70 DBU THF 2 60 -91 

5 L1 30 DBU THF 6 85 94 

6 L1 40 DBU THF 4 99 97 

7 L1 50 DBU THF 2 82 95 

8 L1 40 DABCO THF 4 92 95 

9 L1 40 K3PO4 THF 4 93 92 

10 L1 40 DIPA THF 4 93 88 

11 L1 40 DBU C2H5OH 4 47 60 

12 L1 40 DBU PhMe 4 95 95 

13 L1 40 DBU MeCN 4 90 85 

14 L1 40 DBU DCM 4 89 85 

15d L1 40 DBU THF 4 94 95 

16e L1 40 DBU THF 4 85 86 
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(4 mol%) was used. e DBU (0.1 mmol) 

 

3. Experimental Procedures  

3.1 General Procedure for the Synthesis of N-Amino-benzoic Acid Derivatives 1a-

34a 

  

To a solution of substituted 2-(benzylamino) benzoic acid A (2 mmol, 1.0 equiv.) in DMF (10 

mL), 1-hydroxybenzotrizole (HOBt) (297 mg, 2.2 mmol, 1.1 equiv.) and N-(3-dimethyla-

minopropyl)-N′-ethylcarbodiimide hydrochloride (EDC·HCl) (365 mg, 2.2 mmol, 1.1 equiv.) 

were added. This mixture was stirred for 30 minutes at room temperature, then compounds B 

(2 mmol, 1.0 equiv.) was added. After the reaction was complete (monitored by TLC), the crude 

reaction mixture was diluted with EtOAc (20 mL) and washed with water (10 mL x 3) and brine 

(15 mL x 3). The combined organic layers were dried over Na2SO4. Afterwards, the solvents 

were removed under reduced pressure. The residue was purified by silica gel column chroma-

tography (petroleum/EtOAc = 5 : 1) to afford the desired compounds 1a-34a. 

 

(E)-4-(N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl tert-butyl carbonate (1a) 

 

Yellow oil, 450 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 7.35 (d, J = 8.2 Hz, 3H), 7.33 – 

7.26 (m, 5H), 7.25 (d, J = 2.8 Hz, 2H), 7.19 (t, J = 7.8 Hz, 1H), 7.14 (dd, J = 7.6, 1.6 Hz, 1H), 

6.67 (d, J = 8.3 Hz, 1H), 6.64 (d, J = 7.4 Hz, 1H), 5.79 – 5.71 (m, 1H), 5.70 – 5.65 (m, 1H), 

4.65 (s, 2H), 4.53 (d, J = 5.6 Hz, 2H), 4.35 (s, 2H), 4.02 – 3.82 (m, 2H), 1.50 (s, 9H). 13C NMR 

(151 MHz, CDCl3) δ 171.78, 153.27, 146.41, 139.06, 130.93, 129.69, 128.74, 128.65, 127.54, 
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127.33, 127.17, 119.96, 116.27, 112.04, 82.32, 66.48, 47.72, 27.79. HRMS(ESI) calcd for 

C30H35N2O4 [M+H]+: 487.2592, Found: 487.2588.  

 

(E)-4-(N-benzyl-2-(benzylamino)-5-methylbenzamido)but-2-en-1-yl tert-butyl carbonate 

(2a) 

 

Yellow oil, 470 mg, 94 % yield; 1H NMR (600 MHz, CDCl3) δ 7.35 (s, 1H), 7.34 (d, J = 2.7 Hz, 

2H), 7.33 – 7.28 (m, 5H), 7.28 – 7.27 (m, 1H), 7.24 (d, J = 5.0 Hz, 1H), 6.99 (d, J = 8.3 Hz, 

1H), 6.94 (d, J = 2.1 Hz, 1H), 6.58 (d, J = 8.3 Hz, 1H), 5.75 – 5.70 (m, 1H), 5.69 – 5.65 (m, 

1H), 4.64 (s, 2H), 4.53 (d, J = 5.6 Hz, 2H), 4.32 (s, 2H), 3.98 – 3.85 (m, 2H), 2.18 (s, 3H), 1.50 

(s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.81, 153.27, 139.31, 136.87, 131.35, 129.79, 128.73, 

128.71, 128.63, 128.60, 128.49, 127.52, 127.33, 127.09, 125.58, 124.46, 119.13, 112.20, 82.29, 

66.49, 47.96, 27.78, 20.21. HRMS(ESI) calcd for C31H37N2O4 [M+H]+: 501.2748, Found: 

501.2744. 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-methylbenzamido)but-2-en-1-yl tert-butyl carbonate 

(3a) 

 

Yellow oil, 457 mg, 91% yield; 1H NMR (600 MHz, CDCl3) δ 7.36 (s, 1H), 7.36 – 7.34 (m, 2H), 

7.33 (d, J = 7.4 Hz, 2H), 7.31 – 7.26 (m, 4H), 7.21 (d, J = 6.9 Hz, 2H), 7.04 (d, J = 7.7 Hz, 1H), 

6.51 – 6.47 (m, 1H), 5.77 – 5.71 (m, 1H), 5.69 – 5.65 (m, 1H), 4.64 (s, 2H), 4.53 (d, J = 5.6 Hz, 

2H), 4.34 (s, 2H), 3.97 – 3.88 (m, 2H), 2.24 (s, 3H), 1.58 (s, 9H). 13C NMR (151 MHz, CDCl3) 

δ 172.06, 153.27, 146.72, 141.21, 139.21, 136.90, 129.87, 128.70, 128.63, 127.71, 127.47, 

127.38, 127.36, 127.29, 127.13, 117.03, 112.57, 82.28, 66.52, 47.70, 27.79, 21.86. HRMS(ESI) 

calcd for C31H37N2O4 [M+H]+: 501.2748, Found: 501.2742. 
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(E)-4-(N-benzyl-4-(benzylamino)-4'-butyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (4a) 

 

Yellow oil, 415 mg, 83% yield; 1H NMR (600 MHz, CDCl3) δ 7.36 (s, 1H), 7.34 (d, J = 3.8 Hz, 

2H), 7.33 – 7.27 (m, 5H), 7.26 – 7.22 (m, 2H), 7.00 (dd, J = 8.4, 2.1 Hz, 1H), 6.95 (d, J = 2.1 

Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 5.80 – 5.72 (m, 1H), 5.71 – 5.66 (m, 1H), 4.64 (s, 2H), 4.53 

(d, J = 4.7 Hz, 2H), 4.33 (s, 2H), 4.08 – 3.82 (m, 2H), 2.48 – 2.38 (m, 2H), 1.66 – 1.52 (m, 2H), 

1.50 (s, 9H), 1.29 – 1.24 (m, 2H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (151 MHz, CDCl3) δ 

172.06, 153.27, 146.72, 141.21, 139.21, 136.90, 129.87, 128.70, 128.67, 128.63, 127.71, 

127.47, 127.38, 127.35, 127.29, 127.13, 117.03, 112.57, 82.28, 66.52, 47.70, 27.79, 21.86. 

HRMS(ESI) calcd for C34H43N2O4 [M+H]+: 543.3217, Found: 543.3208. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-5-methoxybenzamido)but-2-en-1-yl tert-butyl car-

bonate (5a)   

 

Yellow oil, 470 mg, 94% yield; 1H NMR (600 MHz, CDCl3) δ 7.36 (s, 1H), 7.33 (d, J = 7.0 Hz, 

3H), 7.31 – 7.26 (m, 4H), 7.24 (d, J = 9.3 Hz, 2H), 6.79 (d, J = 9.0 Hz, 1H), 6.74 (d, J = 2.9 Hz, 

1H), 6.63 (d, J = 8.9 Hz, 1H), 5.81 – 5.71 (m, 1H), 5.71 – 5.67 (m, 1H), 4.63 (s, 2H), 4.52 (d, J 

= 5.4 Hz, 2H), 4.30 (s, 2H), 3.71 – 3.52 (m, 2H), 3.63 (s, 3H), 1.49 (s, 9H). 13C NMR (151 MHz, 

CDCl3) δ 171.28, 153.26, 151.04, 139.30, 136.74, 134.44, 129.74, 129.63, 129.00, 128.75, 

128.60, 128.26, 127.54, 127.50, 127.39, 127.12, 113.60, 112.70, 82.30, 66.44, 55.79, 48.47, 

27.81, 27.78. HRMS(ESI) calcd for C31H37N2O5 [M+H]+: 517.2697, Found: 517.2698. 

 

(E)-4-(N-benzyl-2-(benzylamino)-5-fluorobenzamido)but-2-en-1-yl tert-butyl carbonate 
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(6a) 

 

Yellow oil, 426 mg, 85% yield; 1H NMR (600 MHz, CDCl3) δ 7.34 (s, 1H), 7.34 – 7.32 (m, 3H), 

7.32 – 7.26 (m, 4H), 7.26 – 7.20 (m, 2H), 6.92 (dt, J = 8.6, 4.2 Hz, 1H), 6.89 (dd, J = 8.4, 3.1 

Hz, 1H), 6.60 (dd, J = 9.0, 4.3 Hz, 1H), 5.78 – 5.71 (m, 1H), 5.71 – 5.65 (m, 1H), 4.64 (s, 2H), 

4.54 (d, J = 5.2 Hz, 2H), 4.31 (d, J = 4.4 Hz, 2H), 3.95 (d, J = 20.2 Hz, 2H), 1.50 (s, 9H). 13C 

NMR (151 MHz, CDCl3) δ 170.32, 154.52 (d, J = 236.9 Hz), 153.25, 142.63, 138.83, 129.52, 

129.25, 128.82, 128.69, 128.23, 128.12, 127.81, 127.70, 127.30 (d, J = 5.8 Hz), 121.03, 117.33 

(d, J = 21.8 Hz), 113.80 (d, J = 24.0 Hz), 113.11 (d, J = 7.2 Hz), 82.35, 66.36, 48.21, 27.78. 19F 

NMR (565 MHz, CDCl3) δ -128.05. HRMS(ESI) calcd for C30H34FN2O4 [M+H]+: 505.2497, 

Found: 505.2487. 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-fluorobenzamido)but-2-en-1-yl tert-butyl carbonate 

(7a) 

 

Yellow oil, 510 mg, 88% yield; 1H NMR (600 MHz, CDCl3) δ 7.35 (d, J = 2.6 Hz, 2H), 7.34 (s, 

1H), 7.34 – 7.27 (m, 5H), 7.24 – 7.18 (m, 2H), 7.11 (dd, J = 8.4, 6.4 Hz, 1H), 6.35 (dd, J = 11.8, 

2.4 Hz, 1H), 6.31 (td, J = 8.3, 2.4 Hz, 1H), 5.76 – 5.71 (m, 1H), 5.70 – 5.65 (m, 1H), 4.64 (s, 

2H), 4.54 (d, J = 4.5 Hz, 2H), 4.32 (d, J = 5.1 Hz, 2H), 3.95 (s, 2H), 1.50 (s, 9H). 13C NMR 

(151 MHz, CDCl3) δ 171.33, 164.90 (d, J = 246.9 Hz), 153.26, 149.12 (d, J = 11.8 Hz), 138.30, 

136.65, 129.51, 129.01 (d, J = 10.8 Hz), 128.80, 128.78, 128.76, 128.74, 127.61, 127.56, 127.38, 

127.27, 115.34, 102.67 (d, J = 22.5 Hz), 99.19 (d, J = 26.3 Hz), 82.36, 66.43, 47.61, 27.78. 19F 

NMR (565 MHz, CDCl3) δ -108.56. HRMS(ESI) calcd for C30H34FN2O4 [M+H]+: 505.2497, 

Found: 505.2492. 
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(E)-4-(N-benzyl-2-(benzylamino)-4-chlorobenzamido)but-2-en-1-yl tert-butyl carbonate 

(8a) 

 

Yellow oil, 450 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 7.35 (s, 1H), 7.34 (d, J = 1.8 Hz, 2H), 

7.34 – 7.26 (m, 5H), 7.25 – 7.17 (m, 2H), 7.06 (d, J = 8.1 Hz, 1H), 6.66 (d, J = 1.9 Hz, 1H), 6.61 (d, 

J = 7.5 Hz, 1H), 5.78 – 5.70 (m, 1H), 5.70 – 5.66 (m, 1H), 4.63 (s, 2H), 4.54 (d, J = 5.3 Hz, 2H), 

4.32 (d, J = 5.4 Hz, 2H), 3.94 (s, 2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.03, 153.25, 

147.79, 138.26, 136.99, 136.55, 129.38, 128.81, 128.78, 128.29, 127.65, 127.44, 127.39, 

127.36, 127.33, 117.94, 116.08, 111.94, 82.37, 66.40, 47.61, 27.79. HRMS(ESI) calcd for 

C30H34ClN2O4 [M+H]+: 521.2202, Found: 521.2190. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-5-bromobenzamido)but-2-en-1-yl tert-butyl carbonate 

(9a) 

 

Yellow oil, 463 mg, 92% yield; 1H NMR (600 MHz, CDCl3) δ 7.34 (s, 1H), 7.33 – 7.32 (m, 3H), 

7.32 – 7.26 (m, 5H), 7.26 – 7.23 (m, 2H), 7.23 – 7.20 (m, 1H), 6.54 (d, J = 8.8 Hz, 1H), 5.77 – 

5.70 (m, 1H), 5.70 – 5.65 (m, 1H), 4.64 (s, 2H), 4.54 (d, J = 5.4 Hz, 2H), 4.32 (d, J = 5.4 Hz, 

2H), 3.93 (s, 2H), 1.51 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 170.17, 153.25, 145.36, 138.48, 

136.45, 133.51, 129.65, 129.16, 128.82, 128.73, 128.71, 127.95, 127.72, 127.35, 127.23, 

121.64, 113.75, 107.94, 82.35, 66.36, 47.70, 27.80. HRMS(ESI) calcd for C30H34BrN2O4 

[M+H]+: 565.1696, Found: 565.1691. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-bromobenzamido)but-2-en-1-yl tert-butyl carbonate 
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(10a) 

 

Yellow oil, 450 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 7.35 (s, 1H), 7.34 – 7.31 (m, 

3H), 7.31 – 7.27 (m, 3H), 7.25 (d, J = 2.2 Hz, 1H), 7.23 – 7.14 (m, 2H), 6.98 (t, J = 7.3 Hz, 1H), 

6.81 (d, J = 4.3 Hz, 1H), 6.77 – 6.74 (m, 1H), 5.78 – 5.69 (m, 1H), 5.69 – 5.63 (m, 1H), 4.62 

(s, 2H), 4.53 (d, J = 6.5 Hz, 2H), 4.30 (d, J = 5.9 Hz, 2H), 3.92 (s, 2H), 1.50 (s, 9H). 13C NMR 

(151 MHz, CDCl3) δ 171.19, 153.27, 138.21, 134.51, 129.78, 129.21, 129.03, 128.85, 128.79, 

128.39, 127.76, 127.72, 127.47, 127.40, 127.14, 125.42, 119.10, 114.86, 82.41, 66.40, 47.60, 

27.81. HRMS(ESI) calcd for C30H34BrN2O4 [M+H]+: 565.1696, Found: 565.1691. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl tert-butyl 

carbonate (11a) 

 

Yellow oil, 405 mg, 81% yield; 1H NMR (600 MHz, CDCl3) δ 7.54 – 7.42 (m, 2H), 7.41 (d, J 

= 2.3 Hz, 1H), 7.37 (t, J = 6.4 Hz, 4H), 7.35 (s, 1H), 7.35 – 7.31 (m, 4H), 7.31 – 7.26 (m, 3H), 

7.26 – 7.21 (m, 2H), 6.74 (d, J = 8.5 Hz, 1H), 5.85 – 5.75 (m, 1H), 5.74 – 5.68 (m, 1H), 4.69 

(s, 2H), 4.54 (d, J = 5.5 Hz, 2H), 4.41 (d, J = 5.1 Hz, 2H), 4.03 (s, 2H), 1.49 (s, 9H). 13C NMR 

(151 MHz, CDCl3) δ 171.74, 153.27, 140.35, 138.98, 136.82, 129.52, 128.83, 128.72, 128.70, 

127.60, 127.55, 127.31, 127.24, 126.35, 126.14, 125.76, 112.52, 112.44, 82.30, 66.47, 47.77, 

27.79. HRMS(ESI) calcd for C36H39N2O4 [M+H]+: 563.2905, Found: 563.2889. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-4'-methyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate （12a） 
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Yellow oil, 472 mg, 94% yield; 1H NMR (600 MHz, CDCl3) δ 7.47 – 7.39 (m, 2H), 7.38 (d, J 

= 3.1 Hz, 1H), 7.36 (d, J = 5.3 Hz, 2H), 7.36 – 7.30 (m, 4H), 7.28 (dd, J = 14.1, 7.0 Hz, 3H), 

7.24 (d, J = 3.7 Hz, 2H), 7.15 (s, 2H), 6.73 (d, J = 8.6 Hz, 1H), 5.84 – 5.74 (m, 1H), 5.73 – 5.68 

(m, 1H), 4.69 (s, 2H), 4.53 (d, J = 4.4 Hz, 2H), 4.40 (s, 2H), 4.12 – 3.91 (m, 2H), 2.35 (s, 3H), 

1.49 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.78, 153.27, 139.03, 137.49, 136.03, 129.65, 

129.43, 129.32, 128.81, 128.68, 127.55, 127.53, 127.30, 127.21, 127.18, 126.00, 125.53, 112.42, 

82.30, 66.49, 47.78, 27.78, 20.99. HRMS(ESI) calcd for C37H41N2O4 [M+H]+: 577.3061, Found: 

577.3052. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-2'-methyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (13a) 

 

Yellow oil, 400 mg, 80 % yield; 1H NMR (600 MHz, CDCl3) δ 7.40 (d, J = 7.5 Hz, 2H), 7.38 

(s, 1H), 7.36 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 7.0 Hz, 3H), 7.28 (d, J = 6.6 Hz, 2H), 7.25 – 7.24 

(m, 1H), 7.22 – 7.16 (m, 4H), 7.13 (d, J = 2.1 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 5.77 – 5.72 (m, 

1H), 5.70 – 5.66 (m, 1H), 4.68 (s, 2H), 4.51 (d, J = 5.6 Hz, 2H), 4.40 (d, J = 5.1 Hz, 2H), 4.00 

(s, 2H), 2.22 (s, 3H), 1.49 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.70, 153.27, 153.25, 

141.14, 139.07, 135.43, 131.77, 130.32, 130.00, 129.87, 128.79, 128.71, 127.59, 127.38, 

127.25, 126.87, 125.81, 111.74, 82.28, 66.44, 47.88, 27.78, 20.55. HRMS(ESI) calcd for 

C37H41N2O4 [M+H]+: 577.3061, Found: 577.3058. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-4'-methoxy-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-
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yl tert-butyl carbonate (14a) 

 

Yellow oil, 470 mg, 94% yield; 1H NMR (600 MHz, CDCl3) δ 7.41 – 7.37 (m, 2H), 7.37 (s, 1H), 

7.35 (d, J = 1.9 Hz, 3H), 7.34 – 7.30 (m, 3H), 7.30 – 7.26 (m, 3H), 7.24 (d, J = 10.2 Hz, 2H), 

6.93 – 6.82 (m, 2H), 6.72 (d, J = 8.6 Hz, 1H), 5.85 – 5.74 (m, 1H), 5.73 – 5.68 (m, 1H), 4.68 

(s, 2H), 4.53 (d, J = 5.5 Hz, 2H), 4.42 – 4.36 (m, 2H), 4.11 – 3.91 (m, 2H), 3.82 (s, 3H), 1.49 

(s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.78, 158.51, 153.27, 139.06, 136.83, 133.07, 129.65, 

129.11, 128.82, 128.68, 127.57, 127.53, 127.30, 127.20, 127.18, 125.32, 114.20, 112.46, 82.30, 

66.48, 55.33, 47.80, 27.78. HRMS(ESI) calcd for C37H41N2O5 [M+H]+: 593.3010, Found: 

593.3005. 

 

 

(E)-4-(N-benzyl-3-(benzylamino)-2'-methoxy-[1,1'-biphenyl]-4-carboxamido)but-2-en-1-

yl tert-butyl carbonate (15a) 

 

Yellow oil, 460 mg, 92% yield; 1H NMR (600 MHz, CDCl3) δ 7.40 (d, J = 1.6 Hz, 1H), 7.38 (s, 

1H), 7.35 (dd, J = 7.2, 1.9 Hz, 2H), 7.34 – 7.30 (m, 3H), 7.30 – 7.27 (m, 4H), 7.25 (s, 1H), 7.20 

(d, J = 7.8 Hz, 1H), 6.99 (t, J = 6.9 Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H), 6.90 (d, J = 1.6 Hz, 1H), 

6.83 (d, J = 7.9 Hz, 1H), 5.85 – 5.76 (m, 1H), 5.75 – 5.69 (m, 1H), 4.72 (s, 2H), 4.56 (d, J = 5.9 

Hz, 2H), 4.39 (s, 2H), 4.10 – 3.93 (m, 2H), 3.69 (s, 3H), 1.52 (s, 9H). 13C NMR (151 MHz, 

CDCl3) δ 171.93, 156.50, 153.30, 141.27, 139.32, 130.70, 130.57, 128.78, 128.75, 128.62, 

127.52, 127.40, 127.09, 126.90, 120.79, 117.64, 113.58, 111.36, 82.30, 66.54, 55.47, 47.75, 

27.81. HRMS(ESI) calcd for C37H41N2O5 [M+H]+: 593.3010, Found: 593.3009.  
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(E)-4-(N-benzyl-3-(benzylamino)-2',6'-dimethoxy-[1,1'-biphenyl]-4-carboxamido)but-2-

en-1-yl tert-butyl carbonate (16a) 

 

Yellow oil, 472 mg, 94% yield; 1H NMR (600 MHz, CDCl3) δ 7.38 (d, J = 1.8 Hz, 1H), 7.36 (s, 

1H), 7.34 – 7.31 (m, 4H), 7.29 – 7.26 (m, 3H), 7.26 – 7.22 (m, 2H), 7.19 (d, J = 7.8 Hz, 1H), 

6.71 (d, J = 1.6 Hz, 1H), 6.66 (dd, J = 7.8, 1.4 Hz, 1H), 6.61 (d, J = 8.3 Hz, 2H), 5.82 – 5.76 

(m, 1H), 5.72 – 5.68 (m, 1H), 4.73 (s, 2H), 4.55 (d, J = 4.7 Hz, 2H), 4.34 (s, 2H), 4.06 – 3.98 

(m, 2H), 3.63 (s, 6H), 1.51 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 172.13, 157.69, 153.30, 

146.34, 139.50, 137.11, 129.98, 128.71, 128.52, 127.81, 127.44, 126.95, 126.51, 119.60, 119.11, 

118.01, 115.14, 104.32, 82.28, 66.56, 55.85, 47.70, 27.81. HRMS(ESI) calcd for C38H43N2O6 

[M+H]+: 623.3116, Found: 623.3109. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-4'-fluoro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (17a) 

 

Yellow oil, 432 mg, 86% yield; 1H NMR (600 MHz, CDCl3) δ 7.38 (d, J = 7.8 Hz, 2H), 7.37 

(d, J = 2.9 Hz, 2H), 7.36 – 7.32 (m, 4H), 7.29 (dd, J = 8.5, 6.7 Hz, 3H), 7.27 (s, 1H), 7.26 – 

7.19 (m, 2H), 7.09 – 6.95 (m, 2H), 6.73 (d, J = 8.5 Hz, 1H), 5.84 – 5.74 (m, 1H), 5.74 – 5.69 

(m, 1H), 4.69 (s, 2H), 4.54 (d, J = 5.4 Hz, 2H), 4.40 (d, J = 5.0 Hz, 2H), 4.03 (s, 2H), 1.49 (s, 

9H). 13C NMR (151 MHz, CDCl3) δ 171.66, 161.89 (d, J = 245.3 Hz), 153.27, 138.91, 136.80, 

136.49 (d, J = 3.3 Hz), 129.58, 129.37, 128.85, 128.71, 128.16, 127.63, 127.57, 127.28, 127.26, 

125.61, 115.52 (d, J = 21.5 Hz), 112.46, 82.35, 66.46, 47.74, 27.77. 19F NMR (565 MHz, CDCl3) 

δ -117.03. HRMS(ESI) calcd for C36H38FN2O4 [M+H]+: 581.2810, Found: 581.2802. 
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(E)-4-(N-benzyl-4-(benzylamino)-4'-chloro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (18a) 

 

Yellow oil, 471 mg, 94% yield; 1H NMR (600 MHz, CDCl3) δ 7.40 (dd, J = 8.4, 2.1 Hz, 1H), 

7.39 – 7.36 (m, 4H), 7.35 (d, J = 2.1 Hz, 2H), 7.34 (s, 1H), 7.33 – 7.29 (m, 3H), 7.29 – 7.26 (m, 

3H), 7.23 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.6 Hz, 1H), 5.86 – 5.76 (m, 1H), 5.75 – 5.71 (m, 

1H), 4.69 (s, 2H), 4.55 (d, J = 4.6 Hz, 2H), 4.40 (d, J = 5.0 Hz, 2H), 4.04 (s, 2H), 1.50 (s, 9H). 

13C NMR (151 MHz, CDCl3) δ 171.60, 153.28, 138.84, 138.77, 136.80, 132.27, 129.56, 129.35, 

128.87, 128.83, 128.74, 128.72, 127.68, 127.57, 127.28, 127.27, 125.55, 112.47, 82.36, 66.46, 

47.70, 27.79. HRMS(ESI) calcd for C36H38ClN2O4 [M+H]+: 597.2515, Found: 597.2512. 

 

 

(E)-4-(N-benzyl-4-(benzylamino)-2'-chloro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (19a) 

 

Yellow oil, 466 mg, 92% yield; 1H NMR (600 MHz, CDCl3) δ 7.44 – 7.37 (m, 4H), 7.36 (s, 1H), 

7.36 – 7.33 (m, 1H), 7.31 – 7.27 (m, 6H), 7.23 (d, J = 7.1 Hz, 2H), 7.20 (t, J = 7.5 Hz, 2H), 

6.74 (d, J = 8.3 Hz, 1H), 5.81 – 5.72 (m, 1H), 5.71 – 5.66 (m, 1H), 4.71 (s, 2H), 4.52 (d, J = 5.8 

Hz, 2H), 4.40 (d, J = 3.5 Hz, 2H), 4.02 (s, 2H), 1.49 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 

171.53, 153.26, 146.01, 139.77, 138.93, 132.50, 132.05, 131.28, 129.93, 128.77, 128.72, 

128.01, 127.57, 127.36, 127.27, 126.88, 119.30, 111.62, 82.28, 66.48, 47.76, 27.78. HRMS(ESI) 

calcd for C36H38ClN2O4 [M+H]+: 597.2515, Found: 597.2508. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-5-(naphthalen-1-yl)benzamido)but-2-en-1-yl tert-butyl 
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carbonate (20a) 

 

Yellow oil, 455 mg, 91% yield; 1H NMR (600 MHz, CDCl3) δ 7.91 – 7.86 (m, 2H), 7.80 (d, J 

= 8.2 Hz, 1H), 7.49 – 7.43 (m, 3H), 7.42 (s, 1H), 7.39 (d, J = 7.5 Hz, 2H), 7.37 – 7.34 (m, 2H), 

7.34 – 7.29 (m, 4H), 7.28 (d, J = 5.9 Hz, 2H), 7.26 – 7.21 (m, 2H), 6.81 (d, J = 8.4 Hz, 1H), 

5.79 – 5.71 (m, 1H), 5.70 – 5.65 (m, 1H), 4.70 (s, 2H), 4.47 (d, J = 5.7 Hz, 2H), 4.45 (s, 2H), 

4.08 – 3.95 (m, 2H), 1.47 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.65, 153.23, 145.69, 

139.53, 139.02, 133.88, 132.59, 131.74, 128.79, 128.76, 128.74, 128.26, 127.74, 127.59, 

127.38, 127.29, 127.22, 126.83, 125.96, 125.93, 125.70, 125.44, 111.93, 82.27, 66.42, 47.89, 

27.76. HRMS(ESI) calcd for C40H41N2O4 [M+H]+: 613.3061, Found: 613.3052. 

 

 

(E)-4-(N-benzyl-3-(benzylamino)-[1,1':3',1''-terphenyl]-4-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (21a) 

 

Yellow oil, 44.5 mg, 45% yield; 1H NMR (600 MHz, CDCl3) δ 7.41 – 7.39 (m, 2H), 7.38 (d, J 

= 2.5 Hz, 2H), 7.33 (d, J = 7.8 Hz, 2H), 7.31 (s, 1H), 7.30 – 7.26 (m, 4H), 7.26 – 7.18 (m, 6H), 

7.14 – 7.11 (m, 2H), 7.01 (d, J = 7.8 Hz, 1H), 6.48 (d, J = 1.6 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 

5.79 – 5.70 (m, 1H), 5.69 – 5.63 (m, 1H), 4.63 (s, 2H), 4.53 (d, J = 6.2 Hz, 2H), 4.05 (s, 2H), 

3.93 (d, J = 7.4 Hz, 2H), 1.51 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.82, 153.28, 144.13, 

141.60, 140.64, 140.46, 139.02, 130.51, 130.14, 129.74, 129.70, 128.73, 128.59, 127.93, 

127.62, 127.54, 127.42, 127.40, 127.14, 126.89, 126.49, 118.06, 117.92, 114.08, 82.31, 66.50, 

47.69, 27.81. HRMS(ESI) calcd for C42H43N2O4 [M+H]+: 639.3218, Found: 639.3208.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
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(E)-4-(N-benzyl-3-(benzylamino)-[1,1':4',1''-terphenyl]-4-carboxamido)but-2-en-1-yl 

tert-butyl carbonate (22a） 

 

Yellow oil, 473 mg, 94% yield. 1H NMR (600 MHz, CDCl3) δ 7.64 – 7.61 (m, 3H), 7.56 (d, J 

= 8.1 Hz, 2H), 7.48 – 7.40 (m, 3H), 7.40 (s, 1H), 7.36 (td, J = 7.4, 4.1 Hz, 3H), 7.34 – 7.26 (m, 

5H), 7.25 (d, J = 3.1 Hz, 2H), 7.23 (d, J = 7.8 Hz, 1H), 6.99 – 6.85 (m, 2H), 5.83 – 5.75 (m, 

1H), 5.73 – 5.68 (m, 1H), 4.70 (s, 2H), 4.55 (d, J = 5.6 Hz, 2H), 4.44 (s, 2H), 4.08 – 3.91 (m, 

2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.74, 153.28, 143.39, 140.66, 140.46, 

140.02, 138.99, 129.71, 128.81, 128.79, 128.77, 128.71, 128.70, 127.74, 127.56, 127.47, 

127.45, 127.43, 127.41, 127.37, 127.27, 127.04, 115.13, 110.66, 82.33, 66.51, 47.83, 27.80. 

HRMS(ESI) calcd for C42H43N2O4 [M+H]+: 639.3218, Found: 639.3213. 

 

 

(E)-4-(4-(anthracen-9-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl tert-butyl 

carbonate (23a) 

 

Yellow oil, 467 mg, 92% yield; 1H NMR (600 MHz, CDCl3) δ 8.46 (s, 1H), 8.01 (d, J = 8.5 Hz, 

2H), 7.68 (d, J = 8.8 Hz, 2H), 7.44 (ddd, J = 8.2, 6.4, 1.2 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H), 

7.34 – 7.31 (m, 6H), 7.30 (d, J = 2.9 Hz, 4H), 7.25 (t, J = 3.3 Hz, 1H), 6.81 (d, J = 1.5 Hz, 1H), 

6.74 (d, J = 7.6 Hz, 1H), 5.88 – 5.82 (m, 1H), 5.79 – 5.75 (m, 1H), 4.80 (s, 2H), 4.58 (d, J = 5.7 

Hz, 2H), 4.28 (s, 2H), 4.13 – 4.08 (m, 2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.83, 

153.28, 146.55, 141.72, 138.66, 136.82, 131.30, 129.90, 129.85, 128.82, 128.64, 128.59, 

128.23, 127.67, 127.63, 127.51, 127.22, 126.81, 126.56, 125.36, 125.10, 119.37, 118.93, 115.23, 
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82.36, 66.50, 47.72, 27.79. HRMS(ESI) calcd for C44H43N2O4 [M+H]+: 663.3217, Found: 

663.3207. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-5-(6-methoxypyridin-3-yl)benzamido)but-2-en-1-yl 

tert-butyl carbonate (24a) 

 

Yellow oil, 458 mg, 92% yield; 1H NMR (600 MHz, CDCl3) δ 8.20 (s, 1H), 7.36 (d, J = 2.2 Hz, 

3H), 7.36 – 7.34 (m, 2H), 7.34 – 7.31 (m, 2H), 7.31 – 7.26 (m, 4H), 7.26 – 7.21 (m, 2H), 6.74 

(d, J = 8.5 Hz, 2H), 5.84 – 5.73 (m, 1H), 5.72 – 5.67 (m, 1H), 4.68 (s, 2H), 4.53 (d, J = 5.4 Hz, 

2H), 4.40 (s, 2H), 4.10 – 3.95 (m, 2H), 3.94 (s, 3H), 1.49 (s, 9H). 13C NMR (151 MHz, CDCl3) 

δ 171.50, 163.03, 153.25, 145.81, 143.99, 138.86, 136.72, 129.53, 129.45, 129.07, 128.85, 

128.80, 128.73, 128.72, 127.70, 127.62, 127.48, 127.26, 127.05, 125.87, 125.31, 112.63, 110.71, 

82.33, 66.43, 53.47, 47.73, 27.77. HRMS(ESI) calcd for C36H40N3O5 [M+H]+: 594.2962, Found: 

594.2949. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-(furan-2-yl)benzamido)but-2-en-1-yl tert-butyl car-

bonate (25a) 

 

Yellow oil, 480 mg, 96% yield; 1H NMR (600 MHz, CDCl3) δ 7.43 (d, J = 1.8 Hz, 1H), 7.39 (d, 

J = 7.6 Hz, 2H), 7.36 – 7.30 (m, 3H), 7.30 – 7.27 (m, 3H), 7.25 – 7.19 (m, 2H), 7.16 (d, J = 7.9 

Hz, 1H), 7.02 (d, J = 1.6 Hz, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.58 (d, J = 3.4 Hz, 1H), 6.43 (dd, 

J = 3.4, 1.8 Hz, 1H), 5.81 – 5.71 (m, 1H), 5.71 – 5.66 (m, 1H), 4.66 (s, 2H), 4.53 (d, J = 6.0 Hz, 

2H), 4.41 (s, 2H), 4.07 – 3.84 (m, 2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.62, 
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162.60, 153.73, 153.27, 146.96, 142.31, 138.94, 136.72, 133.15, 129.63, 128.76, 128.70, 

127.76, 127.55, 127.51, 127.49, 127.28, 118.59, 111.95, 111.67, 106.98, 105.90, 82.32, 66.48, 

47.78, 36.47, 31.45, 27.78. HRMS(ESI) calcd for C34H37N2O5 [M+H]+: 553.2697, Found: 

553.2688. 

 

 

(E)-4-(5-(benzofuran-2-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl tert-butyl 

carbonate (26a) 

 

Yellow oil, 457 mg, 91% yield; 1H NMR (600 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 2H), 7.52 – 

7.37 (m, 3H), 7.37 – 7.34 (m, 5H), 7.33 – 7.26 (m, 4H), 7.26 – 7.15 (m, 3H), 6.74 (d, J = 8.4 

Hz, 1H), 5.86 – 5.80 (m, 1H), 5.76 – 5.73 (m, 1H), 4.71 (s, 2H), 4.58 (d, J = 5.5 Hz, 2H), 4.42 

(d, J = 5.5 Hz, 2H), 4.03 (s, 2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.30, 155.93, 

154.54, 153.29, 138.63, 136.74, 129.58, 129.42, 128.85, 128.78, 128.75, 127.87, 127.79, 

127.73, 127.61, 127.34, 127.27, 124.21, 123.46, 122.76, 120.34, 118.72, 112.18, 110.86, 98.75, 

82.34, 66.48, 47.61, 27.79. HRMS(ESI) calcd for C38H39N2O5 [M+H]+: 603.2854, Found: 

603.2845. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-(thiophen-2-yl)benzamido)but-2-en-1-yl tert-butyl 

carbonate (27a) 

 

Yellow oil, 467 mg, 93% yield; 1H NMR (600 MHz, CDCl3) δ 7.40 (d, J = 7.1 Hz, 2H), 7.37 (s, 

1H), 7.36 – 7.32 (m, 2H), 7.32 – 7.26 (m, 4H), 7.25 (dd, J = 5.0, 1.2 Hz, 2H), 7.22 (dd, J = 3.6, 
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1.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 1H), 7.04 (dd, J = 5.1, 3.6 Hz, 1H), 6.93 – 6.88 (m, 2H), 5.82 

– 5.73 (m, 1H), 5.72 – 5.67 (m, 1H), 4.67 (s, 2H), 4.55 (d, J = 5.8 Hz, 2H), 4.41 (d, J = 4.5 Hz, 

2H), 3.97 (s, 2H), 1.51 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.55, 153.27, 147.09, 144.28, 

138.87, 136.84, 129.66, 128.82, 128.77, 128.73, 128.70, 127.93, 127.88, 127.57, 127.52, 

127.46, 127.30, 125.15, 123.53, 118.68, 113.98, 109.35, 82.34, 66.49, 47.80, 27.80, 27.75. 

HRMS(ESI) calcd for C34H37N2O4S [M+H]+: 569.2469, Found: 569.2464. 

 

 

(E)-4-(4-(benzo[b]thiophen-2-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl tert-

butyl carbonate (28a) 

 

Yellow oil, 425 mg, 85% yield; 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.6 Hz, 1H), 7.75 (d, 

J = 6.8 Hz, 1H), 7.46 (s, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.37 (q, J = 6.6 Hz, 3H), 7.34 – 7.30 (m, 

4H), 7.28 (d, J = 5.6 Hz, 2H), 7.24 – 7.18 (m, 2H), 7.06 – 6.94 (m, 2H), 5.85 – 5.74 (m, 1H), 

5.73 – 5.67 (m, 1H), 4.68 (s, 2H), 4.56 (d, J = 5.2 Hz, 2H), 4.44 (s, 2H), 4.11 – 3.85 (m, 2H), 

1.51 (s, 9H). 13C NMR (151 MHz, CF3COOD) δ 175.66, 157.56, 151.32, 148.38, 144.81, 

143.83, 143.05, 141.03, 133.85, 133.08, 133.05, 132.14, 131.89, 131.78, 131.75, 131.65, 

128.81, 128.75, 127.94, 126.53, 124.28, 123.78, 118.83, 114.17, 86.61, 70.75, 52.10, 32.08. 

HRMS(ESI) calcd for C38H39N2O4S [M+H]+: 619.2626, Found: 619.2624. 

 

 

(E)-4-(N-benzyl-2-(benzylamino)-4-(5a,9a-dihydrodibenzo[b,d]thiophen-3-yl)ben-

zamido)but-2-en-1-yl tert-butyl carbonate (29a) 
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Yellow oil, 450 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 8.18 – 8.15 (m, 1H), 8.12 (dd, J 

= 7.8, 1.2 Hz, 1H), 7.82 – 7.77 (m, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.45 (dd, J = 6.0, 3.1 Hz, 2H), 

7.44 – 7.40 (m, 2H), 7.40 (s, 1H), 7.39 – 7.32 (m, 5H), 7.31 (dd, J = 7.5, 2.4 Hz, 4H), 7.12 (d, 

J = 1.7 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 5.86 – 5.78 (m, 1H), 5.76 – 5.72 (m, 1H), 4.75 (s, 

2H), 4.58 (d, J = 5.7 Hz, 2H), 4.44 (s, 2H), 4.12 – 3.93 (m, 2H), 1.51 (s, 9H). 13C NMR (151 

MHz, CDCl3) δ 171.64, 153.30, 146.87, 143.19, 139.73, 138.91, 138.54, 136.81, 136.25, 135.70, 

129.68, 129.29, 128.82, 128.76, 128.35, 128.26, 127.78, 127.61, 127.46, 127.20, 126.77, 

126.61, 124.96, 124.31, 122.58, 121.66, 120.63, 119.24, 116.24, 111.89, 82.34, 66.51, 47.72, 

27.84, 27.81. HRMS(ESI) calcd for C42H43N2O4S [M+H]+: 671.2938, Found: 671.2929. 

 

 

(E)-4-(N-benzyl-2-((4-methylbenzyl)amino)benzamido)but-2-en-1-yl tert-butyl carbonate 

(30a) 

 

Yellow oil, 420 mg, 84% yield; 1H NMR (600 MHz, CDCl3) δ 7.35 – 7.26 (m, 4H), 7.25 (d, J 

= 7.8 Hz, 3H), 7.20 – 7.18 (m, 1H), 7.15 (dd, J = 7.7, 2.1 Hz, 3H), 6.68 (d, J = 7.5 Hz, 1H), 

6.64 (t, J = 7.4 Hz, 1H), 5.82 – 5.71 (m, 1H), 5.70 – 5.65 (m, 1H), 4.65 (s, 2H), 4.54 (d, J = 5.8 

Hz, 2H), 4.31 (s, 2H), 4.04 – 3.79 (m, 2H), 2.35 (s, 3H), 1.51 (s, 9H). 13C NMR (151 MHz, 

CDCl3) δ 171.78, 153.27, 146.45, 136.77, 135.99, 130.92, 129.73, 129.33, 128.74, 127.53, 

127.46, 127.33, 127.26, 127.15, 119.93, 116.18, 112.06, 112.01, 82.30, 66.50, 47.49, 27.80, 

21.10. HRMS(ESI) calcd for C31H37N2O4 [M+H]+: 501.2748, Found: 501.2739. 
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(E)-4-(N-benzyl-2-((4-methoxybenzyl)amino)benzamido)but-2-en-1-yl tert-butyl car-

bonate (31a) 

 

Yellow oil, 430 mg, 86% yield; 1H NMR (600 MHz, CDCl3) δ 7.30 (t, J = 7.2 Hz, 2H), 7.29 – 

7.26 (m, 3H), 7.25 – 7.17 (m, 3H), 7.14 (dd, J = 7.6, 1.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 6.69 

(d, J = 8.3 Hz, 1H), 6.64 (t, J = 7.5 Hz, 1H), 5.85 – 5.70 (m, 1H), 5.71 – 5.63 (m, 1H), 4.65 (s, 

2H), 4.53 (d, J = 5.8 Hz, 2H), 4.27 (s, 2H), 4.04 – 3.83 (m, 2H), 3.80 (s, 3H), 1.50 (s, 9H). 13C 

NMR (151 MHz, CDCl3) δ 171.76, 158.85, 153.27, 146.40, 136.79, 131.04, 130.91, 129.71, 

128.73, 128.60, 128.53, 127.53, 127.47, 127.14, 119.97, 116.21, 114.09, 112.00, 82.31, 66.49, 

55.30, 47.21, 27.79. HRMS(ESI) calcd for C31H37N2O5 [M+H]+: 517.2697, Found: 517.2689. 

 

 

(E)-4-(N-benzyl-2-((4-fluorobenzyl)amino)benzamido)but-2-en-1-yl tert-butyl carbonate 

(32a) 

 

Yellow oil, 445 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 7.32 (d, J = 6.1 Hz, 3H), 7.30 – 

7.27 (m, 2H), 7.26 – 7.20 (m, 2H), 7.20 – 7.16 (m, 1H), 7.15 (dd, J = 7.6, 1.6 Hz, 1H), 7.02 (t, 

J = 8.7 Hz, 2H), 6.64 (d, J = 8.1 Hz, 2H), 5.84 – 5.71 (m, 1H), 5.72 – 5.64 (m, 1H), 4.66 (s, 

2H), 4.54 (d, J = 4.5 Hz, 2H), 4.32 (s, 2H), 4.08 – 3.77 (m, 2H), 1.50 (s, 9H). 13C NMR (151 

MHz, CDCl3) δ 171.76, 162.04 (d, J = 244.8 Hz), 153.26, 146.32, 136.75, 134.73 (d, J = 3.1 

Hz), 130.96, 129.62, 128.83 (d, J = 8.1 Hz), 128.75, 127.72, 127.58, 127.52, 127.22, 119.93, 
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116.41, 115.47 (d, J = 21.3 Hz), 112.03, 82.35, 66.45, 47.00, 27.78. 19F NMR (565 MHz, CDCl3) 

δ -115.72. HRMS(ESI) calcd for C30H34FN2O4 [M+H]+: 505.2498, Found: 505.2488. 

 

 

(E)-4-(N-benzyl-2-((4-chlorobenzyl)amino)benzamido)but-2-en-1-yl tert-butyl carbonate 

(33a) 

 

Yellow oil, 450 mg, 90% yield; 1H NMR (600 MHz, CDCl3) δ 7.37 – 7.30 (m, 3H), 7.28 (d, J 

= 4.1 Hz, 5H), 7.23 (d, J = 6.9 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H), 6.65 

(t, J = 7.6 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 5.82 – 5.72 (m, 1H), 5.71 – 5.65 (m, 1H), 4.66 (s, 

1H), 4.55 (d, J = 5.5 Hz, 2H), 4.32 (s, 2H), 4.06 – 3.82 (m, 2H), 1.50 (s, 9H). 13C NMR (151 

MHz, CDCl3) δ 171.76, 153.26, 137.63, 136.77, 132.83, 130.98, 129.62, 128.79, 128.77, 128.55, 

128.50, 127.79, 127.60, 127.54, 127.26, 119.84, 116.46, 112.07, 82.38, 66.47, 47.01, 27.79. 

HRMS(ESI) calcd for C30H34ClN2O4 [M+H]+: 521.2202, Found: 521.2194. 

 

 

(E)-4-(N-benzyl-2-((2-bromobenzyl)amino)benzamido)but-2-en-1-yl tert-butyl carbonate 

(34a) 

 

Yellow oil, 480 mg, 96% yield; 1H NMR (600 MHz, CDCl3) δ 7.57 (d, J = 7.9 Hz, 1H), 7.37 

(dd, J = 7.7, 1.7 Hz, 1H), 7.34 – 7.27 (m, 4H), 7.24 (t, J = 6.8 Hz, 2H), 7.17 (t, J = 8.6 Hz, 2H), 
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7.13 (td, J = 7.6, 1.8 Hz, 1H), 6.65 (t, J = 7.4 Hz, 1H), 6.58 (d, J = 8.2 Hz, 1H), 5.86 – 5.73 (m, 

1H), 5.71 – 5.67 (m, 1H), 4.67 (s, 2H), 4.55 (d, J = 4.6 Hz, 2H), 4.43 (s, 2H), 4.11 – 3.85 (m, 

2H), 1.50 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 171.78, 153.27, 146.14, 137.81, 136.76, 

132.81, 131.39, 131.02, 129.67, 128.88, 128.78, 128.66, 127.62, 127.57, 127.32, 123.29, 119.78, 

116.40, 112.09, 112.05, 82.32, 66.48, 47.74, 27.80. HRMS(ESI) calcd for C30H34BrN2O4 

[M+H]+: 565.1696, Found: 565.1696. 
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3.2 General Procedure for the Allylic Amination of a 

 

In a dry Schlenk tube filled with argon, [Ir(cod)Cl]2 (2.7 mg, 0.004 mmol, 4 mol %), phospho-

ramidite ligand L1 (4.2 mg, 0.008 mmol, 8 mol %), and n-propylamine (0.5 mL) were dissolved 

in THF (1.0 mL). The reaction mixture was heated at 50 °C for 30 min, followed by removal 

of the volatile solvent under vacuum to give a yellow solid. In this tube, allylic anthranilic acid 

derivatives a (0.1 mmol), DBU (30.5 mg, 0.2 mmol, 200 mol %) and THF (2.0 mL) were added 

and stirred at 40°C until the reaction was complete. Then the solvent was evaporated and the 

residue was purified by silica gel column chromatography using petroleum/EtOAc as the eluent 

to give the desired products b. 

 

 

(R)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (1b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.4 mg, 99% yield; 97% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 9.928 min, tR (major) = 13.703 min]; [α]D
25 = -24.20° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.34 (td, J = 7.8, 1.8 Hz, 

2H), 7.31 – 7.29 (m, 3H), 7.28 (d, J = 5.7 Hz, 3H), 7.25 (d, J = 5.8 Hz, 3H), 7.07 (t, J = 7.5 Hz, 

1H), 6.94 (d, J = 8.1 Hz, 1H), 5.52 – 5.46 (m, 1H), 5.23 – 5.18 (m, 1H), 5.02 – 4.96 (m, 1H), 

4.86 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.37 (d, J = 14.1 Hz, 1H), 4.13 (d, J = 14.1 

Hz, 1H), 3.67 – 3.62 (m, 1H), 3.30 (dd, J = 15.2, 11.1 Hz, 1H), 3.12 (dd, J = 15.3, 5.2 Hz, 1H). 

13C NMR (151 MHz, CDCl3) δ 170.72, 145.45, 137.81, 137.29, 133.74, 131.61, 131.47, 129.89, 



 

25 

 

128.60, 128.46, 128.39, 128.18, 127.47, 127.10, 122.64, 121.21, 119.34, 66.61, 53.71, 50.78, 

50.39. HRMS(ESI) calcd for C25H25N2O [M+H]+: 369.1962, Found: 369.1957. 

 

 

(R)-1,4-dibenzyl-7-methyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (2b)  

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.3 mg, 95% yield; 93% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 14.876 min, tR (major) = 23.373 min]; [α]D
25 = -51.00° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.52 (d, J = 2.2 Hz, 1H), 7.30 (td, J = 5.9, 3.1 Hz, 3H), 

7.27 (d, J = 2.9 Hz, 3H), 7.25 (s, 1H), 7.25 – 7.20 (m, 3H), 7.14 (dd, J = 8.1, 2.3 Hz, 1H), 6.83 

(d, J = 8.1 Hz, 1H), 5.52 – 5.45 (m, 1H), 5.21 – 5.17 (m, 1H), 5.00 – 4.96 (m, 1H), 4.84 – 4.76 

(m, 2H), 4.34 (d, J = 14.1 Hz, 1H), 4.10 (d, J = 14.1 Hz, 1H), 3.64 – 3.59 (m, 1H), 3.28 (dd, J 

= 15.2, 11.1 Hz, 1H), 3.10 (dd, J = 15.2, 5.2 Hz, 1H), 2.32 (s, 3H). 13C NMR (151 MHz, CDCl3) 

δ 170.89, 142.85, 138.02, 137.39, 133.82, 132.23, 131.37, 130.17, 128.58, 128.57, 128.42, 

128.39, 128.16, 127.43, 127.03, 121.13, 119.21, 66.56, 53.73, 50.85, 50.32, 20.56. HRMS(ESI) 

calcd for C26H27N2O [M+H]+: 383.2118, Found: 383.2108. 

 

 

(R)-1,4-dibenzyl-8-methyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (3b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 35.9 mg, 94% yield; 91% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 23.790 min, tR (major) = 30.569 min]; [α]D
25 = -13.92° (c = 0.75, 
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CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.62 (d, J = 7.7 Hz, 1H), 7.31 (d, J = 7.0 Hz, 1H), 7.30 

– 7.27 (m, 4H), 7.26 (s, 1H), 7.26 – 7.21 (m, 4H), 6.89 (d, J = 7.7 Hz, 1H), 6.75 (s, 1H), 5.52 – 

5.45 (m, 1H), 5.22 – 5.18 (m, 1H), 4.99 – 4.94 (m, 1H), 4.82 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 

14.8 Hz, 1H), 4.37 (d, J = 14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 3.65 – 3.58 (m, 1H), 3.29 

(dd, J = 15.2, 11.2 Hz, 1H), 3.08 (dd, J = 15.2, 5.2 Hz, 1H), 2.32 (s, 3H). 13C NMR (151 MHz, 

CDCl3) δ 170.84, 145.66, 141.98, 137.96, 137.38, 133.81, 129.88, 128.58, 128.57, 128.44, 

128.20, 128.19, 127.40, 127.08, 123.42, 121.84, 119.24, 66.28, 53.75, 50.79, 50.35, 21.66. 

HRMS(ESI) calcd for C26H27N2O [M+H]+: 383.2118, Found: 383.2109. 

 

 

(R)-1,4-dibenzyl-7-(4-butylphenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (4b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 38.7 mg, 91% yield; 86% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 11.172 min, tR (major) = 12.965 min]; [α]D
25 = -72.45° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.53 (d, J = 2.3 Hz, 1H), 7.32 – 7.29 (m, 3H), 7.28 (s, 

1H), 7.27 (d, J = 1.9 Hz, 2H), 7.25 (dd, J = 3.1, 1.7 Hz, 2H), 7.24 – 7.20 (m, 2H), 7.15 (dd, J = 

8.2, 2.3 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 5.53 – 5.45 (m, 1H), 5.22 – 5.17 (m, 1H), 5.00 – 4.94 

(m, 1H), 4.84 – 4.74 (m, 2H), 4.34 (d, J = 14.0 Hz, 1H), 4.11 (d, J = 14.0 Hz, 1H), 3.65 – 3.58 

(m, 1H), 3.28 (dd, J = 15.2, 11.2 Hz, 1H), 3.09 (dd, J = 15.2, 5.2 Hz, 1H), 2.58 (t, J = 7.8 Hz, 

2H), 1.64 – 1.60 (m, 2H), 1.39 – 1.34 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR (151 MHz, 

CDCl3) δ 170.95, 143.19, 138.05, 137.43, 137.29, 133.84, 131.57, 131.30, 129.53, 128.57, 

128.43, 128.41, 128.20, 127.41, 127.02, 121.05, 119.18, 66.36, 53.74, 50.86, 50.36, 34.79, 

33.41, 22.43, 13.95. HRMS(ESI) calcd for C25H33N2O [M+H]+: 425.2587, Found: 425.2577. 
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(R)-1,4-dibenzyl-7-methoxy-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one 

(5b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 37.0 mg, 93% yield; 88% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 27.140 min, tR (major) = 35.538 min]; [α]D
25 = -26.90° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.31 (dd, J = 7.5, 2.0 Hz, 3H), 7.29 (s, 1H), 7.27 (d, J 

= 3.0 Hz, 3H), 7.26 – 7.24 (m, 3H), 7.24 – 7.21 (m, 1H), 6.90 (dd, J = 8.7, 3.0 Hz, 1H), 6.87 (d, 

J = 8.7 Hz, 1H), 5.50 – 5.44 (m, 1H), 5.22 – 5.17 (m, 1H), 5.01 – 4.96 (m, 1H), 4.80 (d, J = 2.7 

Hz, 2H), 4.30 (d, J = 13.9 Hz, 1H), 4.07 (d, J = 13.9 Hz, 1H), 3.81 (s, 3H), 3.61 – 3.56 (m, 1H), 

3.25 (dd, J = 15.2, 11.3 Hz, 1H), 3.08 (dd, J = 15.2, 5.4 Hz, 1H). 13C NMR (151 MHz, CDCl3) 

δ 170.56, 155.35, 138.56, 138.06, 137.32, 133.61, 132.70, 128.60, 128.43, 128.41, 128.17, 

127.47, 127.04, 122.51, 119.28, 118.08, 113.73, 66.50, 55.65, 53.88, 50.98, 50.38. HRMS(ESI) 

calcd for C26H27N2O2 [M+H]+: 399.2068, Found: 399.2058. 

 

 

(R)-1,4-dibenzyl-7-fluoro-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (6b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.7 mg, 95% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 16.602 min, tR (major) = 27.280 min]; [α]D
25 = -117.30 ° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.42 (dd, J = 8.6, 3.1 Hz, 1H), 7.30 (dd, J = 7.7, 1.8 

Hz, 3H), 7.28 (s, 1H), 7.27 (d, J = 1.6 Hz, 2H), 7.25 (d, J = 2.0 Hz, 2H), 7.25 – 7.20 (m, 2H), 

7.03 (td, J = 8.3, 3.1 Hz, 1H), 6.88 (dd, J = 8.8, 4.6 Hz, 1H), 5.51 – 5.41 (m, 1H), 5.25 – 5.18 
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(m, 1H), 5.03 – 4.96 (m, 1H), 4.84 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.31 (d, J = 

14.0 Hz, 1H), 4.09 (d, J = 14.0 Hz, 1H), 3.65 – 3.57 (m, 1H), 3.26 (dd, J = 15.3, 11.2 Hz, 1H), 

3.12 (dd, J = 15.3, 5.3 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 169.43, 158.47 (d, J = 242.9 

Hz), 141.31 (d, J = 2.7 Hz), 137.57, 137.06, 133.29, 133.26, 133.21, 128.66, 128.44 (d, J = 17.6 

Hz), 128.21, 127.60, 127.21, 122.61 (d, J = 7.7 Hz), 119.63, 118.17 (d, J = 22.3 Hz), 116.46 (d, 

J = 23.9 Hz), 66.60, 53.95, 50.80, 50.42. 19F NMR (565 MHz, CDCl3) δ -120.16. HRMS(ESI) 

calcd for C25H24FN2O [M+H]+: 387.1868, Found: 387.1858. 

 

 

(R)-1,4-dibenzyl-8-fluoro-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (7b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 35.5 mg, 92% yield; 87% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 17.834 min, tR (major) = 25.655 min]; [α]D
25 = -22.75° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.73 (dd, J = 8.6, 6.8 Hz, 1H), 7.33 – 7.29 (m, 2H), 

7.29 (s, 1H), 7.29 – 7.26 (m, 2H), 7.25 (dd, J = 5.3, 2.0 Hz, 3H), 7.23 (q, J = 2.6 Hz, 2H), 6.75 

(td, J = 8.2, 2.4 Hz, 1H), 6.62 (dd, J = 10.9, 2.4 Hz, 1H), 5.53 – 5.47 (m, 1H), 5.25 – 5.22 (m, 

1H), 5.02 – 4.98 (m, 1H), 4.92 (d, J = 14.8 Hz, 1H), 4.65 (d, J = 14.8 Hz, 1H), 4.33 (d, J = 14.2 

Hz, 1H), 4.11 (d, J = 14.2 Hz, 1H), 3.69 – 3.64 (m, 1H), 3.33 (dd, J = 15.3, 10.8 Hz, 1H), 3.16 

(dd, J = 15.3, 5.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 169.84, 165.06 (d, J = 250.3 Hz), 

147.74 (d, J = 9.7 Hz), 137.12, 133.55, 132.11 (d, J = 10.3 Hz), 128.65, 128.58, 128.23 (d, J = 

7.8 Hz), 127.56, 127.37, 127.29, 126.92 (d, J = 2.9 Hz), 119.69, 119.52, 109.38 (d, J = 21.7 

Hz), 108.15 (d, J = 23.3 Hz), 66.84, 53.84, 50.62, 50.56. 19F NMR (565 MHz, CDCl3) δ -108.10. 

HRMS(ESI) calcd for C25H24FN2O [M+H]+: 387.1868, Found: 387.1859. 
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(R)-1,4-dibenzyl-8-chloro-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (8b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 38.6 mg, 96% yield; 94% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 12.257 min, tR (major) = 16.315 min]; [α]D
25 = -25.80° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.66 (d, J = 8.3 Hz, 1H), 7.31 (d, J = 6.8 Hz, 1H), 7.30 

(s, 1H), 7.29 – 7.26 (m, 3H), 7.25 (d, J = 1.3 Hz, 3H), 7.24 (dd, J = 3.9, 1.9 Hz, 2H), 7.04 (dd, 

J = 8.2, 2.0 Hz, 1H), 6.92 (d, J = 2.0 Hz, 1H), 5.52 – 5.44 (m, 1H), 5.26 – 5.21 (m, 1H), 5.01 – 

4.95 (m, 1H), 4.87 (d, J = 14.8 Hz, 1H), 4.67 (d, J = 14.8 Hz, 1H), 4.34 (d, J = 14.0 Hz, 1H), 

4.11 (d, J = 14.0 Hz, 1H), 3.67 – 3.60 (m, 1H), 3.30 (dd, J = 15.3, 11.0 Hz, 1H), 3.13 (dd, J = 

15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 169.73, 146.84, 137.53, 137.13, 137.01, 

133.36, 131.30, 129.51, 128.66, 128.58, 128.37, 128.22, 127.59, 127.33, 122.67, 121.32, 119.80, 

66.53, 53.78, 50.58, 50.49. HRMS(ESI) calcd for C25H24ClN2O [M+H]+: 403.1572, Found: 

403.1562. 

 

 

(R)-1,4-dibenzyl-7-bromo-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (9b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 41.0 mg, 92% yield; 94% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 15.426 min, tR (major) = 20.121 min]; [α]D
25 = -26.25° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 2.5 Hz, 1H), 7.41 (dd, J = 8.6, 2.5 Hz, 1H), 

7.30 (d, J = 6.9 Hz, 3H), 7.28 (s, 1H), 7.27 (d, J = 5.0 Hz, 2H), 7.26 – 7.21 (m, 4H), 6.79 (d, J 

= 8.6 Hz, 1H), 5.51 – 5.43 (m, 1H), 5.25 – 5.20 (m, 1H), 5.04 – 4.98 (m, 1H), 4.87 (d, J = 14.8 
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Hz, 1H), 4.70 (d, J = 14.8 Hz, 1H), 4.33 (d, J = 14.2 Hz, 1H), 4.11 (d, J = 14.2 Hz, 1H), 3.69 – 

3.61 (m, 1H), 3.29 (dd, J = 15.3, 10.9 Hz, 1H), 3.15 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 

MHz, CDCl3) δ 169.14, 144.33, 137.29, 136.99, 134.35, 133.45, 132.94, 132.74, 128.68, 128.56, 

128.25, 128.20, 127.62, 127.27, 122.81, 119.68, 115.23, 66.77, 53.74, 50.59, 50.51. HRMS(ESI) 

calcd for C25H24BrN2O [M+H]+: 447.1067, Found: 447.1057. 

 

 

(R)-1,4-dibenzyl-8-bromo-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one 

(10b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 40.1 mg, 90% yield; 95% ee [Daicel 

Chiralcel IA-3 (4.6 mm x 250 mmL), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 

25 °C, λ = 254 nm, tR (minor) = 40.730 min, tR (major) = 15.617 min]; [α]D
25 = -95.73° (c = 

0.75, CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.60 (d, J = 8.2 Hz, 1H), 7.39 – 7.31 (m, 3H), 

7.31 (s, 1H), 7.30 – 7.26 (m, 4H), 7.25 (d, J = 2.8 Hz, 2H), 7.22 (dd, J = 8.2, 1.8 Hz, 1H), 7.09 

(d, J = 1.9 Hz, 1H), 5.52 – 5.45 (m, 1H), 5.26 – 5.22 (m, 1H), 5.02 – 4.97 (m, 1H), 4.87 (d, J = 

14.8 Hz, 1H), 4.69 (d, J = 14.7 Hz, 1H), 4.35 (d, J = 14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 

3.67 – 3.61 (m, 1H), 3.31 (dd, J = 15.3, 11.1 Hz, 1H), 3.13 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR 

(151 MHz, CDCl3) δ 169.78, 146.93, 137.12, 136.99, 133.31, 131.43, 130.04, 128.67, 128.59, 

128.41, 128.23, 127.60, 127.36, 125.90, 125.65, 124.30, 119.87, 66.50, 53.78, 50.57, 50.48. 

HRMS(ESI) calcd for C25H24BrN2O [M+H]+: 447.1067, Found: 447.1057. 

 

 

(R)-1,4-dibenzyl-7-phenyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one 

(11b) 
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Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 41.3 mg, 93% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 23.255 min, tR (major) = 15.547 min]; [α]D
25 = -15.65° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 2.4 Hz, 1H), 7.61 (dd, J = 8.3, 1.3 Hz, 2H), 

7.60 – 7.56 (m, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.34 – 7.32 (m, 2H), 7.31 (d, J = 1.3 Hz, 2H), 

7.30 (d, J = 4.1 Hz, 3H), 7.29 – 7.27 (m, 1H), 7.27 (s, 1H), 7.25 (d, J = 6.7 Hz, 2H), 7.01 (d, J 

= 8.3 Hz, 1H), 5.57 – 5.51 (m, 1H), 5.26 – 5.21 (m, 1H), 5.04 – 4.99 (m, 1H), 4.89 (d, J = 14.8 

Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.1 Hz, 1H), 4.18 (d, J = 14.1 Hz, 1H), 3.72 – 

3.66 (m, 1H), 3.38 (dd, J = 15.3, 11.0 Hz, 1H), 3.17 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 

MHz, CDCl3) δ 170.63, 144.76, 139.97, 137.74, 137.26, 135.31, 133.84, 131.46, 130.03, 128.76, 

128.69, 128.64, 128.54, 128.52, 128.36, 128.20, 127.51, 127.23, 127.16, 127.07, 126.69, 

121.50, 119.42, 66.66, 53.77, 50.76, 50.49. HRMS(ESI) calcd for C31H29N2O [M+H]+: 

445.2275, Found: 445.2265. 

 

 

(R)-1,4-dibenzyl-7-(p-tolyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one 

(12b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.6 mg, 93% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 25.595 min, tR (major) = 13.119 min]; [α]D
25 = -40.73° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 2.3 Hz, 1H), 7.57 (dd, J = 8.3, 2.4 Hz, 1H), 

7.51 (d, J = 8.1 Hz, 2H), 7.33 – 7.32 (m, 1H), 7.31 (d, J = 2.0 Hz, 2H), 7.30 (s, 1H), 7.30 – 7.26 
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(m, 4H), 7.26 – 7.24 (m, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.00 (d, J = 8.3 Hz, 1H), 5.57 – 5.50 (m, 

1H), 5.24 – 5.21 (m, 1H), 5.04 – 4.98 (m, 1H), 4.88 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 14.8 Hz, 

1H), 4.42 (d, J = 14.1 Hz, 1H), 4.17 (d, J = 14.1 Hz, 1H), 3.72 – 3.65 (m, 1H), 3.37 (dd, J = 

15.3, 11.0 Hz, 1H), 3.16 (dd, J = 15.3, 5.1 Hz, 1H), 2.39 (s, 3H). 13C NMR (151 MHz, CDCl3) 

δ 170.70, 144.50, 137.79, 137.29, 137.08, 136.81, 135.31, 133.85, 131.47, 129.82, 129.49, 

128.63, 128.50, 128.38, 128.26, 128.20, 127.49, 127.14, 126.52, 121.49, 119.39, 66.61, 53.77, 

50.77, 50.47, 21.09. HRMS(ESI) calcd for C32H31N2O [M+H]+: 459.2431, Found: 459.2423. 

 

 

(R)-1,4-dibenzyl-7-(o-tolyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one 

(13b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.6 mg, 93% yield; 93% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 10.920 min, tR (major) = 14.338 min]; [α]D
25 = -175.6° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.72 (d, J = 2.3 Hz, 1H), 7.34 – 7.31 (m, 3H), 7.31 (s, 

1H), 7.31 – 7.26 (m, 5H), 7.25 (dd, J = 3.6, 2.0 Hz, 3H), 7.24 (d, J = 1.9 Hz, 2H), 7.23 – 7.21 

(m, 1H), 6.99 (d, J = 8.2 Hz, 1H), 5.58 – 5.52 (m, 1H), 5.25 – 5.21 (m, 1H), 5.03 – 4.97 (m, 

1H), 4.88 (d, J = 14.8 Hz, 1H), 4.73 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.0 Hz, 1H), 4.18 (d, J 

= 14.0 Hz, 1H), 3.71 – 3.64 (m, 1H), 3.39 (dd, J = 15.3, 11.1 Hz, 1H), 3.17 (dd, J = 15.3, 5.1 

Hz, 1H), 2.33 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 170.60, 144.40, 140.78, 137.80, 137.30, 

136.14, 135.38, 133.83, 132.44, 130.89, 130.68, 130.40, 129.87, 128.61, 128.49, 128.46, 

128.24, 127.47, 127.20, 127.13, 125.81, 120.75, 119.39, 66.39, 53.78, 50.84, 50.49, 20.60. 

HRMS(ESI) calcd for C32H31N2O [M+H]+: 459.2431, Found: 459.2422. 
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(R)-1,4-dibenzyl-7-(4-methoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (14b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Dark green oil, 43.6 mg, 92% yield; 91% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 65/35, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 35.008 min, tR (major) = 23.326 min]; [α]D
25 = -62.47° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.94 (d, J = 2.3 Hz, 1H), 7.54 (dd, J = 8.6, 2.5 Hz, 3H), 

7.35 – 7.30 (m, 3H), 7.30 (s, 1H), 7.29 – 7.26 (m, 3H), 7.26 – 7.23 (m, 3H), 6.99 (d, J = 8.4 Hz, 

1H), 6.96 (d, J = 8.7 Hz, 2H), 5.58 – 5.49 (m, 1H), 5.25 – 5.20 (m, 1H), 5.04 – 4.98 (m, 1H), 

4.88 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.41 (d, J = 14.1 Hz, 1H), 4.16 (d, J = 14.1 

Hz, 1H), 3.85 (s, 3H), 3.71 – 3.65 (m, 1H), 3.37 (dd, J = 15.3, 11.0 Hz, 1H), 3.16 (dd, J = 15.3, 

5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.70, 159.02, 144.17, 137.82, 137.31, 135.06, 

133.86, 132.59, 131.54, 129.57, 128.62, 128.49, 128.37, 128.19, 128.00, 127.72, 127.48, 

127.12, 121.51, 119.36, 114.22, 66.62, 55.34, 53.76, 50.79, 50.46. HRMS(ESI) calcd for 

C32H31N2O2 [M+H]+: 475.2381, Found: 475.2377. 

 

 

(R)-1,4-dibenzyl-8-(2-methoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (15b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 44.1 mg, 93% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 17.323 min, tR (major) = 23.123 min]; [α]D
25 = -80.45° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.77 (d, J = 7.9 Hz, 1H), 7.35 – 7.31 (m, 4H), 7.31 (s, 



 

34 

 

1H), 7.31 – 7.26 (m, 3H), 7.26 – 7.24 (m, 4H), 7.23 (dd, J = 7.5, 1.8 Hz, 1H), 7.12 (d, J = 1.6 

Hz, 1H), 7.02 (td, J = 7.5, 1.1 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 5.58 – 5.51 (m, 1H), 5.22 – 

5.18 (m, 1H), 5.03 – 4.97 (m, 1H), 4.89 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.44 (d, 

J = 14.1 Hz, 1H), 4.16 (d, J = 14.1 Hz, 1H), 3.76 (s, 3H), 3.69 – 3.64 (m, 1H), 3.39 (dd, J = 

15.2, 11.1 Hz, 1H), 3.15 (dd, J = 15.2, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.78, 

156.53, 145.16, 142.04, 138.03, 137.38, 133.93, 130.67, 130.09, 129.68, 129.56, 129.05, 

128.60, 128.48, 128.46, 128.19, 127.44, 127.09, 123.87, 122.61, 120.92, 119.21, 111.54, 66.51, 

55.65, 53.81, 50.80, 50.41. HRMS(ESI) calcd for C32H31N2O2[M+H]+: 475.2381, Found: 

475.2383. 

 

 

(R)-1,4-dibenzyl-8-(2,6-dimethoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]di-

azepin-5-one (16b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); White oil, 47.3 mg, 94% yield; 91% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, λ = 

254 nm, tR (minor) = 13.686 min, tR (major) = 20.212 min]; [α]D
25 = -175.6° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 7.8 Hz, 1H), 7.32 (t, J = 1.4 Hz, 1H), 7.31 (s, 1H), 

7.30 (d, J = 2.5 Hz, 4H), 7.29 – 7.26 (m, 2H), 7.26 – 7.22 (m, 3H), 7.10 (dd, J = 7.8, 1.5 Hz, 

1H), 6.98 (d, J = 1.5 Hz, 1H), 6.64 (d, J = 8.4 Hz, 2H), 5.59 – 5.52 (m, 1H), 5.22 – 5.17 (m, 

1H), 5.02 – 4.96 (m, 1H), 4.86 – 4.79 (m, 2H), 4.40 (d, J = 14.1 Hz, 1H), 4.13 (d, J = 14.0 Hz, 

1H), 3.67 (s, 6H), 3.67 – 3.64 (m, 1H), 3.41 (dd, J = 15.2, 11.1 Hz, 1H), 3.14 (dd, J = 15.2, 5.2 

Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.99, 157.64, 144.99, 138.22, 137.88, 137.47, 134.04, 

129.38, 129.07, 128.97, 128.57, 128.51, 128.40, 128.14, 127.37, 126.96, 125.44, 124.12, 119.09, 

119.04, 104.46, 66.13, 55.93, 53.69, 50.79, 50.36. HRMS(ESI) calcd for C33H33N2O3 [M+H]+: 

505.2486, Found: 505.2474. 
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(R)-1,4-dibenzyl-7-(4-fluorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (17b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Dark green oil, 43.0 mg, 93% yield; 91% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 23.603 min, tR (major) = 17.089 min]; [α]D
25 = -28.50° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.93 (d, J = 2.4 Hz, 1H), 7.56 (d, J = 5.3 Hz, 1H), 7.55 

(d, J = 5.3 Hz, 1H), 7.52 (dd, J = 8.3, 2.4 Hz, 1H), 7.34 – 7.31 (m, 3H), 7.30 (s, 1H), 7.29 – 

7.27 (m, 3H), 7.27 – 7.26 (m, 1H), 7.25 (d, J = 5.3 Hz, 2H), 7.10 (t, J = 8.7 Hz, 2H), 7.00 (d, J 

= 8.3 Hz, 1H), 5.58 – 5.50 (m, 1H), 5.26 – 5.21 (m, 1H), 5.05 – 5.00 (m, 1H), 4.90 (d, J = 14.8 

Hz, 1H), 4.76 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 14.2 Hz, 1H), 4.17 (d, J = 14.2 Hz, 1H), 3.72 – 

3.66 (m, 1H), 3.37 (dd, J = 15.3, 10.9 Hz, 1H), 3.18 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 

MHz, CDCl3) δ 170.52, 162.34 (d, J = 246.0 Hz), 144.70, 137.45 (d, J = 68.7 Hz), 136.14 (d, J 

= 3.3 Hz), 134.32, 133.81, 131.49, 129.87, 128.59 (d, J = 17.7 Hz), 128.43, 128.35, 128.32, 

128.25, 128.20, 128.17, 127.54, 127.17, 121.54, 119.45, 115.61 (d, J = 21.3 Hz), 66.73, 53.77, 

50.76, 50.52. 19F NMR (565 MHz, CDCl3) δ -116.04. HRMS(ESI) calcd for C31H28FN2O 

[M+H]+: 463.2181, Found: 463.2169. 

 

 

(R)-1,4-dibenzyl-7-(4-chlorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (18b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Dark green oil, 45.4 mg, 95% yield; 88% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 
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λ = 254 nm, tR (minor) = 21.607 min, tR (major) = 17.476 min]; [α]D
25 = -35.25° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.95 (d, J = 2.4 Hz, 1H), 7.56 – 7.53 (m, 1H), 7.53 – 

7.50 (m, 2H), 7.40 – 7.36 (m, 2H), 7.32 (t, J = 2.0 Hz, 1H), 7.32 – 7.30 (m, 2H), 7.30 (s, 1H), 

7.29 – 7.26 (m, 4H), 7.26 – 7.22 (m, 2H), 7.00 (d, J = 8.4 Hz, 1H), 5.58 – 5.49 (m, 1H), 5.26 – 

5.22 (m, 1H), 5.05 – 5.00 (m, 1H), 4.90 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.42 (d, 

J = 14.2 Hz, 1H), 4.18 (d, J = 14.2 Hz, 1H), 3.73 – 3.67 (m, 1H), 3.37 (dd, J = 15.3, 10.9 Hz, 

1H), 3.19 (dd, J = 15.3, 5.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.44, 145.01, 138.44, 

137.61, 137.19, 133.92, 133.80, 133.11, 131.46, 129.84, 128.91, 128.65, 128.54, 128.46, 128.30, 

128.21, 127.89, 127.55, 127.19, 121.55, 119.48, 66.76, 53.77, 50.73, 50.54. HRMS(ESI) calcd 

for C31H28ClN2O [M+H]+: 479.1885, Found: 479.1877. 

 

 

(R)-1,4-dibenzyl-7-(2-chlorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (19b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 44.9 mg, 94% yield; 95% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 36.773 min, tR (major) = 41.401 min]; [α]D
25 = -62.10° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.84 (d, J = 2.3 Hz, 1H), 7.49 (dd, J = 8.3, 2.3 Hz, 1H), 

7.46 (dd, J = 7.8, 1.4 Hz, 1H), 7.39 (dd, J = 7.5, 1.8 Hz, 1H), 7.33 (s, 1H), 7.31 (dd, J = 6.5, 3.9 

Hz, 3H), 7.29 (d, J = 2.1 Hz, 2H), 7.29 – 7.26 (m, 3H), 7.25 – 7.23 (m, 3H), 6.99 (d, J = 8.3 Hz, 

1H), 5.60 – 5.52 (m, 1H), 5.26 – 5.21 (m, 1H), 5.04 – 4.98 (m, 1H), 4.90 (d, J = 14.8 Hz, 1H), 

4.72 (d, J = 14.8 Hz, 1H), 4.44 (d, J = 14.1 Hz, 1H), 4.19 (d, J = 14.1 Hz, 1H), 3.73 – 3.66 (m, 

1H), 3.41 (dd, J = 15.3, 10.9 Hz, 1H), 3.18 (dd, J = 15.3, 5.0 Hz, 1H). 13C NMR (151 MHz, 

CDCl3) δ 170.43, 145.09, 139.40, 137.68, 137.24, 133.86, 132.77, 132.44, 131.41, 131.14, 

130.01, 128.62, 128.51, 128.42, 128.39, 128.24, 127.49, 127.16, 126.88, 120.50, 119.42, 66.51, 
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53.76, 50.75, 50.54. HRMS(ESI) calcd for C31H28ClN2O [M+H]+: 479.1885, Found: 479.1879. 

 

 

(R)-1,4-dibenzyl-7-(naphthalen-1-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (20b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 45.0 mg, 91% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 13.016 min, tR (major) = 22.227 min]; [α]D
25 = -14.95° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 8.3 Hz, 1H), 7.93 – 7.87 (m, 2H), 7.84 (d, 

J = 8.1 Hz, 1H), 7.53 – 7.48 (m, 3H), 7.47 – 7.43 (m, 2H), 7.34 (d, J = 3.1 Hz, 2H), 7.33 (s, 

2H), 7.32 (d, J = 2.4 Hz, 1H), 7.31 (d, J = 2.1 Hz, 1H), 7.31 – 7.26 (m, 2H), 7.25 (s, 1H), 7.24 

(d, J = 1.8 Hz, 1H), 7.07 (d, J = 8.2 Hz, 1H), 5.64 – 5.55 (m, 1H), 5.29 – 5.24 (m, 1H), 5.06 – 

5.00 (m, 1H), 4.89 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.47 (d, J = 14.1 Hz, 1H), 

4.22 (d, J = 14.1 Hz, 1H), 3.74 – 3.69 (m, 1H), 3.46 (dd, J = 15.3, 11.0 Hz, 1H), 3.21 (dd, J = 

15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.55, 144.84, 139.17, 137.77, 137.29, 

134.93, 133.89, 133.83, 133.29, 131.53, 131.47, 131.16, 128.62, 128.54, 128.46, 128.31, 

128.26, 127.64, 127.50, 127.18, 127.06, 126.07, 125.96, 125.75, 125.40, 120.93, 119.47, 66.49, 

53.83, 50.86, 50.53. HRMS(ESI) calcd for C35H31N2O [M+H]+: 495.2431, Found: 495.2422. 

 

(R)-8-([1,1'-biphenyl]-3-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaz-

epin-5-one (21b) 
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Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 48.4 mg, 93% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 10.821 min, tR (major) = 14.387 min]; [α]D
25 = -30.40° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.70 (d, J = 7.8 Hz, 1H), 7.46 – 7.40 (m, 4H), 7.28 (dd, 

J = 8.0, 6.2 Hz, 2H), 7.26 – 7.23 (m, 3H), 7.23 – 7.20 (m, 4H), 7.19 (s, 1H), 7.16 – 7.14 (m, 

2H), 7.14 – 7.12 (m, 2H), 7.12 – 7.09 (m, 2H), 6.54 (d, J = 1.6 Hz, 1H), 5.12 – 5.05 (m, 2H), 

4.85 – 4.79 (m, 1H), 4.75 (s, 2H), 3.75 – 3.68 (m, 2H), 3.52 – 3.46 (m, 1H), 3.20 (dd, J = 15.2, 

11.4 Hz, 1H), 3.01 (dd, J = 15.2, 5.3 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.64, 145.21, 

144.87, 141.57, 140.72, 139.88, 137.77, 137.24, 133.46, 130.65, 130.11, 129.89, 129.77, 129.52, 

128.57, 128.51, 128.35, 128.15, 128.05, 127.87, 127.60, 127.41, 127.00, 126.49, 124.13, 

123.78, 119.10, 65.54, 53.24, 50.75, 50.32. HRMS(ESI) calcd for C37H33N2O [M+H]+: 

521.2588, Found: 521.2580. 

 

 

(R)-8-([1,1'-biphenyl]-4-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaz-

epin-5-one (22b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); White oil, 47.8 mg, 92% yield; 91% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, λ = 

254 nm, tR (minor) = 17.024 min, tR (major) = 19.583 min]; [α]D
25 = -22.60° (c = 0.75, CH2Cl2).  

1H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 

7.0 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.46 (t, J = 7.8 Hz, 2H), 7.39 – 7.34 (m, 2H), 7.32 (d, J 

= 4.4 Hz, 6H), 7.28 (dd, J = 8.4, 2.5 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 7.17 (s, 1H), 5.58 – 5.51 

(m, 1H), 5.24 – 5.21 (m, 1H), 5.04 – 5.00 (m, 1H), 4.91 (d, J = 14.7 Hz, 1H), 4.75 (d, J = 14.7 

Hz, 1H), 4.49 (d, J = 14.0 Hz, 1H), 4.21 (d, J = 14.0 Hz, 1H), 3.72 – 3.67 (m, 1H), 3.39 (dd, J 
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= 15.3, 11.1 Hz, 1H), 3.17 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.59, 

145.87, 144.10, 140.73, 140.58, 139.49, 137.78, 137.31, 133.80, 130.56, 130.19, 128.85, 

128.63, 128.53, 128.45, 128.22, 127.54, 127.50, 127.48, 127.20, 127.07, 127.05, 121.29, 

120.03, 119.44, 66.71, 53.94, 50.80, 50.46. HRMS(ESI) calcd for C37H33N2O [M+H]+: 

521.2588, Found: 521.2586. 

 

 

(R)-8-(anthracen-9-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (23b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 49.5 mg, 91% yield; 90% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 18.187 min, tR (major) = 26.311 min]; [α]D
25 = -60.27° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 8.52 – 8.42 (m, 1H), 8.04 (d, J = 8.5 Hz, 1H), 8.01 (d, 

J = 8.5 Hz, 1H), 7.93 (d, J = 7.7 Hz, 1H), 7.60 (d, J = 8.9 Hz, 1H), 7.48 – 7.41 (m, 3H), 7.40 (s, 

1H), 7.33 (dt, J = 10.5, 7.7 Hz, 4H), 7.31 – 7.27 (m, 3H), 7.27 – 7.27 (m, 1H), 7.23 (dd, J = 6.8, 

1.9 Hz, 2H), 7.22 – 7.19 (m, 1H), 7.13 (dd, J = 7.6, 1.5 Hz, 1H), 6.99 (d, J = 1.6 Hz, 1H), 5.62 

– 5.56 (m, 1H), 5.21 – 5.17 (m, 1H), 5.08 – 5.03 (m, 1H), 5.03 (d, J = 8.2 Hz, 1H), 4.82 (d, J = 

14.7 Hz, 1H), 4.35 (d, J = 14.5 Hz, 1H), 4.05 (d, J = 14.5 Hz, 1H), 3.80 – 3.74 (m, 1H), 3.56 

(dd, J = 15.3, 10.8 Hz, 1H), 3.31 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

170.70, 144.93, 142.37, 137.66, 137.42, 136.08, 133.92, 131.29, 131.24, 130.63, 130.00, 

129.91, 129.83, 128.69, 128.59, 128.44, 128.27, 128.23, 128.15, 127.58, 127.03, 126.79, 

126.58, 126.40, 125.71, 125.68, 125.47, 125.19, 125.02, 124.31, 119.37, 67.63, 53.83, 51.07, 

50.58. HRMS(ESI) calcd for C39H33N2O [M+H]+: 545.2588, Found: 545.2578. 
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(R)-1,4-dibenzyl-7-(6-methoxypyridin-3-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-

benzo[e][1,4]diazepin-5-one (24b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Drak green oil, 43.2 mg, 91% yield; 91% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 75/25, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 40.432 min, tR (major) = 36.747 min]; [α]D
25 = -23.25° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 8.38 (d, J = 2.5 Hz, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.80 

(dd, J = 8.6, 2.6 Hz, 1H), 7.50 (dd, J = 8.3, 2.4 Hz, 1H), 7.32 (d, J = 2.4 Hz, 1H), 7.31 (d, J = 

1.8 Hz, 2H), 7.30 (s, 1H), 7.29 – 7.26 (m, 3H), 7.26 – 7.23 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H), 

6.80 (d, J = 8.6 Hz, 1H), 5.57 – 5.49 (m, 1H), 5.25 – 5.20 (m, 1H), 5.05 – 4.99 (m, 1H), 4.91 

(d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 14.2 Hz, 1H), 4.17 (d, J = 14.2 Hz, 

1H), 3.98 (s, 3H), 3.72 – 3.66 (m, 1H), 3.38 (dd, J = 15.3, 10.9 Hz, 1H), 3.18 (dd, J = 15.3, 5.0 

Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.44, 163.48, 144.74, 144.61, 137.64, 137.19, 137.11, 

133.78, 132.06, 131.67, 129.55, 129.06, 128.65, 128.53, 128.32, 128.21, 128.11, 127.55, 127.18, 

121.70, 119.47, 110.76, 66.76, 53.76, 53.54, 50.76, 50.54. HRMS(ESI) calcd for C31H30N3O2 

[M+H]+: 476.2333, Found: 476.2323. 

 

 

(R)-1,4-dibenzyl-8-(furan-2-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-

one (25b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 40.4 mg, 93% yield; 89% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 13.514 min, tR (major) = 15.032 min]; [α]D
25 = -90.50° (c = 0.75, 
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CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 1.8 Hz, 1H), 7.37 

(dd, J = 8.0, 1.6 Hz, 1H), 7.31 (s, 1H), 7.30 (q, J = 2.5 Hz, 4H), 7.27 (d, J = 1.6 Hz, 2H), 7.25 

(d, J = 2.4 Hz, 2H), 7.25 – 7.22 (m, 2H), 6.68 (d, J = 3.4 Hz, 1H), 6.48 (dd, J = 3.4, 1.8 Hz, 

1H), 5.56 – 5.48 (m, 1H), 5.24 – 5.20 (m, 1H), 5.02 – 4.96 (m, 1H), 4.85 (d, J = 14.8 Hz, 1H), 

4.74 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 13.9 Hz, 1H), 4.19 (d, J = 13.9 Hz, 1H), 3.68 – 3.63 (m, 

1H), 3.34 (dd, J = 15.3, 11.2 Hz, 1H), 3.12 (dd, J = 15.2, 5.2 Hz, 1H). 13C NMR (151 MHz, 

CDCl3) δ 170.41, 153.30, 146.17, 142.60, 137.73, 137.24, 133.90, 133.69, 130.50, 130.07, 

128.62, 128.50, 128.22, 127.49, 127.18, 119.49, 118.07, 116.36, 111.87, 106.35, 66.36, 53.84, 

50.76, 50.42. HRMS(ESI) calcd for C29H27N2O2 [M+H]+: 435.2067, Found: 435.2058. 

 

 

(R)-7-(benzofuran-2-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diaze-

pin-5-one (26b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 45.5 mg, 94% yield; 93% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 21.620 min, tR (major) = 15.458 min]; [α]D
25 = -12.60° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 8.23 (d, J = 2.2 Hz, 1H), 7.83 (dd, J = 8.4, 2.3 Hz, 1H), 

7.57 (d, J = 7.0 Hz, 1H), 7.49 (dd, J = 8.0, 1.1 Hz, 1H), 7.33 (t, J = 2.0 Hz, 1H), 7.32 (s, 1H), 

7.32 – 7.28 (m, 3H), 7.28 – 7.26 (m, 4H), 7.26 – 7.23 (m, 2H), 7.22 (td, J = 7.4, 1.1 Hz, 1H), 

7.01 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 1.0 Hz, 1H), 5.57 – 5.51 (m, 1H), 5.26 – 5.23 (m, 1H), 

5.07 – 5.01 (m, 1H), 4.92 (d, J = 14.7 Hz, 1H), 4.76 (d, J = 14.7 Hz, 1H), 4.44 (d, J = 14.3 Hz, 

1H), 4.19 (d, J = 14.3 Hz, 1H), 3.74 – 3.71 (m, 1H), 3.38 (dd, J = 15.4, 10.7 Hz, 1H), 3.21 (dd, 

J = 15.4, 4.9 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.17, 155.33, 154.82, 145.63, 137.47, 

137.13, 133.82, 131.24, 129.38, 128.68, 128.56, 128.26, 128.21, 127.95, 127.57, 127.24, 

126.99, 124.82, 124.02, 122.89, 121.37, 120.79, 119.55, 111.06, 100.65, 66.86, 53.78, 50.61, 
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50.57. HRMS(ESI) calcd for C33H29N2O2 [M+H]+: 485.2224, Found: 485.2213. 

 

 

(R)-1,4-dibenzyl-8-(thiophen-2-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (27b) 

  

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.7 mg, 95% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 29.452 min, tR (major) = 35.638 min]; [α]D
25 = -12.50° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.32 – 7.32 (m, 

1H), 7.32 – 7.31 (m, 3H), 7.30 (d, J = 4.7 Hz, 3H), 7.30 – 7.27 (m, 2H), 7.27 – 7.26 (m, 2H), 

7.25 (dd, J = 5.8, 2.4 Hz, 1H), 7.15 (d, J = 1.7 Hz, 1H), 7.09 (dd, J = 5.1, 3.6 Hz, 1H), 5.58 – 

5.51 (m, 1H), 5.26 – 5.21 (m, 1H), 5.05 – 4.99 (m, 1H), 4.91 (d, J = 14.8 Hz, 1H), 4.72 (d, J = 

14.8 Hz, 1H), 4.45 (d, J = 14.0 Hz, 1H), 4.19 (d, J = 14.0 Hz, 1H), 3.71 – 3.65 (m, 1H), 3.37 

(dd, J = 15.3, 11.0 Hz, 1H), 3.16 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

170.32, 146.00, 143.69, 137.63, 137.59, 137.26, 133.79, 130.73, 130.15, 128.63, 128.53, 

128.44, 128.22, 128.11, 127.51, 127.21, 125.58, 123.87, 120.07, 119.51, 118.66, 66.72, 53.89, 

50.75, 50.47. HRMS(ESI) calcd for C29H27N2OS [M+H]+: 451.1839, Found: 451.1829. 

 

 

(R)-8-(benzo[b]thiophen-2-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-

benzo[e][1,4]diazepin-5-one (28b) 
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Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); White oil, 46.5 mg, 93% yield; 95% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, λ = 

254 nm, tR (minor) = 15.980 min, tR (major) = 17.733 min]; [α]D
25 = -20.70° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.83 (dd, J = 7.9, 1.2 Hz, 1H), 7.81 – 7.76 (m, 2H), 7.54 (s, 1H), 

7.42 (dd, J = 8.0, 1.7 Hz, 1H), 7.37 (dd, J = 7.2, 1.3 Hz, 1H), 7.34 (dd, J = 5.7, 1.4 Hz, 1H), 

7.32 (s, 3H), 7.32 (s, 3H), 7.30 – 7.26 (m, 3H), 7.26 – 7.24 (m, 2H), 5.59 – 5.52 (m, 1H), 5.27 

– 5.22 (m, 1H), 5.06 – 5.00 (m, 1H), 4.92 (d, J = 14.7 Hz, 1H), 4.72 (d, J = 14.7 Hz, 1H), 4.48 

(d, J = 13.9 Hz, 1H), 4.22 (d, J = 13.9 Hz, 1H), 3.72 – 3.67 (m, 1H), 3.38 (dd, J = 15.4, 11.0 

Hz, 1H), 3.17 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.17, 146.02, 143.45, 

140.52, 139.67, 137.55, 137.52, 137.21, 133.74, 130.89, 130.77, 128.65, 128.57, 128.45, 

128.24, 127.55, 127.26, 124.66, 123.76, 122.30, 120.60, 120.35, 119.59, 119.23, 66.76, 53.91, 

50.74, 50.50. HRMS(ESI) calcd for C33H29N2OS [M+H]+: 501.1995, Found: 501.1983. 

 

 

(R)-1,4-dibenzyl-8-(5a,9a-dihydrodibenzo[b,d]thiophen-3-yl)-2-vinyl-1,2,3,4-tetrahydro-

5H-benzo[e][1,4]diazepin-5-one (29b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Brown oil, 50.8 mg, 92% yield; 90% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 18.498 min, tR (major) = 25.193 min]; [α]D
25 = -80.30° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 8.20 – 8.14 (m, 2H), 7.89 (d, J = 7.8 Hz, 1H), 7.83 – 

7.80 (m, 1H), 7.55 (t, J = 7.6 Hz, 1H), 7.48 – 7.46 (m, 2H), 7.44 (dd, J = 7.5, 1.1 Hz, 1H), 7.41 

– 7.40 (m, 1H), 7.38 (d, J = 1.7 Hz, 1H), 7.35 (d, J = 2.7 Hz, 2H), 7.34 (d, J = 2.1 Hz, 3H), 7.32 

(t, J = 1.8 Hz, 1H), 7.30 – 7.29 (m, 1H), 7.28 (s, 1H), 7.27 – 7.26 (m, 2H), 5.60 – 5.54 (m, 1H), 

5.24 – 5.20 (m, 1H), 5.05 – 4.99 (m, 1H), 4.93 (d, J = 14.7 Hz, 1H), 4.78 (d, J = 14.7 Hz, 1H), 

4.53 (d, J = 14.1 Hz, 1H), 4.21 (d, J = 14.1 Hz, 1H), 3.74 – 3.68 (m, 1H), 3.44 (dd, J = 15.3, 
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11.1 Hz, 1H), 3.20 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.50, 145.93, 

143.96, 139.55, 138.52, 137.73, 137.23, 136.36, 136.33, 135.69, 133.75, 130.67, 130.65, 

128.66, 128.56, 128.54, 128.22, 127.53, 127.20, 126.90, 126.70, 125.09, 124.45, 122.63, 

122.58, 121.74, 121.09, 120.85, 119.52, 66.66, 53.89, 50.81, 50.49. HRMS(ESI) calcd for 

C37H33N2OS [M+H]+: 553.2308, Found: 553.2305. 

 

 

(R)-4-benzyl-1-(4-methylbenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-

one (30b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 35.1 mg, 92% yield; 93% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 10.088 min, tR (major) = 13.627 min]; [α]D
25 = -112.99° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.71 (dd, J = 7.6, 1.7 Hz, 1H), 7.35 – 7.32 (m, 1H), 

7.30 (dd, J = 7.4, 2.3 Hz, 2H), 7.27 – 7.22 (m, 3H), 7.16 (d, J = 7.9 Hz, 2H), 7.10 (d, J = 7.8 

Hz, 2H), 7.08 – 7.05 (m, 1H), 6.94 (d, J = 8.1 Hz, 1H), 5.51 – 5.45 (m, 1H), 5.24 – 5.18 (m, 

1H), 5.02 – 4.96 (m, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.33 (d, J = 13.9 

Hz, 1H), 4.09 (d, J = 13.9 Hz, 1H), 3.68 – 3.63 (m, 1H), 3.29 (dd, J = 15.2, 11.1 Hz, 1H), 3.11 

(dd, J = 15.2, 5.2 Hz, 1H), 2.34 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 170.75, 145.57, 137.33, 

136.64, 134.72, 133.77, 131.60, 131.44, 129.87, 129.14, 128.59, 128.34, 128.18, 127.44, 

122.55, 121.23, 119.28, 66.40, 53.42, 50.78, 50.36, 21.12. HRMS(ESI) calcd for C26H27N2O 

[M+H]+: 383.2118, Found: 383.2109. 
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(R)-4-benzyl-1-(4-methoxybenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (31b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.6 mg, 92% yield; 93% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol =60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 13.674 min, tR (major) = 19.474 min]; [α]D
25 = -71.55° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.71 (dd, J = 7.6, 1.7 Hz, 1H), 7.35 – 7.33 (m, 1H), 

7.30 (dd, J = 7.5, 2.0 Hz, 2H), 7.29 – 7.26 (m, 1H), 7.25 (d, J = 2.1 Hz, 2H), 7.18 (d, J = 8.6 

Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 5.50 – 5.44 

(m, 1H), 5.21 – 5.18 (m, 1H), 5.00 – 4.96 (m, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.8 

Hz, 1H), 4.29 (d, J = 13.8 Hz, 1H), 4.07 (d, J = 13.7 Hz, 1H), 3.80 (s, 3H), 3.66 – 3.61 (m, 1H), 

3.29 (dd, J = 15.2, 11.2 Hz, 1H), 3.10 (dd, J = 15.2, 5.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) 

δ 170.74, 158.69, 145.53, 137.34, 133.76, 131.57, 131.55, 129.82, 129.77, 129.53, 128.59, 

128.19, 127.46, 122.60, 121.29, 119.25, 113.85, 66.30, 55.26, 53.08, 50.83, 50.35. HRMS(ESI) 

calcd for C26H27N2O2 [M+H]+: 399.2068, Found: 399.2059. 

 

 

(R)-4-benzyl-1-(4-fluorobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-

one (32b) 
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Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.7 mg, 95% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 10.915 min, tR (major) = 16.970 min]; [α]D
25 = -21.93° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.37 – 7.33 (m, 1H), 

7.33 – 7.30 (m, 2H), 7.30 – 7.26 (m, 3H), 7.23 – 7.19 (m, 2H), 7.09 (t, J = 7.5 Hz, 1H), 7.00 – 

6.94 (m, 2H), 6.92 (d, J = 8.1 Hz, 1H), 5.52 – 5.45 (m, 1H), 5.23 – 5.19 (m, 1H), 5.01 – 4.96 

(m, 1H), 4.89 (d, J = 14.7 Hz, 1H), 4.71 (d, J = 14.7 Hz, 1H), 4.32 (d, J = 14.0 Hz, 1H), 4.09 

(d, J = 14.0 Hz, 1H), 3.61 – 3.56 (m, 1H), 3.31 (dd, J = 15.2, 11.2 Hz, 1H), 3.12 (dd, J = 15.2, 

5.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.59, 161.93 (d, J = 244.9 Hz), 145.16, 137.31, 

133.63, 133.42 (d, J = 2.9 Hz), 131.67, 131.60, 129.87 (d, J = 2.4 Hz), 129.83, 128.61, 128.23, 

127.55, 122.87, 121.22, 119.41, 115.28 (d, J = 21.3 Hz), 66.68, 52.97, 50.86, 50.40. 19F NMR 

(565 MHz, CDCl3) δ -115.61. HRMS(ESI) calcd for C25H24FN2O [M+H]+: 387.1867, Found: 

387.1859. 

 

(R)-4-benzyl-1-(4-chlorobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-

one (33b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 37.9 mg, 94% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 11.258 min, tR (major) = 20.833 min]; [α]D
25 = -73.82° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 7.6 Hz, 1H), 7.38 – 7.35 (m, 1H), 7.34 – 

7.31 (m, 2H), 7.30 – 7.27 (m, 4H), 7.26 (d, J = 2.0 Hz, 1H), 7.20 (d, J = 8.2 Hz, 2H), 7.11 (t, J 

= 7.7 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 5.52 – 5.46 (m, 1H), 5.25 – 5.20 (m, 1H), 5.02 – 4.97 
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(m, 1H), 4.91 (d, J = 14.7 Hz, 1H), 4.72 (d, J = 14.7 Hz, 1H), 4.33 (d, J = 14.1 Hz, 1H), 4.10 

(d, J = 14.1 Hz, 1H), 3.61 – 3.55 (m, 1H), 3.32 (dd, J = 15.2, 11.2 Hz, 1H), 3.14 (dd, J = 15.2, 

5.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.53, 145.08, 137.29, 136.32, 133.55, 132.76, 

131.66, 131.64, 129.89, 129.70, 128.63, 128.25, 127.58, 122.94, 121.16, 119.52, 66.78, 53.04, 

50.83, 50.39. HRMS(ESI) calcd for C25H24ClN2O [M+H]+: 403.1572, Found: 403.1562. 

 

 

(R)-4-benzyl-1-(2-bromobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-

one (34b) 

 

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 41.9 mg, 94% yield; 92% ee [Daicel 

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, 

λ = 254 nm, tR (minor) = 11.367 min, tR (major) = 13.856 min]; [α]D
25 = +175.6° (c = 0.75, 

CH2Cl2). 1H NMR (600 MHz, CDCl3) δ 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 

7.34 (dd, J = 7.7, 1.7 Hz, 1H), 7.32 – 7.29 (m, 3H), 7.25 – 7.24 (m, 2H), 7.23 (d, J = 2.2 Hz, 

2H), 7.20 (d, J = 7.4 Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 5.60 – 5.54 (m, 

1H), 5.26 – 5.23 (m, 1H), 5.11 – 5.07 (m, 1H), 4.97 (d, J = 14.8 Hz, 1H), 4.66 (d, J = 14.7 Hz, 

1H), 4.46 (d, J = 15.2 Hz, 1H), 4.23 (d, J = 15.2 Hz, 1H), 3.65 – 3.61 (m, 1H), 3.32 (dd, J = 

15.3, 10.7 Hz, 1H), 3.18 (dd, J = 15.2, 5.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 170.59, 

144.76, 137.27, 136.62, 134.15, 132.97, 131.65, 130.22, 130.13, 128.61, 128.27, 127.49, 

127.35, 124.05, 122.72, 121.11, 119.46, 67.63, 53.41, 50.72, 50.48. HRMS(ESI) calcd for 

C25H24BrN2O [M+H]+: 447.1067, Found: 447.1057. 
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3.3 General Procedure for the Synthetic Applications 

3.3.1 Gram-scale Reaction  

Representative Procedure: in a dry Schlenk tube (50.0 mL) filled with argon, [Ir(cod)Cl]2 (53.76 

mg, 0.080 mmol, 4 mol %), ligand L1 (84 mg, 0.16 mmol, 8mol %), and n-propylamine (5.0 

mL) were dissolved in THF (5.0 mL). The reaction mixture was heated at 50 °C for 30 min and 

then the volatile solvents were removed in vacuum to give a yellow solid. In glove box, sub-

strate (1.13 g, 2 mmol), DBU (0.61 g, 4 mmol, 200 mol %) and solvent (20.0 mL) were added 

into the above tube and stirred at 40 °C until the reaction was complete. Then the solvent was 

evaporated and the residue was purified by silica gel column chromatography using petro-

leum/EtOAc as the eluent to give the desired product 10b (90% yield, 95% ee).  

 

3.3.2 Procedure for the Synthesis of 10c  

 

10b (0.05 mmol), palladium on activated carbon (10% Pd) (5.3 mg) and EtOAc (2.0 mL) were 

added to a round bottom flask fitted with a hydrogen balloon. The tube was degassed and back-

filled with hydrogen for three cycles. The mixture was stirred until TLC showed that the reac-

tion completed. The reaction mixture was filtered through a celite pad, and the filtrate was con-

centrated. The residue was purified by silica gel column chromatography (petroleum 

ether/EtOAc = 5/1) to give product 10c (80% yield, 96% ee). 
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(R)-1,4-dibenzyl-8-bromo-2-ethyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one  

(10c) 

 

Rf = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 24 mg, 80% yield; 96% ee [Daicel Chi-

ralcel IA-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mL•min-1, T = 25 °C, λ 

= 254 nm, tR (minor) = 37.165 min, tR (major) = 14.703 min]; [α]D
25 = -18.00° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.59 (d, J = 8.2 Hz, 1H), 7.33 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 

3.9 Hz, 3H), 7.28 (d, J = 10.5 Hz, 5H), 7.18 (dd, J = 8.2, 1.8 Hz, 1H), 7.09 (d, J = 1.8 Hz, 1H), 

4.81 (d, J = 14.6 Hz, 1H), 4.76 (d, J = 14.7 Hz, 1H), 4.44 (d, J = 14.1 Hz, 1H), 4.25 (d, J = 14.1 

Hz, 1H), 3.28 – 3.24 (m, 1H), 3.24 – 3.20 (m, 1H), 3.17 (d, J = 8.3 Hz, 1H), 1.72 – 1.64 (m, 

2H), 0.69 (t, J = 7.5 Hz, 3H). 13C NMR (151 MHz, CDCl3) δ 169.93, 147.29, 137.30, 137.09, 

131.36, 130.39, 128.67, 128.60, 128.32, 128.24, 127.60, 127.36, 125.80, 125.43, 124.84, 63.85, 

53.87, 50.49, 50.06, 21.24, 9.71. HRMS(ESI) calcd for C25H26BrN2O [M+H]+: 449.1223, Found: 

449.1212. 

 

 

3.3.3 Procedure for the Synthesis of 10d  

  

In a dry Schlenk tube filled with argon, 10b (30.0 mg, 0.07 mmol, 1.0 equiv), Pd2(dba)3 (2.0 

mg, 0.002 mmol, 0.03 equiv), S-Phos (2.3 mg, 0.006 mmol, 0.08 equiv) and Cs2CO3 (44.0 mg, 

0.14 mmol, 2.0 equiv) were dissolved in PhMe (3.0 mL). The mixture reacted at 40°C until 

color change occurred, followed by the addition of pyrrolidine (9.0 mg, 0.13 mmol, 1.8 equiv). 
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The reaction mixture was heated at 100 °C for 24 h. Then the solvent was evaporated under 

reduced pressure and the residue was purified by silica gel column chromatography using pe-

troleum/EtOAc (5 : 1) as the eluent to give the desired product 10d (86% yield, 95% ee). 

 

(R)-1,4-dibenzyl-8-(pyrrolidin-1-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-

5-one (10d) 

 

Rf = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 86% yield; 95% ee [Daicel Chi-

ralcel OD-H (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, λ 

= 254 nm, tR (minor) = 16.443 min, tR (major) = 8.277 min]; [α]D
25 = -40.85° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.63 (d, J = 8.6 Hz, 1H), 7.31 (s, 1H), 7.29 (d, J = 4.9 Hz, 4H), 

7.25 – 7.23 (m, 2H), 7.23 – 7.22 (m, 2H), 7.22 – 7.20 (m, 1H), 6.25 (d, J = 10.8 Hz, 1H), 6.01 

(d, J = 2.3 Hz, 1H), 5.58 – 5.52 (m, 1H), 5.20 – 5.17 (m, 1H), 4.98 – 4.95 (m, 1H), 4.86 (d, J = 

14.9 Hz, 1H), 4.68 (d, J = 14.9 Hz, 1H), 4.41 (d, J = 14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 

3.62 (d, J = 5.2 Hz, 1H), 3.36 (dd, J = 15.0, 11.1 Hz, 1H), 3.30 – 3.24 (m, 4H), 3.09 (dd, J = 

15.0, 5.2 Hz, 1H), 2.02 – 1.96 (m, 4H). 13C NMR (151 MHz, CDCl3) δ 171.48, 150.48, 147.31, 

138.36, 137.87, 134.44, 131.55, 128.49, 128.40, 128.23, 128.18, 127.21, 126.97, 118.85, 118.07, 

105.92, 103.76, 66.59, 54.12, 50.95, 50.44, 47.53, 25.43. HRMS(ESI) calcd for C29H32N3O 

[M+H]+: 438.2540, Found: 438.2536. 

 

3.3.4 Procedure for the Synthesis of 10e  
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In a dry Schlenk tube filled with argon, 10b (30.0 mg, 0.07 mmol, 1.0 equiv), Pd2(dba)3 (2.0 

mg, 0.002 mmol, 0.03 equiv), S-Phos (2.3 mg, 0.006 mmol, 0.08 equiv) and Cs2CO3 (44.0 mg, 

0.14 mmol, 2.0 equiv) were dissolved in PhMe (3.0 mL). The mixture reacted at 40°C until 

color change occurred, followed by the addition of 3-fluorobenzylamine (15.7 mg, 0.13 mmol, 

1.8 equiv). The reaction mixture was heated at 100 °C for 24 h. Then the solvent was evaporated 

under reduced pressure and the residue was purified by silica gel column chromatography using 

petroleum/EtOAc (5 : 1) as the eluent to give the desired product 10e (87% yield, 95% ee).  

 

(R)-1,4-dibenzyl-8-((3-fluorophenyl)amino)-2-vinyl-1,2,3,4-tetrahydro-5H-

benzo[e][1,4]diazepin-5-one (10e) 

 

Rf = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 87% yield; 95% ee [Daicel Chi-

ralcel OD-H (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, λ 

= 254 nm, tR (minor) = 20.863 min, tR (major) = 15.758 min]; [α]D
25 = -40.75° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 3.2 Hz, 2H), 7.28 (s, 1H), 

7.27 – 7.26 (m, 2H), 7.24 (d, J = 7.4 Hz, 2H), 7.23 – 7.21 (m, 3H), 7.21 – 7.19 (m, 1H), 7.07 

(d, J = 7.6 Hz, 1H), 7.01 (d, J = 9.6 Hz, 1H), 6.98 – 6.92 (m, 1H), 6.29 (dd, J = 8.4, 2.2 Hz, 

1H), 6.08 (d, J = 2.2 Hz, 1H), 5.52 – 5.46 (m, 1H), 5.19 – 5.14 (m, 1H), 4.98 – 4.92 (m, 1H), 

4.88 (d, J = 14.9 Hz, 1H), 4.64 (d, J = 14.9 Hz, 1H), 4.30 (s, 2H), 4.26 (d, J = 14.3 Hz, 1H), 

4.03 (d, J = 14.0 Hz, 1H), 3.64 – 3.59 (m, 1H), 3.35 (dd, J = 15.1, 10.8 Hz, 1H), 3.12 (dd, J = 

15.1, 5.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 171.16, 163.23 (d, J = 246.9 Hz), 150.93, 

147.49, 141.82, 137.90 (d, J = 46.9 Hz), 134.29, 131.91, 130.30 (d, J = 8.2 Hz), 128.62, 128.54, 

128.37, 128.35, 128.25, 128.24, 127.26 (d, J = 41.7 Hz), 122.85, 120.29, 119.11, 114.33 (d, J 

= 13.0 Hz), 114.19 (d, J = 12.7 Hz), 106.94, 104.92, 66.63, 54.00, 50.91, 50.60, 47.50. 19F NMR 

(565 MHz, CDCl3) δ -112.75. HRMS(ESI) calcd for C32H31FN3O [M+H]+: 492.2446, Found: 

492.2443. 
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3.3.5 Procedure for the Synthesis of 1b’  

 

To a solution of 10b 10b (30.0 mg, 0.07 mmol, 1.0 equiv) in THF (10 mL) at 0 °C, LiAlH4 

(7.66 mg, 0.21 mmol, 3.0 equiv) was added in three portions. The reaction mixture was stirred 

for 12 h at 50 °C. It was cooled back down to 0 °C and MeOH was added. Then the mixture 

was filtered through celite and the obtained solution was concentrated in vacuo. The crude res-

idue was purified using column chromatography (eluent: petroleum ether/EtOAc = 5 : 1) to 

provide the desired product 1b’ (90% yield, 90% ee). 

 

(R)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4]diazepin-5-one (1b’) 

 

Rf = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 90% yield; 90% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, λ = 

254 nm, tR (minor) = 13.081 min, tR (major) = 7.952 min]; [α]D
25 = -21.50° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.34 (td, J = 7.7, 1.8 Hz, 2H), 

7.30 (dd, J = 7.2, 2.1 Hz, 3H), 7.28 – 7.27 (m, 2H), 7.26 – 7.21 (m, 4H), 7.07 (t, J = 7.5 Hz, 

1H), 6.94 (d, J = 8.1 Hz, 1H), 5.52 – 5.45 (m, 1H), 5.23 – 5.18 (m, 1H), 5.02 – 4.96 (m, 1H), 

4.86 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.37 (d, J = 14.1 Hz, 1H), 4.13 (d, J = 14.0 

Hz, 1H), 3.68 – 3.61 (m, 1H), 3.30 (dd, J = 15.2, 11.1 Hz, 1H), 3.12 (dd, J = 15.2, 5.2 Hz, 1H).  

13C NMR (151 MHz, CDCl3) δ 170.73, 145.46, 137.81, 137.28, 133.71, 131.63, 131.46, 129.89, 

128.61, 128.47, 128.40, 128.19, 127.48, 127.11, 122.65, 121.21, 119.38, 66.61, 53.71, 50.76, 

50.37. HRMS(ESI) calcd for C25H25N2O [M+H]+: 369.1961, Found: 369.1954. 



 

53 

 

3.3.6 Procedure for the Synthesis of 2c  

 

To a solution of 2b (30 mg, 0.08 mmol, 1.0 equiv) in THF (10 mL) at 0 °C, LiAlH4 (18 mg, 

0.48 mmol, 6.0 equiv) was added in three portions. The reaction mixture was stirred for 12 h 

at 50 °C. It was cooled back down to 0 °C and MeOH was added. Then the mixture was fil-

tered through celite and the obtained solution was concentrated in vacuo. The crude residue 

was purified using column chromatography (eluent: petroleum ether/EtOAc = 5 : 1) to pro-

vide the desired product 2c (83% yield, 92% ee). 

 

(R)-1,4-dibenzyl-7-methyl-2-vinyl-2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine (2c) 

 

Rf = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 25 mg, 83% yield; 92% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mL•min-1, T = 25 °C, λ = 

254 nm, tR (minor) = 4.749 min, tR (major) = 5.018 min]; [α]D
25 = -17.65° (c = 0.75, CH2Cl2). 

1H NMR (600 MHz, CDCl3) δ 7.41 (d, J = 7.5 Hz, 2H), 7.36 – 7.33 (m, 4H), 7.33 – 7.31 (m, 

2H), 7.30 (s, 1H), 7.25 – 7.23 (m, 1H), 7.02 (d, J = 8.1 Hz, 1H), 6.89 – 6.88 (m, 1H), 6.83 (d, J 

= 8.0 Hz, 1H), 5.77 – 5.61 (m, 1H), 5.09 – 5.06 (m, 1H), 5.03 – 4.99 (m, 1H), 4.42 (d, J = 13.9 

Hz, 1H), 4.16 (d, J = 13.9 Hz, 1H), 3.82 (d, J = 12.9 Hz, 1H), 3.76 (d, J = 12.9 Hz, 1H), 3.70 

(d, J = 13.4 Hz, 1H), 3.64 (d, J = 13.4 Hz, 1H), 3.60 – 3.55 (m, 1H), 2.78 (dd, J = 12.8, 5.1 Hz, 

1H), 2.69 (d, J = 12.9 Hz, 1H), 2.28 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 146.50, 139.40, 

136.54, 131.43, 130.80, 130.58, 128.84, 128.51, 128.39, 128.31, 128.22, 127.01, 126.92, 

124.00, 119.24, 116.46, 61.68, 60.28, 58.67, 55.76, 29.73, 20.58. HRMS(ESI) calcd for 

C26H29N2 [M+H]+: 369.2325, Found: 369.2315. 
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4.Copies of NMR Spectra  

Figure S1. 1H NMR (600 MHz, CDCl3) spectrum of 1a 

  

Figure S2. 13C NMR (151 MHz, CDCl3) spectrum of 1a 
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Figure S3. 1H NMR (600 MHz, CDCl3) spectrum of 2a  

 

 

Figure S4. 13C NMR (151 MHz, CDCl3) spectrum of 2a
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Figure S5. 1H NMR (600 MHz, CDCl3) spectrum of 3a 

 

Figure S6. 13C NMR (151 MHz, CDCl3) spectrum of 3a 
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Figure S7. 1H NMR (600 MHz, CDCl3) spectrum of 4a 

 

Figure S8. 13C NMR (151 MHz, CDCl3) spectrum of 4a 
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Figure S9. 1H NMR (600 MHz, CDCl3) spectrum of 5a 

 

Figure S10. 13C NMR (151 MHz, CDCl3) spectrum of 5a 
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Figure S11. 1H NMR (600 MHz, CDCl3) spectrum of 6a 

 

Figure S12. 13C NMR (151 MHz, CDCl3) spectrum of 6a 
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Figure S13. 19F NMR (565 MHz, CDCl3) spectrum of 6a 
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Figure S14. 1H NMR (600 MHz, CDCl3) spectrum of 7a 

 

Figure S15. 13C NMR (151 MHz, CDCl3) spectrum of 7a 
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Figure S16. 19F NMR (565 MHz, CDCl3) spectrum of 7a 
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Figure S17. 1H NMR (600 MHz, CDCl3) spectrum of 8a 

 

Figure S18. 13C NMR (151 MHz, CDCl3) spectrum of 8a 
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Figure S19. 1H NMR (600 MHz, CDCl3) spectrum of 9a 

 

Figure S20. 13C NMR (151 MHz, CDCl3) spectrum of 9a 
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Figure S21. 1H NMR (600 MHz, CDCl3) spectrum of 10a 

 

Figure S22. 13C NMR (151 MHz, CDCl3) spectrum of 10a 
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Figure S23. 1H NMR (600 MHz, CDCl3) spectrum of 11a

 

Figure S24. 13C NMR (151 MHz, CDCl3) spectrum of 11a 
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Figure S25. 1H NMR (600 MHz, CDCl3) spectrum of 12a 

 

Figure S26. 13C NMR (151 MHz, CDCl3) spectrum of 12a 

 



 

69 

 

Figure S27. 1H NMR (600 MHz, CDCl3) spectrum of 13a 

 

Figure S28. 13C NMR (151 MHz, CDCl3) spectrum of 13a 
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Figure S29. 1H NMR (600 MHz, CDCl3) spectrum of 14a 

 

Figure S30. 13C NMR (151 MHz, CDCl3) spectrum of 14a 
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Figure S31. 1H NMR (600 MHz, CDCl3) spectrum of 15a 

 

Figure S32. 13C NMR (151 MHz, CDCl3) spectrum of 15a 
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Figure S33. 1H NMR (600 MHz, CDCl3) spectrum of 16a 

 

Figure S34. 13C NMR (151 MHz, CDCl3) spectrum of 16a 
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Figure S35. 1H NMR (600 MHz, CDCl3) spectrum of 17a 

 

Figure S36. 13C NMR (151 MHz, CDCl3) spectrum of 17a 
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Figure S37. 19F NMR (565 MHz, CDCl3) spectrum of 17a 
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Figure S38. 1H NMR (600 MHz, CDCl3) spectrum of 18a 

 

 

Figure S39. 13C NMR (151 MHz, CDCl3) spectrum of 18a 
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Figure S40. 1H NMR (600 MHz, CDCl3) spectrum of 19a 

 

 

Figure S41. 13C NMR (151 MHz, CDCl3) spectrum of 19a 
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Figure S42. 1H NMR (600 MHz, CDCl3) spectrum of 20a 

 

 

Figure S43. 13C NMR (151 MHz, CDCl3) spectrum of 20a 
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Figure S44. 1H NMR (600 MHz, CDCl3) spectrum of 21a 

 

 

Figure S45. 13C NMR (151 MHz, CDCl3) spectrum of 21a 
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Figure S46. 1H NMR (600 MHz, CDCl3) spectrum of 22a 

 

 

Figure S47. 13C NMR (151 MHz, CDCl3) spectrum of 22a 
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Figure S48. 1H NMR (600 MHz, CDCl3) spectrum of 23a 

 

 

Figure S49. 13C NMR (151 MHz, CDCl3) spectrum of 23a 
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Figure S50. 1H NMR (600 MHz, CDCl3) spectrum of 24a 

 

 

Figure S51. 13C NMR (151 MHz, CDCl3) spectrum of 24a 
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Figure S52. 1H NMR (600 MHz, CDCl3) spectrum of 25a 

 

 

Figure S53. 13C NMR (151 MHz, CDCl3) spectrum of 25a 
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Figure S54. 1H NMR (600 MHz, CDCl3) spectrum of 26a 

 

 

Figure S55. 13C NMR (151 MHz, CDCl3) spectrum of 26a 
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Figure S56. 1H NMR (600 MHz, CDCl3) spectrum of 27a 

 

 

Figure S57. 13C NMR (151 MHz, CDCl3) spectrum of 27a 
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Figure S58. 1H NMR (600 MHz, CDCl3) spectrum of 28a 

 

 

Figure S59. 13C NMR (151 MHz, CDCl3) spectrum of 28a 
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Figure S60. 1H NMR (600 MHz, CDCl3) spectrum of 29a 

 

 

Figure S61. 13C NMR (151 MHz, CDCl3) spectrum of 29a 
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Figure S62. 1H NMR (600 MHz, CDCl3) spectrum of 30a 

 

 

Figure S63. 13C NMR (151 MHz, CDCl3) spectrum of 30a 
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Figure S64. 1H NMR (600 MHz, CDCl3) spectrum of 31a 

 

 

Figure S65. 13C NMR (151 MHz, CDCl3) spectrum of 31a 
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Figure S66. 1H NMR (600 MHz, CDCl3) spectrum of 32a 

 

 

Figure S67. 13C NMR (151 MHz, CDCl3) spectrum of 32a 
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Figure S68. 19F NMR (565 MHz, CDCl3) spectrum of 32a 
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Figure S69. 1H NMR (600 MHz, CDCl3) spectrum of 33a 

 

 

Figure S70. 13C NMR (151 MHz, CDCl3) spectrum of 33a 
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Figure S71. 1H NMR (600 MHz, CDCl3) spectrum of 34a 

 

 

Figure S72. 13C NMR (151 MHz, CDCl3) spectrum of 34a 
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Figure S73. 1H NMR (600 MHz, CDCl3) spectrum of (R)-1b 

 

 

Figure S74. 13C NMR (151 MHz, CDCl3) spectrum of (R)-1b 
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Figure S75. 1H NMR (600 MHz, CDCl3) spectrum of (R)-2b 

 

 

Figure S76. 13C NMR (151 MHz, CDCl3) spectrum of (R)-2b 
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Figure S77. 1H NMR (600 MHz, CDCl3) spectrum of (R)-3b 

 

 

Figure S78. 13C NMR (151 MHz, CDCl3) spectrum of (R)-3b 
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Figure S79. 1H NMR (600 MHz, CDCl3) spectrum of (R)-4b 

 

 

Figure 80. 13C NMR (151 MHz, CDCl3) spectrum of (R)-4b 
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Figure S81. 1H NMR (600 MHz, CDCl3) spectrum of (R)-5b 

 

 

Figure S82. 13C NMR (151 MHz, CDCl3) spectrum of (R)-5b 
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Figure S83. 1H NMR (600 MHz, CDCl3) spectrum of (R)-6b 

 

 

Figure S84. 13C NMR (151 MHz, CDCl3) spectrum of (R)-6b 
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Figure S85. 19F NMR (565 MHz, CDCl3) spectrum of (R)-6b 
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Figure S86. 1H NMR (600 MHz, CDCl3) spectrum of (R)-7b 

 

 

Figure S87. 13C NMR (151 MHz, CDCl3) spectrum of (R)-7b 
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Figure S88. 19F NMR (565 MHz, CDCl3) spectrum of (R)-7b 
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Figure S89. 1H NMR (600 MHz, CDCl3) spectrum of (R)-8b 

 

 

Figure S90. 13C NMR (151 MHz, CDCl3) spectrum of (R)-8b 
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Figure S91. 1H NMR (600 MHz, CDCl3) spectrum of (R)-9b 

 

 

Figure S92. 13C NMR (151 MHz, CDCl3) spectrum of (R)-9b 
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Figure S93. 1H NMR (600 MHz, CDCl3) spectrum of (R)-10b 

 

 

Figure S94. 13C NMR (151 MHz, CDCl3) spectrum of (R)-10b 
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Figure S95. 1H NMR (600 MHz, CDCl3) spectrum of (R)-11b 

 

Figure S96. 13C NMR (151 MHz, CDCl3) spectrum of (R)-11b 
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Figure S97. 1H NMR (600 MHz, CDCl3) spectrum of (R)-12b 

 

 

Figure S98. 13C NMR (151 MHz, CDCl3) spectrum of (R)-12b 
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Figure S99. 1H NMR (600 MHz, CDCl3) spectrum of (R)-13b 

 

 

Figure S100. 13C NMR (151 MHz, CDCl3) spectrum of (R)-13b 
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Figure S101. 1H NMR (600 MHz, CDCl3) spectrum of (R)-14b 

 

Figure S102. 13C NMR (151 MHz, CDCl3) spectrum of (R)-14b 
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Figure S103. 1H NMR (600 MHz, CDCl3) spectrum of (R)-15b 

 

 

Figure S104. 13C NMR (151 MHz, CDCl3) spectrum of (R)-15b 
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Figure S105. 1H NMR (600 MHz, CDCl3) spectrum of (R)-16b 

 

 

Figure S106. 13C NMR (151 MHz, CDCl3) spectrum of (R)-16b 
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Figure S107. 1H NMR (600 MHz, CDCl3) spectrum of (R)-17b 

 

 

Figure S108. 13C NMR (151 MHz, CDCl3) spectrum of (R)-17b 
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Figure S109. 19F NMR (565 MHz, CDCl3) spectrum of (R)-17b 
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Figure S110. 1H NMR (600 MHz, CDCl3) spectrum of (R)-18b 

 

 

Figure S111. 13C NMR (151 MHz, CDCl3) spectrum of (R)-18b 
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Figure S112. 1H NMR (600 MHz, CDCl3) spectrum of (R)-19b  

 

 

Figure S113. 13C NMR (151 MHz, CDCl3) spectrum of (R)-19b 
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Figure S114. 1H NMR (600 MHz, CDCl3) spectrum of (R)-20b 

 

 

Figure S115. 13C NMR (151 MHz, CDCl3) spectrum of (R)-20b 
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Figure S116. 1H NMR (600 MHz, CDCl3) spectrum of (R)-21b 

 

 

Figure S117. 13C NMR (151 MHz, CDCl3) spectrum of (R)-21b 
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Figure S118. 1H NMR (600 MHz, CDCl3) spectrum of (R)-22b 

 

 

Figure S119. 13C NMR (151 MHz, CDCl3) spectrum of (R)-22b 
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Figure S120. 1H NMR (600 MHz, CDCl3) spectrum of (R)-23b 

 

 

Figure S121. 13C NMR (151 MHz, CDCl3) spectrum of (R)-23b 
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Figure S122. 1H NMR (600 MHz, CDCl3) spectrum of (R)-24b 

 

 

Figure S123. 13C NMR (151 MHz, CDCl3) spectrum of (R)-24b 
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Figure S124. 1H NMR (600 MHz, CDCl3) spectrum of (R)-25b 

 

 

Figure S125. 13C NMR (151 MHz, CDCl3) spectrum of (R)-25b 
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Figure S126. 1H NMR (600 MHz, CDCl3) spectrum of (R)-26b 

 

 

Figure S127. 13C NMR (151 MHz, CDCl3) spectrum of (R)-26b 
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Figure S128. 1H NMR (600 MHz, CDCl3) spectrum of (R)-27b 

 

 

Figure S129. 13C NMR (151 MHz, CDCl3) spectrum of (R)-27b 
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Figure S130. 1H NMR (600 MHz, CDCl3) spectrum of (R)-28b 

 

 

Figure S131. 13C NMR (151 MHz, CDCl3) spectrum of (R)-28b 
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Figure S132 1H NMR (600 MHz, CDCl3) spectrum of (R)-29b 

 

 

Figure S133. 13C NMR (151 MHz, CDCl3) spectrum of (R)-29b 
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Figure S134. 1H NMR (600 MHz, CDCl3) spectrum of (R)-30b 

 

 

Figure S135. 13C NMR (151 MHz, CDCl3) spectrum of (R)-30b 
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Figure S136. 1H NMR (600 MHz, CDCl3) spectrum of (R)-31b 

 

 

Figure S137. 13C NMR (151 MHz, CDCl3) spectrum of (R)-31b 
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Figure S138. 1H NMR (600 MHz, CDCl3) spectrum of (R)-32b 

 

 

Figure S139. 13C NMR (151 MHz, CDCl3) spectrum of (R)-32b 

 



 

128 

 

Figure S140. 19F NMR (565 MHz, CDCl3) spectrum of (R)-32b 
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Figure S141. 1H NMR (600 MHz, CDCl3) spectrum of (R)-33b 

 

 

Figure S142. 13C NMR (151 MHz, CDCl3) spectrum of (R)-33b 
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Figure S143. 1H NMR (600 MHz, CDCl3) spectrum of (R)-34b 

 

 

Figure S144. 13C NMR (151 MHz, CDCl3) spectrum of (R)-34b 
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Figure S145. 1H NMR (600 MHz, CDCl3) spectrum of (R)-10c 

 

 

Figure S146. 13C NMR (151 MHz, CDCl3) spectrum of (R)-10c 
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Figure S147. 1H NMR (600 MHz, CDCl3) spectrum of (R)-10d 

 

 

Figure S148. 13C NMR (151 MHz, CDCl3) spectrum of (R)-10d 
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Figure S149. 1H NMR (600 MHz, CDCl3) spectrum of (R)-10e 

 

 

Figure S150. 13C NMR (151 MHz, CDCl3) spectrum of (R)-10e 
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Figure S151. 19F NMR (565 MHz, CDCl3) spectrum of (R)-10e 
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Figure S152. 1H NMR (600 MHz, CDCl3) spectrum of (R)-1b’ 

  

 

Figure S153. 13C NMR (151 MHz, CDCl3) spectrum of (R)-1b’ 
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Figure S154. 1H NMR (600 MHz, CDCl3) spectrum of (R)-2c 

 

 

Figure S155. 13C NMR (151 MHz, CDCl3) spectrum of (R)-2c 
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5. Copies of HPLC Chromatograms  

Figure S156. HPLC spectra of (R)-1b 

1b (The top one is racemic, and the bottom one is chiral) 
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Figure S157. HPLC spectra of (R)-2b 

2b (The top one is racemic, and the bottom one is chiral) 
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Figure S158. HPLC spectra of (R)-3b 

3b (The top one is racemic, and the bottom one is chiral) 
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Figure S159. HPLC spectra of (R)-4b 

4b (The top one is racemic, and the bottom one is chiral) 
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Figure S160. HPLC spectra of (R)-5b 

5b (The top one is racemic, and the bottom one is chiral) 
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Figure S161. HPLC spectra of (R)-6b 

6b (The top one is racemic, and the bottom one is chiral) 
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Figure S162. HPLC Analysis of (R)-7b 

7b (The top one is racemic, and the bottom one is chiral) 

、 
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Figure S163. HPLC Analysis of (R)-8b 

8b (The top one is racemic, and the bottom one is chiral) 
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Figure S164. HPLC Analysis of (R)-9b 

9b (The top one is racemic, and the bottom one is chiral) 
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Figure S165. HPLC Analysis of (R)-10b 

10b (The top one is racemic, and the bottom one is chiral) 
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Figure S166. HPLC Analysis of (R)-11b 

11b (The top one is racemic, and the bottom one is chiral) 
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Figure S167. HPLC Analysis of (R)-12b 

12b (The top one is racemic, and the bottom one is chiral) 
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Figure S168. HPLC Analysis of (R)-13b 

13b (The top one is racemic, and the bottom one is chiral) 
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Figure S169. HPLC Analysis of (R)-14b 

14b (The top one is racemic, and the bottom one is chiral) 
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Figure S170. HPLC Analysis of (R)-15b 

15b (The top one is racemic, and the bottom one is chiral) 
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Figure S171. HPLC Analysis of (R)-16b 

16b (The top one is racemic, and the bottom one is chiral) 
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Figure S172. HPLC Analysis of (R)-17b 

17b (The top one is racemic, and the bottom one is chiral) 
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Figure S173. HPLC Analysis of (R)-18b 

18b (The top one is racemic, and the bottom one is chiral) 
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Figure S174. HPLC Analysis of (R)-19b 

19b (The top one is racemic, and the bottom one is chiral) 
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Figure S175. HPLC Analysis of (R)-20b 

20b (The top one is racemic, and the bottom one is chiral) 
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Figure S176. HPLC Analysis of (R)-21b 

21b (The top one is racemic, and the bottom one is chiral) 
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Figure S177. HPLC Analysis of (R)-22b 

22b (The top one is racemic, and the bottom one is chiral) 
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Figure S178. HPLC Analysis of (R)-23b 

23b (The top one is racemic, and the bottom one is chiral) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

160 

 

Figure S179. HPLC Analysis of (R)-24b 

24b (The top one is racemic, and the bottom one is chiral) 
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Figure S180. HPLC Analysis of (R)-25b 

25b (The top one is racemic, and the bottom one is chiral) 
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Figure S181. HPLC Analysis of (R)-26b 

26b (The top one is racemic, and the bottom one is chiral) 
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Figure S182. HPLC Analysis of (R)-27b 

27b (The top one is racemic, and the bottom one is chiral) 
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Figure S183. HPLC Analysis of (R)-28b 

28b (The top one is racemic, and the bottom one is chiral) 
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Figure S184. HPLC Analysis of (R)-29b 

29b (The top one is racemic, and the bottom one is chiral) 
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Figure S185. HPLC Analysis of (R)-30b 

30b (The top one is racemic, and the bottom one is chiral) 
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Figure S186. HPLC Analysis of (R)-31b 

31b (The top one is racemic, and the bottom one is chiral) 
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Figure S187. HPLC Analysis of (R)-32b 

32b (The top one is racemic, and the bottom one is chiral) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

169 

 

Figure S188. HPLC Analysis of (R)-33b 

33b (The top one is racemic, and the bottom one is chiral) 
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Figure S189. HPLC Analysis of (R)-34b 

34b (The top one is racemic, and the bottom one is chiral) 
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Figure S190. HPLC Analysis of (R)-10c 

10c (The top one is racemic, and the bottom one is chiral) 
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Figure S191. HPLC Analysis of (R)-10d 

10d (The top one is racemic, and the bottom one is chiral) 
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Figure S192. HPLC Analysis of (R)-10e 

10e (The top one is racemic, and the bottom one is chiral) 
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Figure S193. HPLC Analysis of (R)-1b’ 

1b’ (The top one is racemic, and the bottom one is chiral) 
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Figure S194. HPLC Analysis of (R)-2c 

2c (The top one is racemic, and the bottom one is chiral) 
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6. X-ray Crystallogaphic Data  

Figure S195. X-Ray Crystallographic Data for Compound (R)-3b 

 

Structure factors have been supplied for datablock(s) (CCDC: 2495915) 

Bond precision:             C-C = 0.0023 A                    Wavelength=1.54184  

Cell:                      a=8.42816(5)         b=11.09278(9)     c=22.92566(15)  

alpha=90           beta=90               gamma=90  

Temperature:                294 K  

Calculated                          Reported  

Volume                    2143.36(3)                          2143.36(3)  

Space group                P 21 21 21                           P 21 21 21  

Hall group                  P 2ac 2ab                           P 2ac 2ab  

Moiety formula              C26 H26 N2 O                      C26 H26 N2 O  

Sum formula                C26 H26 N2 O                      C26 H26 N2 O  

Mr                         382.49                             382.49  

Dx,g cm-3                   1.185                              1.185  

Z                            4                                  4  

Mu (mm-1)                   0.561                               0.561  

F000                        816.0                               816.0  

F000’                       818.20  
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h,k,lmax                     10,13,28                            10,13,28  

Nref                        4492[ 2567]                          4394  

Tmin,Tmax                  0.979,0.984                         0.624,1.000  

Tmin’                        0.975  

Correction method= # Reported T Limits: Tmin=0.624 Tmax=1.000  

AbsCorr = MULTI-SCAN  

Data completeness= 1.71/0.98                      Theta(max)= 76.210 

R(reflections)= 0.0370( 4250)                      wR2(reflections)= 0.1028( 4394) 

S = 1.017                                       Npar= 264 


