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1. General experimental information 

Chemical reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by thin-layer chromatography (TLC). 1H NMR 

(400 MHz) and 13C NMR (101 MHz) spectra were recorded in DMSO-d6. 1H NMR chemical shifts 

are reported in ppm relative to tetramethylsilane (TMS), with the solvent resonance employed as 

the internal standard (DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, 

multiplicity (s = singlet, brs = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 

coupling constants (Hz) and integration. 13C NMR chemical shifts are reported in ppm from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard (DMSO-d6 at 39.51 

ppm). Melting points were recorded on a Büchi Melting Point B-545 unit. The HRMS were recorded 

by The HRMS were recorded by Agilent 6545 LC/Q-TOF mass spectrometer. 

2. General experimental procedures for synthesis of alkenyl carbamate 1   

 

2-(Iodomethyl)-prop-2-en-1-o (S2) [1,2]. 

 

To a stirring solution of 2-methylenepropane-1,3-diol (5.7 g, 65 mmol), triphenylphosphine 

(18.6 g, 71 mmol) and imidazole (4.8 g, 71 mmol) in a 1:1 mixture of dichloromethane/ethyl acetate 

(100 mL) at 0 ℃ was added iodine (16.4 g, 65 mmol) portion-wise during 1 h. The reaction mixture 

was left to stir for 9 h at 0 ℃ before being diluted in ethyl acetate (50 mL) followed by washing 

with water (100 mL). The aqueous layer was extracted with ethyl acetate (25 × 3 mL) and the organic 

layers combined, dried over anhydrous Na2SO4 and concentrated to yield crude material which was 

purified by flash column chromatography on silica gel (20% ethyl acetate in petroleum ether) to 

furnish the product S2 as a colorless oil. 

5-methylene-3-tosyl-1,3-oxazinan-2-one (1a) 

 

To a solution of S2 (5.0 g, 25 mmol) in DMF (80 mL) was added chloramine-T (8.6 g, 37 

mmol). And the reaction mixture was stirred for 30 minutes at room temperature. Then the reaction 

was quenched by aq. Na2S2O3 (1 M, 100 mL). The mixture was extracted with ethyl acetate and the 
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organic layer was washed with water, dried over anhydrous Na2SO4. After evaporation of solvent, 

the obtained crude product S3 is proceeded directly to the next step without purification. 

A solution of triphosgene (7.4 g, 25 mmol) in CH2Cl2 (100 mL) was slowly added to a solution 

of N-(2-(hydroxymethyl)allyl)-4-methylbenzenesulfonamide S3 (4.6 g, 25 mmol) and triethylamine 

(35 mL, 250 mmol, 10 equiv) in CH2Cl2 (100 mL) at 0 °C over 30 min. The resulting mixture was 

stirred for 1 h. After completion of the reaction, as indicated by TLC, the reaction was quenched 

with aq. NH4Cl and extracted with CH2Cl2 (80 mL × 3). The organic layer was dried over Na2SO4, 

filtered, and concentrated under vacuum. The residue was chromatographed on silica gel with 

(PE/EA/DCM = 1:1:1) and the crude product thus obtained was purified by the recrystallization to 

afford compound 1a as a white solid. 

5-methylene-3-tosyl-1,3-oxazinan-2-one (1a): White solid;  

1H NMR (600 MHz, CDCl3) δ 8.08 – 7.78 (m, 2H), 7.33 (d, J = 8.1 Hz, 2H), 5.35 – 5.29 (m, 1H), 

5.30-5.25 (m, 1H), 4.66 (s, 2H), 4.50 (t, J = 1.6 Hz, 2H), 2.43 (s, 3H). 

 

5-methylene-3-((4-nitrophenyl)sulfonyl)-1,3-oxazinan-2-one) (1b) [1,2] 

 

In a reaction tube equipped with a magnetic stirring bar, the solution of S2 (2.0 g, 10 mmol) in 

MeCN (40 mL) was at 80 ℃, followed by addition of K2CO3 (2.8 g, 20 mmol, 2.0 equiv) and NsNH2 

(2.0 g, 10 mmol, 1.0 equiv). The resulting mixture was stirred for 1 h, filtered, and thus the filtrate 

obtained was concentrated in vacuo. Then the residue was purified by column chromatography 

(PE/EA/CH2Cl2 = 1:1:1) to afford the compound S4 as a white solid (1.2 g, 44% yield). 

A solution of triphosgene (445 mg, 1.5 mmol, 1.5 equiv) in CH2Cl2 (10 mL) was slowly added 

to a solution of N-(2-(hydroxymethyl)allyl)-4-nitrobenzenesulfonamide S4 (272 mg, 1.0 mmol) and 

triethylamine (1.4 mL, 10 mmol, 10 equiv) in CH2Cl2 (10 mL) at 0 °C over 30 min. The resulting 

mixture was stirred for 30 min. After completion of the reaction, as indicated by TLC. The reaction 

was quenched with aq. NH4Cl and extracted with CH2Cl2 (30 mL × 3). The organic layer was dried 

over anhydrous Na2SO4, filtered, and concentrated under vacuum. The residue was 

chromatographed on silica gel with (PE/EA = 1:3) and the crude product thus obtained was purified 

by the recrystallization to afford compound 1b as a white solid. 

5-methylene-3-((4-nitrophenyl)sulfonyl)-1,3-oxazinan-2-one (1b): White solid;  

1H NMR (600 MHz, CDCl3) δ 8.42 – 8.34 (m, 2H), 8.32 – 8.19 (m, 2H), 5.39 (t, J = 1.6 Hz, 1H), 

5.37 – 5.33 (m, 1H), 4.72 (t, J = 0.9 Hz, 2H), 4.55 (t, J = 1.6 Hz, 2H). 

 

3-((λ1-methyl)(λ1-oxidaneyl)boraneyl)-5-methylene-1,3-oxazinan-2-one) ) (1c) [1] 

 

A solution of S2 (5 g, 25 mmol, 1.0 equiv) in dry toluene (20 mL) was added AgOCN (5.7 g, 

11 mmol, 1.5 equiv). the resulting mixture was refluxed in toluene (50 mL) for 14 h. Then, the 

mixture was filtered and the precipitate was washed with ethyl acetate, and concentrated in vacuo. 
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The product was obtained after purification by column chromatography on silica gel (PE/EA = 1:1) 

to provide S5 as a white solid. 

A solution of S5 (452 mg, 4 mmol) in THF (10 mL), DMAP (0.98 g, 0.8 mmol) was added, 

followed by adding dropwise the solution of di(tert-butyl) carbonate (1.74 g, 8 mmol) at 0 ℃. After 

completion of the reaction, as indicated by TLC, the reaction was quenched with aq. NH4Cl and 

extracted with ethyl acetate (20 mL × 2). The organic layer was dried over anhydrous Na2SO4, 

filtered, and concentrated under vacuum. The residue was chromatographed on silica gel with 

petroleum ether / ethyl acetate = 5/1 to afford compound 1c as a yellow oil. 

3-((λ1-methyl)(λ1-oxidaneyl)boraneyl)-5-methylene-1,3-oxazinan-2-one) ) (1c): White solid; 

1H NMR (400 MHz, CDCl3) δ 5.18 (d, J = 6.1 Hz, 2H), 4.63 (s, 2H), 4.28 (s, 2H), 1.51 (s, 9H). 

3-benzoyl-5-methylene-1,3-oxazinan-2-one (1d) [1] 

 

A solution of S5 (452 mg, 4 mmol) in DCM (10 mL), DMAP (0.12 g, 1.0 mmol) was added, 

followed by adding dropwise the solution of triethylamine (1.1 mL, 8 mmol) at 0 ℃, After 

completion of the reaction, as indicated by TLC, the reaction mixture was quenched with HCl (1M, 

30 mL), concentrated under reduced pressure, diluted with water, and extracted with DCM (15 mL 

× 3). The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 

under vacuo. The product was obtained after purification by column chromatography on silica gel 

(PE/EA = 2:1) to give the desired product 1d as a white solid. Compound 1e was prepared by the 

same method. 

3-benzoyl-5-methylene-1,3-oxazinan-2-one (1d): White solid; 

1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.7 Hz, 2H), 7.53 –7.50 (m, 1H), 7.46 –7.38 (m, 2H), 

5.35 – 5.27 (m, 2H), 4.84 (s, 2H), 4.50 (d, J = 2.1 Hz, 2H). 

5-methylene-3-(phenylsulfonyl)-1,3-oxazinan-2-one (1e): White solid;  

1H NMR (400 MHz, CDCl3) δ 8.16-7.96 (m, 2H), 7.70 – 7.62 (m, 1H), 7.62 – 7.50 (m, 2H), 5.32 

(d, J = 1.8 Hz, 1H), 5.30 – 5.25 (m, 1H), 4.67 (s, 2H), 4.52 (t, J = 1.7 Hz, 2H); 

tert-butyl (2-(((4-methylphenyl)sulfonamido)methyl)allyl) carbonate (1f) )[1,2] 

 

To a solution of S1 (4.0 g, 45 mmol) in DCM (40 mL) was added DMAP (0.6 g, 5 mmol), 

followed by adding dropwise the solution of di(tert-butyl) carbonate (11.4 mL, 49.5 mmol) in 

CH2Cl2 (50 mL) at 0 ℃. After completion of the reaction, as indicated by TLC, the solution was 

concentrated under reduced pressure and the mixture was dissolved in MeCN (50 mL) followed by 

adding CBr4 (15.7 g) at room temperature. Then the mixture was added PPh3 in partially. After 

completion monitored by TLC, the reaction was concentrated in vacuo and purified by column 

chromatography (PE/EA = 100:1) to afford the product S7. 

The solution of S7 (5 mmol, 1.25 g) in CH3CN (20.0 mL) was heated with oil bath and refluxed 
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at 82 ℃, followed by addition of K2CO3 (1.4 g, 10 mmol, 2.0 equiv), KI (10 mg) and TsNH2 (1.7 g, 

10.0 mmol). Maintaining the reaction stirring at the same temperature until S7 consumed as 

monitored by TLC. Then, the suspension was filtered through a short of celite column and the filtrate 

was concentrated, purified by column chromatography (PE/EA = 5:1) to afford the product 1f as a 

white solid.  

tert-butyl (2-(((4-methylphenyl)sulfonamido)methyl)allyl) carbonate (1f): White solid;  

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 5.16 (s, 2H), 4.86 

(t, J = 6.5 Hz, 1H), 4.45 (s, 2H), 3.60 (d, J = 6.5 Hz, 2H), 2.42 (s, 3H), 1.46 (s, 9H). 

2-(benzamidomethyl)allyl tert-butyl carbonate (1g) 

 

To a stirring solution of S7 (2.0 g, 8 mmol, 1.0 equiv) was dissolved in dry DMF (40 mL), 

NaN3 (1.0 g, 16.0 mmol, 2.0 equiv) was added dropwise for 10 min at 0 °C. The reaction was heated 

at 50 ℃ for 12h. After completion of the reaction (confirmed by TLC analysis), a precipitate mixture 

formed upon cooling the reaction mixture to room temperature, then quenched by water. The 

aqueous phase was extracted by ethyl acetate (20 mL × 3), and the combined extracts washed with 

brine. The organic phase was dried over anhydrous Na2SO4 and evaporated in vacuo. The obtained 

crude product S8 is proceeded directly to the next step without purification. 

To a solution of S8 (0.7 g, 3.4 mmol) in THF (20 mL) was heated with oil bath and added PPh3 

(2.52 g, 9.6 mmol) in partially at 50 ℃ for 5 h. The solution was cooled to room temperature and 

added H2O (1 mL). Maintaining the reaction stirring at 3 hours until S8 consumed as monitored by 

TLC. The solvent was concentrated under reduced pressure. The DCM (40 mL), DMAP (0.6 g, 5 

mmol) was added, followed by adding dropwise the solution of benzoyl chloride (0.3 mL, 2.7 mmol) 

in CH2Cl2 (5 mL) at 0 ℃. After completion of the reaction, as indicated by TLC, the solution was 

concentrated under reduced pressure and the residue was purified by flash chromatography on silica 

gel (PE/EA = 10:1 to 5:1) to give the desired product 1g as colorless oil. Compound 1h was prepared 

by the same method. 

2-(benzamidomethyl)allyl tert-butyl carbonate (1g): White solid; 

1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.5 Hz, 2H), 7.65 – 7.31 (m, 3H), 6.61 (d, J = 6.3 Hz, 

1H), 5.28 (s, 2H), 4.63 (s, 2H), 4.14 (d, J = 5.7 Hz, 2H), 1.49 (s, 9H). 

tert-butyl (2-(((tert-butoxycarbonyl)oxy)methyl)allyl)carbamate (1h) 

1H NMR (400 MHz, CDCl3) δ 5.17 (d, J = 11.3 Hz, 2H), 4.77 (s, 1H), 4.56 (s, 2H), 3.78 (d, J = 

5.1 Hz, 2H), 1.49 (s, 9H), 1.45 (s, 9H). 

3. General experimental procedures synthesis of α-substituted cyanoacetates 2 

The benzaldehyde are known compounds, which were prepared according to literature 2a-2p 

(2a as the example)[3,4]. 
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Step 1: 

To a stirring solution of benzaldehyde (2.0 mL, 20 mmol, 1.0 equiv), ethyl cyanoacetate (2.2 

mL, 21 mmol, 1.05 equiv) in ethanol (10 mL), was added the piperdine (0.1 mL, 1 mmol, 0.05 

equiv) dropwise at room temperature. The reaction mixture was stirred for 24 h at room 

temperature. Then, the mixture was filtered and the precipitate was washed with ethanol to 

afford pure product S10 as white solid. The obtained crude product S10 is proceeded directly to 

the next step without purification. 

 

Step 2: 

To a stirring solution of S10 (2.3 g, 11 mmol, 1.0 equiv) was dissolved in dry ethanol (15 

mL), sodium borohydrate (0.5 g, 13.2 mmol, 1.2 equiv) was slowly added dropwise for 10 min 

at 0 °C. After completion of the reaction, as indicated by TLC. The reaction was quenched with aq. 

NH4Cl and extracted with ethyl acetate. The organic layer was dried over anhydrous Na2SO4, 

filtered, and concentrated under vacuum. Then the residue was purified by column chromatography 

(PE/EA 10:1) to afford the compound 2a as a colorless oil. 

2a: 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.33 (m, 1H), 7.34 – 7.23 (m, 4H), 4.23 (q, J = 7.2 Hz, 

2H), 3.72 (dd, J = 8.4, 5.8 Hz, 1H), 3.28 (dd, J = 13.8, 5.8 Hz, 1H), 3.19 (dd, J = 13.8, 8.4 Hz, 1H), 

1.26 (t, J = 7.2 Hz, 3H). 

2b: 1H NMR (400 MHz, CDCl3) δ 7.43 – 7.38 (m, 1H), 7.36 – 7.32 (m, 1H), 7.28 – 7.25 (m, 2H), 

4.27 (qd, J = 7.2, 1.5 Hz, 2H), 3.91 (dd, J = 9.5, 6.3 Hz, 1H), 3.52 (dd, J = 13.8, 6.3 Hz, 1H), 3.21 

(dd, J = 13.8, 9.5 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H). 

2c: 1H NMR (400 MHz, CDCl3) δ 7.31 – 7.24 (m, 3H), 7.21 – 7.14 (m, 1H), 4.24 (qd, J = 7.1, 0.8 

Hz, 2H), 3.73 (dd, J = 8.3, 5.9 Hz, 1H), 3.29 – 3.11 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H). 
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2d: 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.28 (m, 2H), 7.24 – 7.19 (m, 2H), 4.23 (q, J = 7.1 Hz, 

2H), 3.71 (dd, J = 8.2, 5.8 Hz, 1H), 3.20 (qd, J = 13.9, 7.0 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H). 

2e: 1H NMR (400 MHz, CDCl3) δ 7.49 – 7.44 (m, 2H), 7.18 – 7.13 (m, 2H), 4.23 (q, J = 7.2 Hz, 

2H), 3.70 (dd, J = 8.2, 5.8 Hz, 1H), 3.19 (qd, J = 14.0, 7.0 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H). 

2f: 1H NMR (400 MHz, CDCl3) δ 8.21 – 8.13 (m, 2H), 7.66 (dt, J = 7.8, 1.4 Hz, 1H), 7.55 (t, J = 

7.9 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 3.81 (dd, J = 8.0, 5.9 Hz, 1H), 3.43 – 3.29 (m, 2H), 1.29 (t, J 

= 7.1 Hz, 3H). 

2g: 1H NMR (400 MHz, CDCl3) δ 7.25 (t, J = 7.9 Hz, 1H), 6.87 – 6.80 (m, 3H), 4.28 – 4.19 (m, 

2H), 3.80 (s, 3H), 3.72 (dd, J = 8.5, 5.8 Hz, 1H), 3.25 (dd, J = 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8, 

8.4 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H). 

2h: 1H NMR (400 MHz, CDCl3) δ 7.21 – 7.14 (m, 2H), 6.93 – 6.80 (m, 2H), 4.23 (q, J = 7.2 Hz, 

2H), 3.79 (s, 3H), 3.68 (dd, J = 8.2, 5.8 Hz, 1H), 3.21 (dd, J = 13.9, 5.8 Hz, 1H), 3.14 (dd, J = 13.9, 

8.2 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H). 

2i:1H NMR (400 MHz, CDCl3) δ 7.24 – 7.16 (m, 4H), 4.26 (qd, J = 7.2, 0.8 Hz, 2H), 3.68 (dd, J = 

9.4, 6.0 Hz, 1H), 3.34 (dd, J = 14.1, 6.0 Hz, 1H), 3.19 (dd, J = 14.1, 9.4 Hz, 1H), 2.37 (s, 3H), 1.29 

(t, J = 7.1 Hz, 3H). 

2j: 1H NMR (400 MHz, CDCl3) δ 7.23 (td, J = 7.4, 0.9 Hz, 1H), 7.13 – 7.04 (m, 3H), 4.24 (qd, J 

= 7.2, 0.7 Hz, 2H), 3.71 (dd, J = 8.5, 5.8 Hz, 1H), 3.24 (dd, J = 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8, 

8.5 Hz, 1H), 2.34 (d, J = 0.9 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H). 

2k: 1H NMR (400 MHz, CDCl3) δ 7.15 (d, J = 1.1 Hz, 4H), 4.24 (q, J = 7.1 Hz, 2H), 3.69 (dd, J = 

8.4, 5.8 Hz, 1H), 3.24 (dd, J = 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8, 8.4 Hz, 1H), 2.33 (s, 3H), 1.28 

(t, J = 7.1 Hz, 3H). 

2l: 1H NMR (400 MHz, CDCl3) δ 6.81 (dd, J = 9.9, 1.3 Hz, 3H), 4.23 (q, J = 7.2 Hz, 2H), 3.87 (d, 

J = 5.0 Hz, 6H), 3.69 (dd, J = 8.3, 5.7 Hz, 1H), 3.30 – 3.02 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H). 

2m: 1H NMR (400 MHz, CDCl3) δ 7.10 (d, J = 7.6 Hz, 1H), 7.05 – 6.98 (m, 2H), 4.25 (q, J = 7.1 

Hz, 2H), 3.70 (dd, J = 8.5, 5.8 Hz, 1H), 3.25 – 3.08 (m, 2H), 2.25 (d, J = 4.1 Hz, 6H), 1.29 (t, J = 

7.2 Hz, 3H). 

2n: 1H NMR (400 MHz, CDCl3) δ 7.23 (dd, J = 5.1, 1.3 Hz, 1H), 7.02 – 6.95 (m, 2H), 4.27 (q, J = 

7.1 Hz, 2H), 3.76 (dd, J = 7.4, 6.0 Hz, 1H), 3.50 – 3.45 (m, 2H), 1.30 (t, J = 7.2 Hz, 3H). 

2o: 1H NMR (400 MHz, CDCl3) δ δ 7.87 – 7.77 (m, 3H), 7.74 (s, 1H), 7.52 – 7.44 (m, 2H), 7.38 

(dd, J = 8.4, 1.8 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.81 (dd, J = 8.4, 5.9 Hz, 1H), 3.45 (dd, J = 13.9, 

5.9 Hz, 1H), 3.36 (dd, J = 13.9, 8.4 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H). 

2p: 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.28 (m, 2H), 7.27 – 7.18 (m, 3H), 4.24 (q, J = 7.1 Hz, 

2H), 3.44 (dd, J = 8.0, 6.5 Hz, 1H), 2.95 – 2.76 (m, 2H), 2.31 – 2.23 (m, 2H), 1.31 (t, J = 7.1 Hz, 

3H). 

2q: 1H NMR (400 MHz, CDCl3) δ 7.54 – 7.34 (m, 5H), 4.72 (s, 1H), 4.29 – 4.17 (m, 2H), 1.28 (t, 

J = 7.1 Hz, 3H). 
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4. General experimental procedures for asymmetric synthesis of compounds 3  

 

To a flame-dried reaction tube was added Pd2(dba)3·CHCl3 (2.6 mg, 2.5 mol%), L3 (4.5 mg, 7.5 

mol%), 1a (26.7 mg, 0.1 mmol) and 2a (24.3 mg, 0.12 mmol) respectively. Then replaced argon 

three times quickly, and the reaction mixture was cooled to -30 ºC followed by adding butanone (1.0 

mL) for stirring 15 h. After completion of the reaction, as indicated by TLC, then the residue was 

purified by column chromatography (PE/EA 3:1) to afford the compound 3a as a colorless oil  

 

ethyl (R)-2-benzyl-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate (3a) 

 

The product 3a was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 47.7 mg, 99% yield; 93% ee; [α]D
20 = +12.7 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 30/70, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 19.2 min, tminor = 21.7 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.36 – 7.28 (m, 5H), 7.25 (q, J = 4.6, 3.7 

Hz, 2H), 5.19 (s, 1H), 5.11 (s, 1H), 4.82 (t, J = 6.6 Hz, 1H), 4.08 (q, J = 7.1 Hz, 2H), 3.65 (dd, J = 

15.3, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H), 3.17 (d, J = 13.4 Hz, 1H), 3.03 (d, J = 13.4 Hz, 

1H), 2.77 (d, J = 14.7 Hz, 1H), 2.54 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.3, 143.7, 138.7, 136.8, 133.7, 130.0, 129.9, 128.7, 128.1, 127.3, 

119.0, 118.3, 63.1, 50.8, 48.3, 44.0, 40.2, 21.7, 13.9; 

HRMS (ESI-TOF) calcd. for C23H27N2O4S [M + H]+ 427.1686; found: 427.1696. 

 

ethyl (R)-2-benzyl-4-(((4-bromophenyl)sulfonamido)methyl)-2-cyanopent-4-enoate (3b) 

 

The product 3b was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 41.4 mg, 99% yield; 93% ee; [α]D
20 = +14.2 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 29.6 min, tminor = 32.5 min); 

1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.7 Hz, 2H), 7.54 – 7.48 (m, 1H), 7.48 – 7.40 (m, 2H), 

7.24 (d, J = 5.6 Hz, 3H), 7.17 (d, J = 7.8 Hz, 2H), 5.12 (s, 1H), 5.03 (s, 1H), 4.88 (t, J = 6.5 Hz, 1H), 

4.00 (q, J = 7.0 Hz, 2H), 3.60 (dd, J = 15.3, 6.0 Hz, 1H), 3.50 (dd, J = 15.3, 4.8 Hz, 1H), 3.09 (d, J 

= 13.4 Hz, 1H), 2.96 (d, J = 13.4 Hz, 1H), 2.68 (d, J = 14.7 Hz, 1H), 2.46 (d, J = 14.7 Hz, 1H), 1.03 

(t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.3, 139.9, 138.7, 133.7, 132.9, 130.0, 129.3, 128.7, 128.1, 127.2, 

119.0, 118.4, 63.1, 50.8, 48.2, 44.0, 40.2, 13.9; 
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HRMS (ESI-TOF) calcd. for C22H25N2O4S [M + H]+ 413.1530; found: 413.1537. 

 

ethyl (R)-2-benzyl-2-cyano-4-(((4-nitrophenyl)sulfonamido)methyl)pent-4-enoate (3c) 

 

The product 3c was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 44.7 mg, 98% yield; 91% ee; [α]D
20 = +4.0 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IB EtOH/hexane = 10/90, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 21.5 min, tmajor = 22.9 min); 

1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 5.1 

Hz, 3H), 7.19 – 7.12 (m, 2H), 5.13 (s, 1H), 5.08 (t, J = 6.7 Hz, 1H), 5.05 (s, 1H), 4.03 (q, J = 7.2 

Hz, 2H), 3.69 (dd, J = 15.7, 6.7 Hz, 1H), 3.58 (dd, J = 15.6, 5.7 Hz, 1H), 3.11 (d, J = 13.4 Hz, 1H), 

2.98 (d, J = 13.3 Hz, 1H), 2.69 (d, J = 14.5 Hz, 1H), 2.44 (d, J = 14.5 Hz, 1H), 1.05 (t, J = 7.2 Hz, 

3H); 
13C NMR (101 MHz, CDCl3) δ 168.2, 150.2, 145.9, 138.3, 133.5, 130.0, 128.8, 128.5, 128.3, 124.6, 

119.0, 118.9, 63.2, 50.8, 48.1, 44.0, 40.1, 14.0; 

HRMS (ESI-TOF) calcd. for C22H24N3O6S [M + H]+ 458.1380; found: 458.1381. 

 

ethyl (R)-4-(benzamidomethyl)-2-benzyl-2-cyanopent-4-enoate (3d) 

 

The product 3d was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 31.4 mg, 84% yield; 89% ee; [α]D
20 = +12.3 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IB EtOH/hexane = 7/93, flow rate 0.8 mL/min, 

 λ = 254 nm, tminor = 15.6 min, tmajor = 16.7 min); 

1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.6 Hz, 2H), 7.47 – 7.40 (m, 1H), 7.40 – 7.32 (m, 2H), 

7.22 (d, J = 6.0 Hz, 5H), 6.52 (t, J = 6.0 Hz, 1H), 5.19 (s, 1H), 5.10 (s, 1H), 4.07 (dq, J = 14.3, 7.1, 

6.6 Hz, 3H), 3.98 (dd, J = 15.9, 5.7 Hz, 1H), 3.15 (d, J = 13.4 Hz, 1H), 3.03 (d, J = 13.4 Hz, 1H), 

2.82 (d, J = 14.6 Hz, 1H), 2.55 (d, J = 14.6 Hz, 1H), 1.05 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.4, 167.4, 139.8, 134.2, 133.7, 131.7, 130.1, 128.7, 128.6, 128.1, 

127.1, 119.3, 117.1, 63.1, 51.0, 44.8, 44.1, 40.9, 13.9; 

HRMS (ESI-TOF) calcd. for C23H25N2O3 [M + H]+ 377.1860; found: 377.1861. 

 

ethyl (R)-2-benzyl-4-(((tert-butoxycarbonyl)amino)methyl)-2-cyanopent-4-enoate (3e) 

 

The product 3e was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 34.8 mg, 94% yield; 82% ee; [α]D
20 = +15.7 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 9.2 min, tminor = 10.0 min); 
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1H NMR (400 MHz, CDCl3) δ 7.28 – 7.19 (m, 5H), 5.12 (s, 1H), 5.04 (s, 1H), 4.72 (s, 1H), 4.05 

(d, J = 6.8 Hz, 2H), 3.78 – 3.62 (m, 2H), 3.15 (d, J = 13.4 Hz, 1H), 3.02 (d, J = 13.4 Hz, 1H), 2.76 

(d, J = 14.6 Hz, 1H), 2.51 (d, J = 14.6 Hz, 1H), 1.38 (s, 9H), 1.06 (t, J = 7.1 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 168.4, 155.9, 140.4, 133.9, 130.1, 128.7, 128.1, 119.1, 116.1, 79.7, 

77.5, 77.2, 76.8, 63.0, 50.9, 45.5, 44.0, 40.8, 28.5, 14.0; 

HRMS (ESI-TOF) calcd. for C21H29N2O4 [M + H]+ 373.2122; found: 373.2122. 

 

ethyl (R)-2-(2-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate 

(3f) 

 

The product 3f was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 48.4 mg, 99% yield; 83% ee; [α]D
20 = +19.5 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 13.1 min, tmajor = 16.8 min); 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.9 Hz, 2H), 7.30 (dd, J = 15.8, 7.3 Hz, 4H), 7.23 – 7.12 

(m, 2H), 5.21 (s, 1H), 5.11 (s, 1H), 4.92 (t, J = 6.5 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.65 (dd, J = 

15.3, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.1 Hz, 1H), 3.15 (d, J = 13.4 Hz, 1H), 3.00 (d, J = 13.5 Hz, 

1H), 2.77 (d, J = 14.6 Hz, 1H), 2.57 (d, J = 14.6 Hz, 1H), 2.43 (s, 3H), 1.13 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.0, 143.7, 138.6, 136.8, 135.8, 134.4, 130.0 (2C), 129.9 (2C), 

128.4, 128.3, 127.3 (2C), 118.6, 118.5, 63.2, 50.7, 48.2, 43.4, 40.3, 21.6, 14.0; 

HRMS (ESI-TOF) calcd. for C23H26ClN2O4S [M + H]+ 463.1296; found: 463.1304. 

 

ethyl (R)-2-(3-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate 

(3g) 

 

The product 3g was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 48.6 mg, 99% yield; 91% ee; [α]D
20 = +11.3 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 15.2 min, tmajor = 22.6 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.44 – 7.34 (m, 2H), 7.30 (d, J = 7.9 Hz, 

2H), 7.25 (q, J = 4.1 Hz, 2H), 5.21 (s, 1H), 5.11 (s, 1H), 4.90 (t, J = 6.5 Hz, 1H), 4.17 (q, J = 7.2 

Hz, 2H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.55 (dd, J = 15.4, 6.2 Hz, 1H), 3.38 (d, J = 14.0 Hz, 1H), 

3.32 (d, J = 14.0 Hz, 1H), 2.84 (d, J = 14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 1.18 (t, 

J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.1, 143.6, 138.7, 136.9, 135.0, 131.9, 131.7, 130.0, 129.8, 129.5, 

127.2, 127.1, 118.6, 118.5, 63.4, 49.8, 48.2, 39.8, 39.7, 21.6, 13.9; 

HRMS (ESI-TOF) calcd. for C23H26ClN2O4S [M + H]+ 461.1296; found: 461.1305. 

 

ethyl (R)-2-(4-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate 

(3h) 
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The product 3h was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 38.7 mg, 84% yield; 92% ee; [α]D
20 = +17.2 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak AS-H, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 17.8 min, tmajor = 26.2 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.34 – 7.27 (m, 4H), 7.19 (d, J = 8.0 Hz, 

2H), 5.20 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.5 Hz, 1H), 4.14 – 4.04 (m, 2H), 3.65 (dd, J = 15.4, 6.9 

Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.15 (d, J = 13.5 Hz, 1H), 3.00 (d, J = 13.5 Hz, 1H), 2.76 

(d, J = 14.6 Hz, 1H), 2.56 (d, J = 14.7 Hz, 1H), 2.43 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.1, 143.8, 138.6, 136.8, 134.2, 132.3, 131.4, 129.9, 128.9, 127.3, 

118.8, 118.5, 63.2, 50.7, 48.2, 43.1, 40.2, 21.7, 14.0; 

HRMS (ESI-TOF) calcd. for C23H26ClN2O4S [M + H]+ 461.1296; found: 461.1301. 

 

ethyl (R)-2-(4-bromobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate 

(3i) 

 

The product 3i was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 45.2 mg, 89% yield; 92% ee; [α]D
20 = +30.4 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 15.7 min, tmajor = 21.5 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.8 Hz, 2H), 7.45 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 

Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 5.20 (s, 1H), 5.10 (s, 1H), 4.16 – 4.04 (m, 2H), 3.65 (dd, J = 15.4, 

7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.2 Hz, 1H), 3.14 (d, J = 13.5 Hz, 1H), 2.99 (d, J = 13.5 Hz, 1H), 

2.76 (d, J = 14.6 Hz, 1H), 2.56 (d, J = 14.7 Hz, 1H), 2.43 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.1, 143.7, 138.6, 136.7, 132.8, 131.9, 131.7, 129.9, 127.2, 122.4, 

118.8, 118.5, 63.2, 50.6, 48.2, 43.2, 40.2, 21.7, 14.0; 

HRMS (ESI-TOF) calcd. for C23H26BrN2O4S [M + H]+ 505.0791; found: 505.0797. 

 

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(3-nitrobenzyl)pent-4-enoate 

(3j) 

 

The product 3i was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 49.4 mg, 99% yield; 89% ee; [α]D
20 = +30.4 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 40/60, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 16.3 min, tmajor = 21.1 min); 

1H NMR (400 MHz, CDCl3) δ 8.23 – 8.14 (m, 1H), 8.09 (s, 1H), 7.75 (d, J = 8.2 Hz, 2H), 7.66 (d, 

J = 7.6 Hz, 1H), 7.57 – 7.50 (m, 1H), 7.32 (d, J = 7.9 Hz, 2H), 5.23 (s, 1H), 5.20 – 5.07 (m, 2H), 

4.20 – 4.08 (m, 2H), 3.67 (dd, J = 15.4, 6.8 Hz, 1H), 3.57 (dd, J = 15.4, 6.2 Hz, 1H), 3.33 (d, J = 
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13.7 Hz, 1H), 3.16 (d, J = 13.6 Hz, 1H), 2.82 (d, J = 14.6 Hz, 1H), 2.67 (d, J = 14.6 Hz, 1H), 2.42 

(s, 3H), 1.15 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 167.7, 148.3, 143.7, 138.4, 136.7, 136.3, 135.9, 129.8, 129.7, 127.2, 

124.8, 123.2, 118.7, 118.3, 63.4, 50.7, 48.2, 42.8, 40.2, 21.6, 13.9; 

HRMS (ESI-TOF) calcd. for C23H26N3O6S [M + H]+ 472.1537; found: 472.1544. 

 

ethyl (R)-2-cyano-2-(3-methoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3k) 

 

The product 3k was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 45.7 mg, 99% yield; 88% ee; [α]D
20 = +12.3 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 15.9 min, tmajor = 20.3 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.26 – 7.18 (m, 

1H), 6.88 – 6.77 (m, 3H), 5.19 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.6 Hz, 1H), 4.10 (q, J = 7.2 Hz, 

2H), 3.79 (s, 3H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H), 3.15 (d, J = 13.4 

Hz, 1H), 3.00 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.54 (d, J = 14.7 Hz, 1H), 2.43 (s, 

3H), 1.13 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.3, 159.7, 143.7, 138.8, 136.9, 135.1, 129.9, 129.7, 127.3, 122.3, 

119.0, 118.4, 115.6, 113.7, 63.1, 55.3, 50.8, 48.3, 44.0, 40.2, 21.6, 14.0; 

HRMS (ESI-TOF) calcd. for C24H29N2O5S [M + H]+ 457.1792; found: 457.1782. 

 

ethyl (R)-2-cyano-2-(4-methoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3l) 

 

The product 3l was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 46.5 mg, 99% yield; 88% ee; [α]D
20 = +13.9 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,  

λ = 220 nm, tminor = 16.1 min, tmajor = 20.9 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 8.2 

Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H), 5.18 (s, 1H), 5.10 (s, 1H), 4.74 (t, J = 6.5 Hz, 1H), 4.16 – 4.05 

(m, 2H), 3.79 (s, 3H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.13 (d, J = 

13.6 Hz, 1H), 2.97 (d, J = 13.6 Hz, 1H), 2.74 (d, J = 14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.43 

(s, 3H), 1.14 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.4, 159.5, 143.7, 138.8, 136.9, 131.2, 129.9, 127.3, 125.7, 119.1, 

118.3, 114.1, 63.0, 55.4, 51.1, 48.3, 43.3, 40.1, 21.7, 14.0; 

HRMS (ESI-TOF) calcd. for C24H29N2O5S [M + H]+ 457.1792; found: 457.1797. 

 

ethyl (R)-2-cyano-2-(2-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3m) 
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The product 3m was purified by flash column chromatography (ethyl acetate /petroleum ether = 

3:1); 

Colorless oil; 42.2 mg, 96% yield; 92% ee; [α]D
20 = +139 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 32.9 min, tminor = 36.4 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 7.23 – 7.11 (m, 

4H), 5.20 (s, 1H), 5.11 (s, 1H), 4.85 (t, J = 6.5 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.66 (dd, J = 15.3, 

7.0 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.22 (d, J = 14.0 Hz, 1H), 3.16 (d, J = 14.0 Hz, 1H), 

2.82 (d, J = 14.6 Hz, 1H), 2.58 (d, J = 14.6 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H), 1.13 (t, J = 7.1 Hz, 

3H); 
13C NMR (101 MHz, CDCl3) δ 168.7, 143.7, 138.8, 137.3, 136.9, 132.3, 131.1, 130.2, 129.9, 128.1, 

127.3, 126.2, 119.2, 118.4, 63.1, 50.1, 48.3, 40.4, 40.1, 21.6, 20.0, 13.9; 

HRMS (ESI-TOF) calcd. for C24H29N2O4S [M + H]+ 441.1843; found: 441.1847. 

 

ethyl (R)-2-cyano-2-(3-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3n) 

 

The product 3n was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 42.9 mg, 97% yield; 91% ee; [α]D
20 = +11.4 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 34.1 min, tminor = 40.0 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.23 – 7.17 (m, 

1H), 7.11 (d, J = 7.7 Hz, 1H), 7.04 (d, J = 6.5 Hz, 2H), 5.19 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.6 

Hz, 1H), 4.09 (q, J = 7.2 Hz, 2H), 3.64 (dd, J = 15.3, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H), 

3.13 (d, J = 13.4 Hz, 1H), 2.99 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.53 (d, J = 14.7 Hz, 

1H), 2.42 (s, 3H), 2.33 (s, 3H), 1.15 – 1.08 (m, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.3, 143.7, 138.8, 138.3, 136.9, 133.6, 130.7, 129.9, 128.8, 128.6, 

127.3, 127.0, 119.0, 118.3, 63.0, 50.8, 48.3, 44.0, 40.2, 21.6, 21.4, 13.9; 

HRMS (ESI-TOF) calcd. for C24H29N2O4S [M + H]+ 441.1843; found: 441.1850. 

 

ethyl (R)-2-cyano-2-(4-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3o) 

 

The product 3o was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 40.4 mg, 92% yield; 91 % ee; [α]D
20 = +2.0 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 15/85, flow rate 1.0 mL/min, 

 λ = 254 nm, tminor = 16.7 min, tmajor = 20.0 min); 
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1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.8 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 7.12 (s, 4H), 5.18 

(s, 1H), 5.09 (s, 1H), 4.89 (t, J = 6.6 Hz, 1H), 4.14 – 4.04 (m, 2H), 3.63 (dd, J = 15.4, 7.0 Hz, 1H), 

3.53 (dd, J = 15.4, 6.1 Hz, 1H), 3.13 (d, J = 13.4 Hz, 1H), 2.98 (d, J = 13.5 Hz, 1H), 2.74 (d, J = 

14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 2.32 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.4, 143.7, 138.8, 137.8, 136.9, 130.6, 129.9, 129.8, 129.4, 127.3, 

119.0, 118.2, 63.0, 50.9, 48.2, 43.6, 40.1, 21.6, 21.2, 13.9; 

HRMS (ESI-TOF) calcd. for C24H29N2O4S [M + H]+ 441.1843; found: 441.1851. 

 

ethyl (R)-2-cyano-2-(3,4-dimethoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3p) 

 

The product 3p was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 43.4 mg, 89% yield; 89% ee; [α]D
20 = +2.0 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 30/70, flow rate 1.0 mL/min, 

 λ = 254 nm, tminor = 11.6 min, tmajor = 13.7 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.85 – 6.76 (m, 

3H), 5.19 (s, 1H), 5.10 (s, 1H), 5.02 – 4.90 (m, 1H), 4.18 – 4.03 (m, 2H), 3.86 (d, J = 2.3 Hz, 6H), 

3.64 (dd, J = 15.3, 6.8 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.14 (d, J = 13.6 Hz, 1H), 2.99 (d, 

J = 13.6 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.55 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 1.14 (t, J = 7.1 

Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 168.4, 148.8, 148.8, 143.6, 138.8, 136.9, 129.8, 127.2, 126.2, 122.3, 

119.2, 118.1, 113.1, 111.1, 63.0, 55.9, 55.8, 51.0, 48.2, 43.7, 40.1, 21.6, 14.0; 

HRMS (ESI-TOF) calcd. for C25H31N2O6S [M + H]+ 487.1897; found: 487.1902. 

 

ethyl (R)-2-cyano-2-(3,4-dimethylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-

enoate (3q) 

 

The product 3q was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 45.5 mg, 99% yield; 91% ee; [α]D
20 = +15.1 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak AS-H, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

λ = 220 nm, tminor = 13.3 min, tmajor = 15.4 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.07 (d, J = 7.6 

Hz, 1H), 7.01 – 6.94 (m, 2H), 5.18 (s, 1H), 5.10 (s, 1H), 4.82 (t, J = 6.5 Hz, 1H), 4.10 (q, J = 7.1 

Hz, 2H), 3.64 (dd, J = 15.4, 6.9 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.12 (d, J = 13.4 Hz, 1H), 

2.95 (d, J = 13.4 Hz, 1H), 2.74 (d, J = 14.7 Hz, 1H), 2.51 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 2.23 (s, 

6H), 1.14 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.5, 143.7, 138.8, 136.9, 136.8, 136.5, 131.2, 131.0, 129.9, 129.8, 

127.4, 127.3, 119.0, 118.2, 63.0, 50.9, 48.2, 43.6, 40.1, 21.6, 19.8, 19.5, 14.0; 

HRMS (ESI-TOF) calcd. for C25H31N2O4S [M + H]+ 455.1999; found: 455.2006. 
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ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(thiophen-2-ylmethyl)pent-4-

enoate (3r) 

 

The product 3r was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 34.5 mg, 80% yield; 89% ee; [α]D
20 = +8.7 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 15.2 min, tmajor = 25.5 min); 

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.23 (d, J = 5.1 

Hz, 1H), 7.04 – 6.94 (m, 2H), 5.21 (s, 1H), 5.12 (s, 1H), 4.74 (t, J = 6.5 Hz, 1H), 4.16 (q, J = 7.2 

Hz, 2H), 3.66 (dd, J = 15.4, 7.0 Hz, 1H), 3.56 (dd, J = 15.4, 6.2 Hz, 1H), 3.43 (d, J = 14.5 Hz, 1H), 

3.27 (d, J = 14.5 Hz, 1H), 2.74 (d, J = 14.5 Hz, 1H), 2.59 (d, J = 14.6 Hz, 1H), 2.43 (s, 3H), 1.20 (t, 

J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.1, 143.8, 138.7, 136.9, 134.9, 129.9, 128.5, 127.3 (2C), 125.9, 

118.9, 118.7, 63.3, 51.2, 48.2, 40.0, 38.1, 21.7, 14.0; 

HRMS (ESI-TOF) calcd. for C21H25N2O4S2 [M + H]+ 433.1250; found: 433.1257. 

 

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(naphthalen-2-ylmethyl)pent-

4-enoate (3s) 

 

The product 3s was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 53.3 mg, 99% yield; 89% ee; [α]D
20 = +11.7 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 30/70, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 22.5 min, tminor = 25.1 min); 

1H NMR (400 MHz, CDCl3) δ 7.84 – 7.77 (m, 3H), 7.76 – 7.68 (m, 3H), 7.47 (dd, J = 6.3, 3.2 Hz, 

2H), 7.37 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 11.8 Hz, 2H), 5.20 (s, 1H), 5.12 (s, 1H), 4.93 (t, J = 6.5 

Hz, 1H), 4.12 – 3.99 (m, 2H), 3.65 (dd, J = 15.4, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.1 Hz, 1H), 3.34 

(d, J = 13.4 Hz, 1H), 3.19 (d, J = 13.4 Hz, 1H), 2.81 (d, J = 14.7 Hz, 1H), 2.58 (d, J = 14.7 Hz, 1H), 

2.40 (s, 3H), 1.04 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.3, 143.7, 138.7, 136.8, 133.3, 132.9, 131.3, 129.8, 129.2, 128.4, 

127.9, 127.7, 127.7, 127.2, 126.4, 126.3, 119.0, 118.3, 63.1, 50.9, 48.2, 44.0, 40.3, 21.6, 13.9; 

HRMS (ESI-TOF) calcd. for C27H29N2O4S [M + H]+ 477.1843; found: 477.1852. 

 

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-phenethylpent-4-enoate (3t) 

 

The product 3t was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 43.0 mg, 98% yield; 81% ee; [α]D
20 = +1.6 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 11.9 min, tmajor = 20.8 min); 
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1H NMR (400 MHz, CDCl3) δ 7.79 – 7.72 (m, 2H), 7.33 – 7.27 (m, 4H), 7.23 (d, J = 7.2 Hz, 1H), 

7.17 (d, J = 7.5 Hz, 2H), 5.19 (s, 1H), 5.09 (s, 1H), 4.86 (t, J = 6.5 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 

3.65 (dd, J = 15.4, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.2 Hz, 1H), 2.88 (td, J = 12.8, 4.7 Hz, 1H), 2.69 

– 2.51 (m, 3H), 2.40 (s, 3H), 2.21 (td, J = 12.7, 5.2 Hz, 1H), 2.03 (td, J = 12.8, 4.7 Hz, 1H), 1.29 (t, 

J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 168.5, 143.7, 139.5, 138.8, 136.8, 129.9, 128.7, 128.5, 127.2, 126.7, 

119.1, 118.3, 63.2, 49.1, 48.2, 40.3, 39.9, 31.7, 21.6, 14.1; 

HRMS (ESI-TOF) calcd. for C24H29N2O4S [M + H]+ 441.1843; found: 441.1850. 

 

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-phenylpent-4-enoate (3u)

 

The product 3u was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1); 

Colorless oil; 31.1 mg, 75% yield; 23% ee; [α]D
20 = -8.1 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak IC EtOH/hexane = 10/90, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 26.8 min, tminor = 29.3 min); 

1H NMR (400 MHz, CDCl3) δ 7.73 – 7.65 (m, 2H), 7.50 (dd, J = 7.8, 1.9 Hz, 2H), 7.44 – 7.34 (m, 

3H), 7.28 (d, J = 8.0 Hz, 2H), 5.18 (s, 1H), 5.09 (s, 1H), 4.76 – 4.68 (m, 1H), 4.29 – 4.14 (m, 2H), 

3.47 – 3.30 (m, 2H), 3.10 (d, J = 14.8 Hz, 1H), 2.77 (d, J = 14.8 Hz, 1H), 2.42 (s, 3H), 1.22 (t, J = 

7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 167.4, 143.6, 138.5, 136.9, 134.2, 129.8, 129.4, 129.2, 127.3, 126.1, 

119.1, 118.3, 63.7, 53.7, 48.6, 40.9, 21.6, 13.9; 

HRMS (ESI-TOF) calcd. for C22H25N2O4S [M + H]+ 413.1530; found: 413.1537. 

5. Scale-up experiment 

 
In a flame-dried round bottom flask equipped with a magnetic stirring bar, the solution of 5-

methylene-3-tosyl-1,3-oxazinan-2-one 1a (667mg, 2.5 mmol, 1.0 equiv), ethyl 2-cyano-3-

phenylpropanoate 2a (607 mg, 3 mmol, 1.2 equiv) in butanone (30.0 mL) was stirred at -30 ℃. And 

then, the mixture was stirred at the same temperature for the specified time (about 15 h). After 

completion of the reaction, as indicated by TLC, the solvent was concentrated under reduced 

pressure and the residue was purified by flash chromatography on silica gel with PE/EA = 3:1 to 

give the desired product 3a (1.06 g, 99% yield, 92% ee). 

6. The procedure for the synthesis of compound 5. 
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In an ordinary vial equipped with a magnetic stirring bar, 3a (42.6 mg, 0.1 mmol, 1.0 equiv) 

was dissolved in THF/H2O (2 mL/0.5 mL) and the mixture was cooled to 0 ℃. LiOH.H2O (8.1 mg, 

0.39 mmol, 1.1 equiv) was added and the mixture was stirred at 0 ℃ for 30 min. After the reaction 

was completed, the reaction mixture was added 1M HCl until pH = 2 and then extracted with EA 

(10 mL × 2). The combined organic extracts were washed with brine, dried over anhydrous Na2SO4, 

and removed under reduced pressure. Then the crude product was purified by flash column 

chromatography (DCM /MeOH = 20:1) to afford the desired products 5 as a colorless oil (77% yield, 

96% ee).  

(R)-2-benzyl-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoic acid (5) 

 

The product 5 was purified by flash column chromatography (DCM /MeOH = 20:1); 

Colourless oil; 30.7 mg, 77% yield; 96% ee; [α]D
20 = -10.1 (c 1.00, CH2Cl2);  

The ee was determined by HPLC (Chiralpak AD-H, iPrOH/hexane = 15/85, flow rate 1.0 mL/min, 

 λ = 220 nm, tmajor = 23.4 min, tminor = 33.7 min); 

1H NMR (400 MHz, D2O) δ 7.73 – 7.61 (m, 2H), 7.42 – 7.28 (m, 5H), 7.25 – 7.15 (m, 2H), 5.11 

(s, 1H), 5.02 (s, 1H), 3.63 – 3.44 (m, 2H), 3.03 (d, J = 13.4 Hz, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.49 

(d, J = 14.9 Hz, 1H), 2.32 (s, 3H), 2.13 (d, J = 14.9 Hz, 1H); 
13C NMR (101 MHz, D2O) δ 171.0, 142.5, 137.2, 133.3, 133.2, 127.8, 127.7, 126.2, 125.3, 124.6, 

120.1, 114.4, 51.8, 45.6, 40.7, 37.0, 18.5; 

HRMS (ESI-TOF) calcd. for C21H23N2O4S [M + H]+ 399.1373; found: 399.1379. 

7. The procedure for the synthesis of compound 6. 

 

A freshly prepared stock solution of trimethylaluminum amine complex was prepared by 

adding trimethylaluminum (0.5 mL, 2M in toluene) to methyl anmine hydrochloride (67.5 mg, 1 

mmol) in toluene (4.5 mL) at 0 oC and allowed to warm to ambient temperature. After the methane 

evolution ceased (about 1 hour), the aluminum amine complex solution (0.9 mL, 0.18 mmol, 3.0 

equiv) was then added to ester 3a (25.6 mg, 0.06 mmol, 1.0 equiv) in toluene (2 mL) at room 

temperature and immediately heated to 50 oC. The reaction was maintained at 50 oC for three days. 

After completion of the reaction (confirmed by TLC analysis). The reaction was quenched with aq. 

NH4Cl and extracted with CH2Cl2.The organic layer was dried over Na2SO4, filtered, and 

concentrated under vacuum. The residue was chromatographed on silica gel with (PE/EA 2:1) to 

afford compound 6 as a white solid (77% yield, 90% ee). 

(R)-3-benzyl-5-methylene-2-oxo-1-tosylpiperidine-3-carbonitrile (6) 
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The product 6 was purified by flash column chromatography (ethyl acetate /petroleum ether = 4:1); 

White solid; 17.6 mg, 77% yield; 90% ee; [α]D
20 = +9.2 (c 1.00, CH2Cl2); m.p. 127.6-128.4 ºC 

The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 mL/min, 

 λ = 220 nm, tminor = 21.8 min, tmajor = 23.2 min); 

1H NMR (400 MHz, CDCl3) δ 7.90 – 7.82 (m, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.22 (dd, J = 5.0, 2.0 

Hz, 3H), 7.12 – 7.06 (m, 2H), 5.26 (s, 1H), 5.10 (s, 1H), 4.58 (dt, J = 14.6, 1.5 Hz, 1H), 4.40 (dt, J 

= 14.6, 1.6 Hz, 1H), 3.21 (d, J = 13.9 Hz, 1H), 3.02 (d, J = 13.9 Hz, 1H), 2.57 (d, J = 14.4 Hz, 1H), 

2.48 (d, J = 14.4 Hz, 1H), 2.40 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 164.9, 145.9, 134.7, 133.3, 132.5, 130.5, 129.8, 129.1, 128.9, 128.2, 

117.9, 117.4, 47.9, 41.0, 37.1, 29.8, 21.9; 

HRMS (ESI-TOF) calcd. for C21H21N2O3S [M + H]+ 381.1267; found: 381.1273. 

 

8. X-ray crystal structure of compounds 6 

Single crystals of C21H20N2O3S 6 was prepared from the mixture solvent of EtOH at room 

temperature by slow evaporation of solvent. A suitable crystal was selected for structure 

determination on a SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal was kept at 

170.1(3) K during data collection. Using Olex2 [1], the structure was solved with the SHELXS [2] 

structure solution program using Direct Methods and refined with the SHELXL [3] refinement 

package using Least Squares minimisation. 

[1] Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J, Howard, J. A. K.; Puschmann, H. J. Appl. 

Cryst. 2009, 42, 339-341. 

[2] Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 

[3] Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8. 

 

ORTEP of 6 (at 50% level)  

Crystal data and structure refinement for 6 

Identification code 6 

Empirical formula C21H20N2O3S 

Formula weight 380.45 

Temperature/K 99.96(16) 

Crystal system orthorhombic 

Space group P212121 

a/Å 7.46283(5) 

b/Å 13.94255(10) 

c/Å 18.09638(13) 

α/° 90 

β/° 90 

γ/° 90 
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Volume/Å3 1882.94(2) 

Z 4 

ρcalcg/cm3 1.342 

μ/mm-1 1.727 

F(000) 800.0 

Crystal size/mm3 0.16 × 0.12 × 0.1 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.006 to 148.658 

Index ranges -9 ≤ h ≤ 4, -16 ≤ k ≤ 17, -22 ≤ l ≤ 15 

Reflections collected 9403 

Independent reflections 3718 [Rint = 0.0136, Rsigma = 0.0135] 

Data/restraints/parameters 3718/0/254 

Goodness-of-fit on F2 1.051 

Final R indexes [I>=2σ (I)] R1 = 0.0230, wR2 = 0.0620 

Final R indexes [all data] R1 = 0.0231, wR2 = 0.0621 

Largest diff. peak/hole / e Å-3 0.21/-0.23 

Flack/Hooft parameter 0.009(5)/-0.005(3) 

 

  



S19 

 

9. The copies of 1H NMR, 13C NMR and HPLC spectra for compounds 3, 5, 6 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3a 
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HPLC spectra of 3a 

 

 

  



S21 

 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3b 
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HPLC spectra of 3b 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3c 
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HPLC spectra of 3c 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3d 
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HPLC spectra of 3d 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3e 
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HPLC spectra of 3e 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3f 
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HPLC spectra of 3f 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3g 
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HPLC spectra of 3g 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3h 
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HPLC spectra of 3h 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3i 
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HPLC spectra of 3i 

 

  



S37 

 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3j 
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HPLC spectra of 3j 

 

 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3k 
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HPLC spectra of 3k 

 

  



S41 

 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3l 
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HPLC spectra of 3l 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3m 

 

  



S44 

 

HPLC spectra of 3m 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3n 
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HPLC spectra of 3n 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3o 
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HPLC spectra of 3o 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3p 
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HPLC spectra of 3p 

 

 
1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3q 
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HPLC spectra of 3q 

 

 

1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3r 
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HPLC spectra of 3r 

 

 
1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3s 
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HPLC spectra of 3s 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3t 
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HPLC spectra of 3t 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 3u 
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HPLC spectra of 3u 
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1H NMR (400 MHz, D2O) and 13C NMR (101 MHz, D2O) of 5 
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HPLC spectra of 5 
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1H NMR (400 MHz, CDCl3) and 13C NMR (101 MHz, CDCl3) of 6 
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HPLC spectra of 6 

 

 

 


