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I. General Remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. 

Chemical shifts are reported in ppm with the internal TMS signal at 0.0 ppm as a 

standard. 13C NMR spectra were recorded on a Bruker 100 MHz spectrometer in CDCl3. 

Chemical shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as 

a standard. 19F NMR spectra were recorded on a Bruker 376 MHz spectrometer in 

CDCl3. Chemical shifts are reported in ppm with the internal CF3COOH signal at -

76.55 ppm. The data are reported as (s = single, d = double, t = triple, q = quarter, m = 

multiple or unresolved, brs = broad single, coupling constant(s) in Hz, integration). 

Commercially obtained reagents were used without further purification. All reactions 

were monitored by TLC with silica gel-coated plates. Enantiomeric ratios were 

determined by chiral-phase HPLC analysis in comparison with authentic racemic 

materials. Substrates 1 and 2 were prepared according to the literature procedure.1,2 The 

absolute configuration of compound 7 was determined by comparing with the optical 

rotation of known chiral compound.3 The absolute configuration of others were 

assigned by analogy. 

 

II. General Procedure for Pd-Catalyzed Asymmetric Hydroalkylation of 1,3-

Dienes with Azlactones 

In an Ar-filled glovebox, to a vial equipped with a magnetic stirring rod was added 

successively: Pd-L7 catalyst (0.01 mmol, 10 mol%), azalctone (0.15 mmol, 1.5 equiv.), 

CH2Cl2 (1 mL), 1,3-diene (0.10 mmol, 1.0 equiv.), and lastly Et3N (0.3 mmol, 3.0 

equiv.). Then HBF4·Et2O (0.01 mmol in 1 mL DCM) was added dropwise to the 

solution. Once starting material was consumed (monitored by TLC), the organic solvent 

was removed by rotary evaporation. The dr value was determined by 1H NMR analysis 

of the crude mixture and the residue was purified by column chromatography to give 

the product. Procedure for the alcoholysis with MeOH: After the reaction of 1,3-diene 

with azlactone was completed, MeOH (1 mL) and K2CO3 (0.5 mmol) were added, then 
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the mixture was stirred at room temperature for 2 h. The solvent was removed by vacuo, 

and the residue was purified by column chromatography on silica column. 

 

(R)-4-methyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3a):

 

Yield (92%); 28.1 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +119.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3)
 

1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 5.2, 3.3 Hz, 2H), 7.62-7.54 (m, 1H), 7.53-

7.45 (m, 2H), 7.44-7.36 (m, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.25-7.20 (m, 1H), 6.54 (d, J 

= 15.9 Hz, 1H), 6.25 (dd, J = 15.9, 9.3 Hz, 1H), 2.91-2.65 (m, 1H), 1.50 (s, 3H), 1.05 

(d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 180.9, 160.1, 136.9, 132.74, 132.65, 

129.2, 128.8, 128.5, 128.0, 127.5, 126.3, 125.8, 72.4, 45.0, 22.6, 15.8. HRMS (ESI+) 

Calcd. For C20H20NO2 ([M+H]+): 306.1489, found: 306.1487. The product was 

analyzed by HPLC to determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-

propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 4.65 and 5.15 min. 

 

(R)-4-ethyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3b): 

 

Yield (85%); 27.1 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +87.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 8.06 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 7.2 Hz, 2H), 7.40 (d, J 

= 7.6 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.22 (d, J = 7.2 Hz, 1H), 6.52 (d, J = 15.9 Hz, 

1H), 6.26 (dd, J = 15.9, 9.3 Hz, 1H), 2.84 (dq, J = 13.7, 6.8 Hz, 1H), 2.02 (dq, J = 14.9, 

7.5 Hz, 1H), 1.90 (dq, J = 14.6, 7.4 Hz, 1H), 1.04 (d, J = 6.8 Hz, 3H), 0.80 (t, J = 7.4 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 180.5, 160.4, 136.9, 132.7, 132.3, 129.6, 128.8, 

128.5, 128.0, 127.4, 126.3, 125.8, 77.2, 44.6, 29.3, 16.0, 8.1. HRMS (ESI+) Calcd. For 
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C21H22NO2 ([M+H]+): 320.1645, found: 320.1634. The product was analyzed by HPLC 

to determine the enantiomeric excess: >99% ee (Chiralpak ID, i-propanol/hexane = 

2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 4.24 and 4.71 min. 

 

Methyl (2R,3S,E)-2-benzamido-2-benzyl-3-methyl-5-phenylpent-4-enoate (3c): 

 

Yield (82%); 33.8 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -40.6 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.62 (d, J = 7.3 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.31-7.25 (m, 

4H), 7.21-7.18 (m, 4H), 7.14-7.07 (m, 2H), 6.86 (s, 1H), 6.42 (d, J = 15.7 Hz, 1H), 6.17 

(dd, J = 15.7, 9.2 Hz, 1H), 3.90 (d, J = 13.8 Hz, 1H), 3.87 (s, 3H), 3.53 (d, J = 13.7 Hz, 

1H), 3.47 (dd, J = 15.5, 7.4 Hz, 1H), 1.34 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 172.7, 167.2, 137.0, 136.6, 135.4, 132.0, 131.4, 130.6, 130.0, 128.6, 128.5, 

128.2, 127.4, 126.8, 126.3, 67.9, 52.6, 42.4, 37.1, 16.0. HRMS (ESI+) Calcd. For 

C27H28NO3 ([M+H]+): 414.2064, found: 414.2055. The product was analyzed by HPLC 

to determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 13.55 and 16.81 min. 

 

Methyl (2R,3S,E)-2-benzamido-2-isobutyl-3-methyl-5-phenylpent-4-enoate (3d): 

 

Yield (80%); 30.0 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -55.0 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.80-7.71 (m, 2H), 7.51-7.44 (m, 1H), 7.40 (dd, J = 15.1, 8.0 Hz, 3H), 7.25 (dd, J = 8.6, 

1.8 Hz, 3H), 7.24-7.15 (m, 1H), 6.38 (d, J = 15.7 Hz, 1H), 6.02 (dd, J = 15.7, 9.1 Hz, 
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1H), 3.84 (s, 3H), 3.51 (dq, J = 14.2, 7.0 Hz, 1H), 2.77 (dd, J = 14.1, 4.3 Hz, 1H), 1.96 

(dd, J = 14.1, 8.9 Hz, 1H), 1.66-1.57 (m, 1H), 1.21 (d, J = 7.0 Hz, 3H), 0.94 (d, J = 6.7 

Hz, 3H), 0.78 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.5, 166.5, 137.2, 

135.5, 131.7, 131.3, 130.8, 128.6, 128.4, 127.2, 126.8, 126.2, 67.0, 52.5, 43.5, 40.8, 

25.0, 24.1, 21.9, 15.7. HRMS (ESI+) Calcd. For C24H30NO3 ([M+H]+): 380.2220, found: 

320.2208. The product was analyzed by HPLC to determine the enantiomeric excess: 

93% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 

nm); tr = 5.99 and 7.04 min. 

 

Methyl (2R,3S,E)-2-allyl-2-benzamido-3-methyl-5-phenylpent-4-enoate (3e): 

 

Yield (75%); 27.2 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -49.0 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.76-7.69 (m, 2H), 7.50-7.44 (m, 1H), 7.41-7.36 (m, 2H), 7.35-7.32 (m, 2H), 7.31-7.26 

(m, 2H), 7.24-7.18 (m, 1H), 7.05 (s, 1H), 6.47 (d, J = 15.7 Hz, 1H), 6.17 (dd, J = 15.7, 

9.3 Hz, 1H), 5.67-5.63 (m, 1H), 5.17-5.03 (m, 2H), 3.84 (s, 3H), 3.41 (dd, J = 14.0, 7.6 

Hz, 1H), 3.31 (dq, J = 14.0, 7.0 Hz, 1H), 2.95 (dd, J = 14.0, 7.0 Hz, 1H), 1.21 (d, J = 

7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.1, 166.6, 137.0, 135.1, 132.8, 132.0, 

131.4, 130.7, 128.6, 128.5, 127.4, 126.8, 126.3, 119.0, 66.9, 52.7, 42.9, 36.2, 15.8. 

HRMS (ESI+) Calcd. For C23H26NO3 ([M+H]+): 364.1907, found: 364.1902. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 29.77 

and 30.78 min. 

 

Methyl (2R,3S,E)-2-benzamido-2-isopropyl-3-methyl-5-phenylpent-4-enoate (3f): 
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Yield (54%); 19.7 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -19.1 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.80 (d, J = 7.1 Hz, 2H), 7.49 (t, J = 7.2 Hz, 1H), 7.43 (t, J = 7.3 Hz, 2H), 7.35 (d, J = 

7.5 Hz, 2H), 7.28 (d, J = 7.4 Hz, 2H), 7.22-7.16 (m, 2H), 6.47 (d, J = 15.8 Hz, 1H), 

6.39 (dd, J = 15.8, 8.5 Hz, 1H), 3.86 (s, 3H), 3.83-3.74 (m, 1H), 3.10-3.03 (m, 1H), 

1.18 (d, J = 6.9 Hz, 3H), 1.03 (d, J = 6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 174.1, 

166.9, 137.5, 136.2, 131.6, 131.2, 131.0, 128.6, 128.4, 127.0, 126.8, 126.3, 72.2, 52.8, 

40.4, 31.2, 18.4, 18.1, 16.7. HRMS (ESI+) Calcd. For C23H28NO3 ([M+H]+): 366.2064, 

found: 366.2054. The product was analyzed by HPLC to determine the enantiomeric 

excess: 97% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ 

= 254 nm); tr = 6.60 and 9.39 min. 

 

(R)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)-2-(p-tolyl)oxazol-5(4H)-one (3g): 

 

Yield (89%); 28.4 mg; white solid; mp 84-86 oC; (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 20/1); [α]28
D = +78.5 (c 1.0, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ 7.92 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 7.4 Hz, 2H), 7.31 (t, J = 8.4 Hz, 

4H), 7.23 (t, J = 7.4 Hz, 1H), 6.53 (d, J = 15.9 Hz, 1H), 6.25 (dd, J = 15.9, 9.3 Hz, 1H), 

2.83-2.76 (m, 1H), 2.44 (s, 3H), 1.49 (s, 3H), 1.04 (d, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 181.1, 160.2, 143.4, 136.9, 132.7, 129.5, 129.3, 128.5, 127.9, 127.5, 

126.4, 123.0, 72.3, 45.1, 22.7, 21.7, 15.8. HRMS (ESI+) Calcd. For C21H22NO2 

([M+H]+): 320.1645, found: 320.1634. The product was analyzed by HPLC to 

determine the enantiomeric excess: 96% ee (Chiralpak AD-H, i-propanol/hexane = 3/97, 
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flow rate 1.0 mL/min, λ = 254 nm); tr = 4.86 and 5.70 min. 

 

(R)-2-(4-methoxyphenyl)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-

one (3h): 

 

Yield (90%); 30.1 mg; yellow oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +75.1 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 7.98 (d, J = 8.8 Hz, 2H), 7.40 (d, J = 7.5 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 7.25-7.19 

(m, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 15.9 Hz, 1H), 6.25 (dd, J = 15.9, 9.3 Hz, 

1H), 3.89 (s, 3H), 2.79 (dq, J = 13.8, 6.8 Hz, 1H), 1.49 (s, 3H), 1.04 (d, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 181.2, 163.1, 159.8, 137.0, 132.6, 129.8, 129.4, 128.5, 

127.4, 126.3, 118.2, 114.2, 72.2, 55.5, 45.1, 22.8, 15.8. HRMS (ESI+) Calcd. For 

C21H22NO3 ([M+H]+): 336.1594, found: 336.1586. The product was analyzed by HPLC 

to determine the enantiomeric excess: 98% ee (Chiralpak AD-H, i-propanol/hexane = 

2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.17 and 6.96 min. 

 

(R)-2-(4-fluorophenyl)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one 

(3i): 

 

Yield (87%); 28.1 mg; white solid; mp 74-76 oC; (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 20/1); [α]28
D = +69.9 (c 1.0, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ 8.04 (ddd, J = 8.0, 5.0, 2.4 Hz, 2H), 7.40 (d, J = 7.3 Hz, 2H), 7.32 (t, J 

= 7.5 Hz, 2H), 7.24-7.21 (m, 1H), 7.20-7.14 (m, 2H), 6.53 (d, J = 15.9 Hz, 1H), 6.23 

(dd, J = 15.9, 9.3 Hz, 1H), 2.80 (dq, J = 13.7, 6.8 Hz, 1H), 1.50 (s, 3H), 1.05 (d, J = 6.8 
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Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 180.7, 166.7, 164.2, 159.2, 136.9, 132.8, 130.4 

(d, J = 9.1 Hz), 129.1, 128.5, 127.5, 126.3, 122.1 (d, J = 3.1 Hz), 116.1 (d, J = 21.3 Hz), 

72.5, 45.0, 22.6, 15.8. 19F NMR (376 MHz, CDCl3) δ -105.45; HRMS (ESI+) Calcd. 

For C20H19FNO2 ([M+H]+): 324.1394, found: 324.1381. The product was analyzed by 

HPLC to determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-

propanol/hexane = 1.5/98.5, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.49 and 6.20 min. 

 

(R)-2-(4-chlorophenyl)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-

one (3j): 

 

Yield (80%); 27.1 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +101.9 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 7.97 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 7.5 Hz, 2H), 7.32 (t, J 

= 7.5 Hz, 2H), 7.23 (d, J = 7.1 Hz, 1H), 6.53 (d, J = 15.9 Hz, 1H), 6.22 (dd, J = 15.9, 

9.3 Hz, 1H), 2.80 (dq, J = 13.7, 6.8 Hz, 1H), 1.50 (s, 3H), 1.04 (d, J = 6.8 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 180.5, 159.3, 139.0, 136.8, 132.9, 129.3, 129.2, 129.0, 128.5, 

127.5, 126.3, 124.3, 72.5, 45.0, 22.6, 15.8. HRMS (ESI+) Calcd. For C20H19ClNO2 

([M+H]+): 340.1099, found: 340.1104. The product was analyzed by HPLC to 

determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, 

flow rate 1.0 mL/min, λ = 254 nm); tr = 5.11 and 5.81 min. 

 

(R)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)-2-(m-tolyl)oxazol-5(4H)-one (3k): 

 

Yield (78%); 24.9 mg; colorless oil; (Flash column chromatography eluent, petroleum 
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ether/ethyl acetate = 20/1); [α]28
D = +87.2 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 7.88 (s, 1H), 7.86-7.77 (m, 1H), 7.40 (t, J = 7.1 Hz, 4H), 7.32 (t, J = 7.5 Hz, 2H), 7.22 

(d, J = 7.3 Hz, 1H), 6.54 (d, J = 15.9 Hz, 1H), 6.25 (dd, J = 15.9, 9.3 Hz, 1H), 2.81 (dq, 

J = 13.8, 6.8 Hz, 1H), 2.43 (s, 3H), 1.50 (s, 3H), 1.05 (d, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 181.0, 160.3, 138.7, 136.9, 133.5, 132.7, 129.3, 128.7, 128.5, 

128.4, 127.5, 126.4, 125.7, 125.2, 72.3, 45.1, 22.7, 21.3, 15.8. HRMS (ESI+) Calcd. 

For C21H22NO2 ([M+H]+): 320.1645, found: 320.1634. The product was analyzed by 

HPLC to determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-

propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 4.14 and 4.78 min. 

 

(R)-2-(3-fluorophenyl)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one 

(3l): 

 

Yield (86%); 27.7 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +63.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 7.82 (d, J = 7.8 Hz, 1H), 7.75 (ddd, J = 9.2, 2.3, 1.6 Hz, 1H), 7.48 (td, J = 8.0, 5.6 Hz, 

1H), 7.40 (d, J = 7.3 Hz, 2H), 7.35-7.26 (m, 3H), 7.23 (d, J = 7.3 Hz, 1H), 6.54 (d, J = 

15.9 Hz, 1H), 6.23 (dd, J = 15.9, 9.3 Hz, 1H), 2.81 (dq, J = 13.7, 6.8 Hz, 1H), 1.50 (s, 

3H), 1.05 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 180.5, 162.7 (d, J = 246.1 

Hz), 159.1, 136.8, 132.9, 130.5 (d, J = 8.0 Hz), 129.0, 128.5, 127.9 (d, J = 8.4 Hz), 

127.5, 126.3, 123.7 (d, J = 3.1 Hz), 119.7 (d, J = 21.3 Hz), 114.9 (d, J = 24.0 Hz), 72.6, 

45.0, 22.6, 15.8. 19F NMR (376 MHz, CDCl3) δ -111.43; HRMS (ESI+) Calcd. For 

C20H19FNO2 ([M+H]+): 324.1394, found: 324.1388. The product was analyzed by 

HPLC to determine the enantiomeric excess: 95% ee (Chiralpak AD-H, i-

propanol/hexane = 3/97, flow rate 1.0 mL/min, λ = 254 nm); tr = 4.54 and 4.95 min. 
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(R)-2-(2-fluorophenyl)-4-methyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one 

(3m): 

 

Yield (75%); 24.2 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 20/1); [α]28
D = +78.6 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 7.94-7.90 (m, 1H), 7.61-7.50 (m, 1H), 7.39 (d, J = 7.3 Hz, 2H), 7.31 (t, J = 7.6 Hz, 

3H), 7.25-7.19 (m, 2H), 6.54 (d, J = 15.9 Hz, 1H), 6.22 (dd, J = 15.9, 9.3 Hz, 1H), 2.85-

2.81 (m, 1H), 1.53 (s, 3H), 1.09 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

180.3, 161.5 (d, J = 258.8 Hz), 157.0 (d, J = 5.3 Hz), 136.8, 134.2 (d, J = 8.8 Hz), 132.9, 

130.6, 128.9, 128.4, 127.5, 126.3, 124.3 (d, J = 3.8 Hz), 117.1 (d, J = 21.3 Hz), 114.4 

(d, J = 10.0 Hz), 72.1, 44.9, 22.4, 15.6. 19F NMR (376 MHz, CDCl3) δ -108.51; HRMS 

(ESI+) Calcd. For C20H19FNO2 ([M+H]+): 324.1394, found: 324.1383. The product was 

analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak AD-H, i-

propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.20 and 6.16 min. 

 

Methyl (2R,3S,E)-2-acetamido-3-methyl-2,5-diphenylpent-4-enoate (3n): 

 

Yield (70%); 23.6 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -3.6 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 
1H 

NMR (400 MHz, CDCl3) δ 7.47 (dd, J = 5.3, 3.4 Hz, 2H), 7.37-7.31 (m, 2H), 7.31-7.27 

(m, 5H), 7.24-7.19 (m, 1H), 6.48-6.44 (m, 2H), 6.03 (dd, J = 15.9, 8.2 Hz, 1H), 3.77 (s, 

3H), 3.80-3.67 (m, 1H), 2.01 (s, 3H), 1.15 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 172.2, 169.1, 137.8, 137.1, 131.8, 130.3, 128.5, 128.0, 127.6, 127.4, 127.2, 

126.3, 68.5, 52.7, 43.1, 23.8, 16.2. HRMS (ESI+) Calcd. For C21H24NO3 ([M+H]+): 
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338.1751, found: 338.1743. The product was analyzed by HPLC to determine the 

enantiomeric excess: 95% ee (Chiralpak AS-H, i-propanol/hexane = 5/95, flow rate 1.0 

mL/min, λ = 254 nm); tr = 17.76 and 25.21 min. 

 

Methyl (2S,3S,E)-2-benzamido-3-methyl-2,5-diphenylpent-4-enoate (3o) and 

Methyl (2R,3S,E)-2-benzamido-3-methyl-2,5-diphenylpent-4-enoate (3o'): 

 

Yield (85%); 33.9 mg; 3o:3o' = 1.25:1, colourless oil; (Flash column chromatography 

eluent, petroleum ether/ethyl acetate = 5/1); [α]28
D = -2.2 (c 1.0, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ 7.81-7.76 (m, 2H), 7.58-7.48 (m, 3H), 7.47-7.41 (m, 2H), 7.39-7.26 (m, 

7H), 7.24-7.17 (m, 1H), 6.57 (major) (d, J = 15.9 Hz, 0.55H), 6.52 (minor) (d, J = 15.9 

Hz, 0.45H), 6.14 (minor) (dd, J = 15.9, 8.2 Hz, 0.45H), 6.02 (major) (dd, J = 15.9, 8.8 

Hz, 0.55H), 3.81-3.76 (m, 1H), 3.80 (minor) (s, 1.35H), 3.77 (major) (s, 1.65H), 1.23 

(minor) (d, J = 6.9 Hz, 1.35H), 1.19 (major) (d, J = 6.9 Hz, 1.65H). 13C NMR (100 MHz, 

CDCl3) δ 172.5, 172.3, 166.3, 166.0, 137.8, 137.1, 136.9, 136.5, 134.6, 134.4, 132.1, 

132.0, 131.7, 131.6, 130.53, 130.50, 128.7, 128.6, 128.58, 128.5, 128.1, 128.0, 127.7, 

127.63, 127.58, 127.4, 127.2, 126.98, 126.96, 126.3, 68.6, 68.4, 53.0, 52.9, 43.7, 43.4, 

16.5, 16.2. HRMS (ESI+) Calcd. For C26H26NO3 ([M+H]+): 400.1907, found: 400.1902. 

The product was analyzed by HPLC to determine the enantiomeric excess: 87% ee 

(major); 84% ee (minor) (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm); tr (major) = 15.98 and 18.84 min; tr (minor) = 24.36 and 27.60 

min. 

 

Methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-5-(p-tolyl)pent-4-enoate (4a): 
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Yield (82%); 28.8 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -71.9 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.71 (d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.4 Hz, 1H), 7.38 (t, J = 7.5 Hz, 2H), 7.24 (s, 2H), 

7.12 (d, J = 7.9 Hz, 2H), 6.82 (s, 1H), 6.49 (d, J = 15.8 Hz, 1H), 6.11 (dd, J = 15.8, 9.3 

Hz, 1H), 3.78 (s, 3H), 2.99-2.92 (m, 1H), 2.33 (s, 3H), 1.79 (s, 3H), 1.21 (d, J = 7.0 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 173.3, 166.7, 137.5, 134.6, 134.0, 132.3, 131.5, 

129.3, 129.0, 128.6, 126.9, 126.2, 62.5, 52.4, 45.3, 21.2, 20.7, 15.7. HRMS (ESI+) 

Calcd. For C22H26NO3 ([M+H]+): 352.1907, found: 352.1899. The product was 

analyzed by HPLC to determine the enantiomeric excess: 92% ee (Chiralcel OD-H, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.97 and 8.58 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(4-methoxyphenyl)-2,3-dimethylpent-4-enoate 

(4b): 

 

Yield (90%); 33.0 mg; white solid; mp 120-122 oC; (Flash column chromatography 

eluent, petroleum ether/ethyl acetate = 5/1); [α]28
D = -58.5 (c 1.0, CHCl3); 

1H NMR 

(400 MHz, CDCl3) δ 7.71 (d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.3 Hz, 1H), 7.38 (t, J = 7.5 

Hz, 2H), 7.30 (d, J = 8.6 Hz, 2H), 6.86-6.83 (m, 3H), 6.47 (d, J = 15.8 Hz, 1H), 6.02 

(dd, J = 15.7, 9.3 Hz, 1H), 3.81 (s, 3H), 3.78 (s, 3H), 2.97-2.89 (m, 1H), 1.79 (s, 3H), 

1.21 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.3, 166.7, 159.2, 134.6, 

131.9, 131.5, 129.5, 128.6, 127.8, 127.5, 126.8, 114.0, 62.5, 55.3, 52.4, 45.3, 20.7, 15.8. 

HRMS (ESI+) Calcd. For C22H26NO4 ([M+H]+): 368.1856, found: 368.1848. The 

product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 



13 

 

(Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 

10.66 and 20.45 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(4-fluorophenyl)-2,3-dimethylpent-4-enoate (4c): 

 

Yield (82%); 29.1 mg; white solid; mp 94-96 oC; (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 5/1); [α]28
D = -57.6 (c 1.0, CHCl3);

 1H NMR (400 MHz, 

CDCl3) δ 7.74-7.68 (m, 2H), 7.47 (dd, J = 8.4, 6.4 Hz, 1H), 7.38 (t, J = 7.5 Hz, 2H), 

7.34-7.28 (m, 2H), 6.99 (t, J = 8.4 Hz, 2H), 6.87 (s, 1H), 6.47 (d, J = 15.8 Hz, 1H), 6.09 

(dd, J = 15.8, 9.3 Hz, 1H), 3.78 (s, 3H), 3.04-2.96 (m, 1H), 1.80 (s, 3H), 1.21 (d, J = 

7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.4, 166.7, 162.2 (d, J = 245.3 Hz), 

134.6, 132.9, 131.5, 131.1, 129.9 (d, J = 2.1 Hz), 128.5, 127.8 (d, J = 8.0 Hz), 126.8, 

115.4 (d, J = 21.5 Hz), 62.7, 52.5, 45.0, 20.5, 15.7. 19F NMR (376 MHz, CDCl3) δ -

114.41; HRMS (ESI+) Calcd. For C21H23FNO3 ([M+H]+): 356.1656, found: 356.1648. 

The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak ID-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 

16.29 and 19.33 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(4-chlorophenyl)-2,3-dimethylpent-4-enoate 

(4d): 

 

Yield (71%); 26.3 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -71.4 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.75-7.68 (m, 2H), 7.50-7.44 (m, 1H), 7.38 (dd, J = 10.4, 4.7 Hz, 2H), 7.27 (d, J = 2.1 
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Hz, 4H), 6.86 (s, 1H), 6.45 (d, J = 15.8 Hz, 1H), 6.15 (dd, J = 15.8, 9.2 Hz, 1H), 3.79 

(s, 3H), 3.07-2.99 (m, 1H), 1.80 (s, 3H), 1.21 (d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 173.4, 166.7, 135.3, 134.6, 133.2, 131.6, 131.0, 130.9, 128.7, 128.6, 127.5, 

126.8, 62.7, 52.5, 45.0, 20.5, 15.6. HRMS (ESI+) Calcd. For C21H23ClNO3 ([M+H]+): 

372.1361, found: 356.1348. The product was analyzed by HPLC to determine the 

enantiomeric excess: 96% ee (Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 

1.0 mL/min, λ = 254 nm); tr = 7.73 and 13.40 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(4-bromophenyl)-2,3-dimethylpent-4-enoate 

(4e): 

 

Yield (62%); 25.7 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -69.0 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.70 (dd, J = 8.4, 7.0 Hz, 2H), 7.50-7.45 (m, 1H), 7.40 (dd, J = 15.6, 7.8 Hz, 4H), 7.21 

(d, J = 8.5 Hz, 2H), 6.86 (s, 1H), 6.44 (d, J = 15.8 Hz, 1H), 6.17 (dd, J = 15.8, 9.2 Hz, 

1H), 3.79 (s, 3H), 3.03 (dq, J = 14.0, 7.0 Hz, 1H), 1.80 (s, 3H), 1.21 (d, J = 7.0 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 173.4, 166.7, 135.7, 134.6, 131.63, 131.56, 131.1, 131.0, 

128.6, 127.8, 126.8, 121.3, 62.7, 52.5, 44.9, 20.5, 15.6. HRMS (ESI+) Calcd. For 

C21H23BrNO3 ([M+H]+): 416.0856, found: 416.0849. The product was analyzed by 

HPLC to determine the enantiomeric excess: 95% ee (Chiralpak ID-H, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 17.58 and 19.11 min. 

 

Methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-5-(o-tolyl)pent-4-enoate (4f): 
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Yield (50%); 17.5 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -57.3 (c 0.3, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.73 (d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.3 Hz, 1H), 7.42-7.34 (m, 3H), 7.19-7.06 (m, 3H), 

6.87 (s, 1H), 6.71 (d, J = 15.6 Hz, 1H), 6.01 (dd, J = 15.6, 9.4 Hz, 1H), 3.79 (s, 3H), 

3.08-3.00 (m, 1H), 2.28 (s, 3H), 1.82 (s, 3H), 1.24 (d, J = 7.0 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 173.3, 166.6, 136.0, 135.1, 134.6, 131.7, 131.5, 130.4, 130.2, 128.6, 

127.5, 126.8, 126.2, 126.0, 62.6, 52.5, 45.3, 20.6, 19.7, 15.8. HRMS (ESI+) Calcd. For 

C22H26NO3 ([M+H]+): 352.1907, found: 352.1898. The product was analyzed by HPLC 

to determine the enantiomeric excess: 97% ee (Chiralcel OD-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.36 and 11.20 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(2-fluorophenyl)-2,3-dimethylpent-4-enoate 

(4g): 

 

Yield (74%); 26.2 mg; white solid; mp 90-92 oC; (Flash column chromatography eluent, 

petroleum ether/ethyl acetate = 5/1); [α]28
D = -52.0 (c 1.0, CHCl3); 

1H NMR (400 MHz, 

CDCl3) δ 7.76-7.71 (m, 2H), 7.49-7.37 (m, 4H), 7.21 (tdd, J = 7.2, 5.2, 1.7 Hz, 1H), 

7.11-6.99 (m, 2H), 6.85 (s, 1H), 6.68 (d, J = 16.0 Hz, 1H), 6.25 (dd, J = 15.9, 9.2 Hz, 

1H), 3.79 (s, 3H), 3.06-2.98 (m, 1H), 1.80 (s, 3H), 1.23 (d, J = 7.0 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 173.3, 166.6, 160.0 (d, J = 247.2 Hz), 134.6, 132.9, 131.5, 128.6, 

127.4 (d, J = 3.6 Hz), 126.9, 124.7 (d, J = 3.6 Hz), 124.2, 115.6 (d, J = 21.9 Hz), 62.5, 

52.5, 45.5, 20.6, 15.5. 19F NMR (376 MHz, CDCl3) δ -118.56; HRMS (ESI+) Calcd. 

For C21H23FNO3 ([M+H]+): 356.1656, found: 356.1648. The product was analyzed by 

HPLC to determine the enantiomeric excess: 95% ee (Chiralpak AS-H, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.76 and 17.78 min. 

 

Methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-5-(m-tolyl)pent-4-enoate (4h): 
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Yield (85%); 29.8 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -66.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.72 (d, J = 7.4 Hz, 2H), 7.47 (t, J = 7.2 Hz, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.23-7.11 (m, 

3H), 7.06 (d, J = 7.1 Hz, 1H), 6.83 (s, 1H), 6.49 (d, J = 15.8 Hz, 1H), 6.15 (dd, J = 15.8, 

9.3 Hz, 1H), 3.79 (s, 3H), 3.01-2.93 (m, 1H), 2.34 (s, 3H), 1.80 (s, 3H), 1.22 (d, J = 7.0 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.3, 166.7, 138.1, 136.7, 134.6, 132.6, 131.5, 

129.8, 128.54, 128.46, 128.4, 127.0, 127.0, 123.5, 62.5, 52.4, 45.2, 21.4, 20.6, 15.7. 

HRMS (ESI+) Calcd. For C22H26NO3 ([M+H]+): 352.1907, found: 352.1897. The 

product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 

13.22 and 14.68 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(3-fluorophenyl)-2,3-dimethylpent-4-enoate (4i): 

 

Yield (84%); 29.8 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -65.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.76-7.67 (m, 2H), 7.51-7.44 (m, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.29-7.22 (m, 1H), 7.11 

(d, J = 7.8 Hz, 1H), 7.05 (dd, J = 10.1, 2.1 Hz, 1H), 6.92 (td, J = 8.3, 2.0 Hz, 1H), 6.86 

(s, 1H), 6.47 (d, J = 15.8 Hz, 1H), 6.18 (dd, J = 15.8, 9.2 Hz, 1H), 3.80 (s, 3H), 3.09-

3.02 (m, 1H), 1.80 (s, 3H), 1.22 (d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

173.4, 166.7, 163.0 (d, J = 243.9 Hz), 139.1 (d, J = 7.7 Hz), 134.6, 131.6 (d, J = 8.0 

Hz), 131.2 (d, J = 2.5 Hz), 130.0 (d, J = 8.4 Hz), 128.6, 126.8, 122.1 (d, J = 2.7 Hz), 

114.3 (d, J = 21.4 Hz), 112.7 (d, J = 21.6 Hz), 62.7, 52.6, 44.8, 20.5, 15.6. 19F NMR 
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(376 MHz, CDCl3) δ -113.45; HRMS (ESI+) Calcd. For C21H23FNO3 ([M+H]+): 

356.1656, found: 356.1645. The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak AS-H, i-propanol/hexane = 10/90, flow rate 

1.0 mL/min, λ = 254 nm); tr = 7.87 and 13.54 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-(furan-2-yl)-2,3-dimethylpent-4-enoate (4j): 

 

Yield (86%); 28.1 mg; yellow oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -82.8 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.77-7.69 (m, 2H), 7.53-7.44 (m, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.33 (d, J = 1.3 Hz, 1H), 

6.81 (s, 1H), 6.36-6.29 (m, 2H), 6.20 (d, J = 3.2 Hz, 1H), 6.10 (dd, J = 15.8, 9.1 Hz, 

1H), 3.78 (s, 3H), 3.02-2.98 (m, 1H), 1.78 (s, 3H), 1.21 (d, J = 7.0 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 173.3, 166.7, 152.1, 141.9, 134.7, 131.4, 128.5, 128.4, 126.8, 

120.7, 111.1, 107.6, 62.7, 52.4, 44.5, 20.5, 15.6. HRMS (ESI+) Calcd. For C19H22NO4 

([M+H]+): 328.1534, found: 328.1543. The product was analyzed by HPLC to 

determine the enantiomeric excess: 97% ee (Chiralpak AS-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 10.00 and 21.11 min. 

 

Methyl (2R,3S,E)-2-benzamido-5-cyclohexyl-2,3-dimethylpent-4-enoate (4k): 

 

Yield (55%); 28.1 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -15.2 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.75 (d, J = 7.3 Hz, 2H), 7.50 (d, J = 7.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 6.76 (s, 1H), 

5.55 (dd, J = 15.4, 7.0 Hz, 1H), 5.35 (dd, J = 15.5, 9.1 Hz, 1H), 3.75 (s, 3H), 2.66-2.59 
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(m, 1H), 2.04-1.85 (m, 1H), 1.73 (s, 3H), 1.73-1.63 (m, 8H), 1.30-1.03 (m, 8H); 13C 

NMR (100 MHz, CDCl3) δ 173.1, 166.5, 140.1, 134.6, 131.5, 128.5, 127.6, 126.9, 61.9, 

52.2, 45.3, 40.7, 33.1, 33.0, 26.0, 25.9, 20.6, 15.7. HRMS (ESI+) Calcd. For C21H30NO3 

([M+H]+): 344.2220, found: 344.2212. The product was analyzed by HPLC to 

determine the enantiomeric excess: 86% ee (Chiralpak ID, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 230 nm); tr = 11.25 and 19.41 min. 

 

Methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-7-phenylhept-4-enoate (4l): 

 

Yield (78%); 28.4 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -13.1 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.76-7.69 (m, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.29-7.22 (m, 2H), 

7.16 (dd, J = 12.7, 7.2 Hz, 3H), 6.72 (s, 1H), 5.67-5.60 (m, 1H), 5.43 (dd, J = 15.3, 9.1 

Hz, 1H), 3.74 (s, 3H), 2.75-2.62 (m, 3H), 2.38-2.35 (m, 2H), 1.71 (s, 3H), 1.08 (d, J = 

7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.2, 166.6, 141.5, 134.6, 132.9, 131.5, 

130.8, 128.5, 128.33, 128.29, 126.8, 125.9, 62.0, 52.2, 45.0, 35.8, 34.2, 20.6, 15.7. 

HRMS (ESI+) Calcd. For C23H28NO3 ([M+H]+): 366.2064, found: 366.2055. The 

product was analyzed by HPLC to determine the enantiomeric excess: 93% ee 

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 210 nm); tr = 

7.99 and 9.27 min. 

 

Methyl (S,E)-4-((R)-4-methyl-5-oxo-2-phenyl-4,5-dihydrooxazol-4-yl)pent-2-

enoate (4m): 

 

Yield (82%); 23.5 mg; colourless oil; (Flash column chromatography eluent, petroleum 
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ether/ethyl acetate = 10/1); [α]28
D = +79.6 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ 8.04-8.01 (m, 2H), 7.59-7.55 (m, 1H), 7.53-7.46 (m, 2H), 7.02 (dd, J = 15.7, 9.4 Hz, 

1H), 5.98 (dd, J = 15.7, 0.7 Hz, 1H), 3.76 (s, 3H), 2.83-2.77 (m, 1H), 1.47 (s, 3H), 1.01 

(d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 180.2, 166.4, 160.5, 147.4, 132.8, 

128.8, 128.0, 125.6, 123.6, 71.6, 51.6, 43.8, 22.6, 15.0. HRMS (ESI+) Calcd. For 

C16H18NO4 ([M+H]+): 288.1230, found: 288.1222. The product was analyzed by HPLC 

to determine the enantiomeric excess: 87% ee (Chiralpak AS-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.64 and 6.08 min.  

 

III. Synthetic Transformations 

(1). Scale-up reaction 

 

 

In an Ar-filled glovebox, to a vial equipped with a magnetic stirring rod was added 

successively: Pd-L7 catalyst (0.2 mmol, 357 mg, 10 mol%), 1a (3 mmol, 525 mg, 1.5 

equiv.), CH2Cl2 (10 mL), 2a (2 mmol, 260 mg, 1.0 equiv.), and lastly Et3N (6 mmol, 

606 mg, 3.0 equiv.). Then HBF4·Et2O (0.2 mmol, 32.4 mg in 10 mL DCM) was added 

dropwise to the solution. Once starting material was consumed (monitored by TLC), 

the organic solvent was removed by rotary evaporation. The dr value was determined 

by 1H NMR analysis of the crude mixture and the residue was purified by column 

chromatography (petroleum ether/ethyl acetate = 10/1) to give the product as a colorless 

oil (573 mg, 94%). The product was analyzed by HPLC to determine the enantiomeric 

excess: 94% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 

220 nm); tr = 4.65 and 5.15 min. 

 

(2). Reduction of 3a4 
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To a solution of 3a (0.2 mmol, 61 mg) in THF (1 mL) was added NaBH4 (2 mmol, 

10 equiv.) at 0 oC. Then, H2O (1 mL) was added at the same temperature. The reaction 

mixture was allowed to stir at rt for 4 h. The solvent was removed by vacuo, and the 

residue was purified by column chromatography on silica column. 

 

N-((2R,3S,E)-1-hydroxy-2,3-dimethyl-5-phenylpent-4-en-2-yl)benzamide (5): 

 

Yield (99%); 61.8 mg; white solid; mp 110-112 oC; (Flash column chromatography 

eluent, petroleum ether/ethyl acetate = 1/1); [α]28
D = -75.3 (c 1.0, CHCl3); 

1H NMR 

(400 MHz, CDCl3) δ 7.72 (dd, J = 5.2, 3.3 Hz, 2H), 7.53-7.47 (m, 1H), 7.45-7.35 (m, 

4H), 7.31 (dd, J = 10.3, 4.7 Hz, 2H), 7.23 (ddd, J = 7.2, 3.8, 1.2 Hz, 1H), 6.58 (d, J = 

16.0 Hz, 1H), 6.35-6.28 (m, 2H), 5.11 (s, 1H), 3.89 (d, J = 11.9 Hz, 1H), 3.77 (d, J = 

11.9 Hz, 1H), 3.30-3.23 (m, 1H), 1.30 (s, 3H), 1.19 (d, J = 6.9 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 168.5, 137.2, 134.7, 131.72, 131.67, 130.6, 128.7, 128.5, 127.4, 126.8, 

126.2, 68.4, 61.8, 40.5, 19.6, 14.0. HRMS (ESI+) Calcd. For C20H24NO2 ([M+H]+): 

310.1802, found: 310.1796. The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak ID, i-propanol/hexane = 5/95, flow rate 1.0 

mL/min, λ = 254 nm); tr = 47.03 and 52.64 min. 

 

(3) RCM reaction of 3e5 

 

A solution of 3e (0.1 mmol, 36.3 mg) and Grubbs-II catalyst (0.01 mmol, 8.49 mg) 
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in DCM (2 mL) was refluxed in oil bath under nitrogen for 12 h. The solvent was 

removed by vacuo, and the residue was purified by column chromatography on silica 

column. 

 

Methyl (1R,2S)-1-benzamido-2-methylcyclopent-3-ene-1-carboxylate (6): 

 

Yield (70%); 18.1 mg; colourless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 3/1); [α]28
D = -16.3 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

7.80-7.75 (m, 2H), 7.54-7.49 (m, 1H), 7.47-7.40 (m, 2H), 6.66 (s, 1H), 5.70-5.63 (m, 

2H), 3.75 (s, 3H), 3.47-3.34 (m, 1H), 3.29-3.24 (m, 1H), 2.83-2.77 (m, 1H), 1.15 (d, J 

= 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.0, 167.2, 134.0, 131.7, 128.6, 127.0, 

126.9, 66.8, 52.7, 46.7, 43.6, 14.1. HRMS (ESI+) Calcd. For C15H18NO3 ([M+H]+): 

260.1281, found: 260.1272. The product was analyzed by HPLC to determine the 

enantiomeric excess: 99% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 

1.0 mL/min, λ = 220 nm); tr = 11.82 and 15.03 min. 

 

(4) Alcoholysis of 3a 

 

MeOH (1 mL) and K2CO3 (0.5 mmol) were added to the solution of 3a (0.1 mmol, 

30.5 mg), then the mixture was stirred at room temperature for 2 h. The solvent was 

removed by vacuo, and the residue was purified by column chromatography on silica 

column. 

 

Methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-5-phenylpent-4-enoate (7):  
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Yield (95%); 32.0 mg; colorless oil; (Flash column chromatography eluent, petroleum 

ether/ethyl acetate = 5/1); [α]28
D = -65.4 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) 

1H NMR (400 MHz, CDCl3) δ 7.71 (dd, J = 5.2, 3.3 Hz, 2H), 7.48-7.43 (m, 1H), 7.41-

7.33 (m, 4H), 7.33-7.28 (m, 2H), 7.26-7.20 (m, 1H), 6.86 (s, 1H), 6.52 (d, J = 15.8 Hz, 

1H), 6.17 (dd, J = 15.8, 9.3 Hz, 1H), 3.78 (s, 3H), 3.03-2.96 (m, 1H), 1.80 (s, 3H), 1.22 

(d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.3, 166.7, 136.7, 134.6, 132.4, 

131.5, 130.1, 128.52, 128.50, 127.6, 126.8, 126.3, 62.5, 52.4, 45.1, 20.5, 15.6. HRMS 

(ESI+) Calcd. For C21H24NO3 ([M+H]+): 338.1751, found: 338.1739. The product was 

analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak AS-H, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 8.32 and 17.15 min. 

The characterization data of compound 7 is in accordance with the reported data in the 

literature. 3 

 

IV. Proposed Catalytic Cycle 

Based on the experimental observations and literature results,6 a plausible reaction 

mechanism is proposed as follow. The chiral palladium complex A triggers the initial 

oxidative addition of Brønsted acid, affording hydrido-Pd(II) intermediate B, which 

undergoes migration insertion with 2a to give a π-allyl-Pd complex C. In the presence 

of Et3N, an intermolecular Tsuji-Trost allylation of intermediate C and azlactone 

proceeds to provide the final product 3a with exclusive regioselectivity and high 

diastereo-/enantioselectivity and to regenerate the chiral palladium complex A, which 

was involved in the next catalytic cycle. The achieved high diastereoselectivity in this 

case can be ascribed to the substrate control, and similar phenomenon was also 

observed in previous Mo- or Ir-catalyzed asymmetric allylations of azlactones reported 

by Prof. Trost (J. Am. Chem. Soc. 2002, 124, 7256-7257) and Prof. Hartwig (J. Am. 

Chem. Soc. 2013, 135, 2068-2071), respectively. The stereochemical outcome of this 
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reaction could be rationalized by the proposed transition state. Admittedly, the detailed 

mechanism of those asymmetric allylation reactions and the current Pd-catalyzed 

asymmetric hydroalkylation need to be further investigated. 

 

Scheme S1. Proposed catalytic cycle and rationale of the stereochemical outcome. 
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