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General Information. NMR spectra were taken with Bruker-300 spectrometer (300 

MHz for 1H NMR, 75.4 MHz for 13C NMR) and Bruker-400 spectrometer (400 MHz 

for 1H NMR, 100 MHz for 13C NMR) in CDCl3. Chemical shifts were recorded in 

ppm relative to the residue of CHCl3 in CDCl3 and coupling constants were reported 

in Hz. All reactions were carried out in oven-dried tubes. (NH4)2HPO4 was purchased 

from Sinopharm Chemical Reagent Co., Ltd; DPEphos was purchased from Acros 

Chemicals. MTBE was dried over sodium wire with benzophenone as indicator and 

distilled freshly before use. The enantioenriched propargylic mesylates were 

synthesized from the corresponding enantiopure propargylic alcohols, and used 

without further purification. Purification by column chromatography was performed 

using Haiyang (Shandong, China) silica gel (10-40 ). 
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Table S1 Pressure effect in DPEphos-assisted carboxylation of enantioenriched 
(S)-1a  

 

Entry X (psi) Yield% of (Ra)-2a a) Ee% of (Ra)-2a b) 

1 15 75 87 

2 40 74 86 

3 60 79 95 

4 80 76 96 

5 100 74 97 

6 200 82 97 

                    a) Isolated yield. b) ee value of the product as determined by HPLC. 
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Experimental details and analytical data  

(1) Preparation of (Ra)-benzyl 2-butyl-2,3-hexadienoate ((Ra)-2a) (zwl-1-92) 

 

Typical procedure 1: To a flame-dried Schlenk tube were added Pd(dba)2 (17.5 mg, 

0.03 mmol) and DPEphos (16.6 mg, 0.03 mmol). Then the tube was degassed and 

refilled with Ar for three times to ensure the complete exclusion of air. Freshly 

distilled MTBE (1 mL) was subsequently added under argon. The resulting Pd(0) 

mixture was stirred for 1 hour at room temperature. 

To a flame-dried tube filled with argon were added (S)-1a (218.2 mg, 1.0 mmol) / 

MTBE (0.5 mL), BnOH (1.0815 g, 10 mmol) / MTBE (0.5 mL) and (NH4)2HPO4 

(145.8 mg, 1.1 mmol). After the Pd(0) mixture was transferred by syringe to the tube, 

it was placed into the Parr reactor. The air in the reactor was replaced by CO gas three 

times sequentially, the Parr reactor was charged to 200 psi with CO gas. The mixture 

was stirred at room temperature till the reaction ended, then the gas was vented in the 

hood safely. The resulting mixture was diluted with Et2O (10 mL), washed with brine 

(10 mL), and dried over Na2SO4. After filtration and concentration under reduced 

pressure, the crude product was purified by flash chromatography on silica gel to 

afford (Ra)-2a (223.3 mg, 86%) as an oil [eluent: petroleum ether (b.p. 60-90 

oC)/ethyl ether = 250/1]: 98% ee (HPLC onditions: Regis (S,S) Whelk-O column, 

hexane/i-PrOH = 200/1, 0.5 mL/min, λ = 214 nm, tR (minor) = 16.1 min, tR (major) = 

18.1 min); [α]25
D = -38.5 (c = 1.17, CHCl3) [96% ee, [α]24

D = -38.0 (c = 1.17, 

CHCl3)]
[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.23 (m, 5 H, Ar-H), 5.63-5.54 (m, 

1 H, =CH), 5.22 (d, J = 12.6 Hz, 1 H, one proton from Bn), 5.14 (d, J = 12.9 Hz, 1 H, 

one proton from Bn), 2.32-2.18 (m, 2 H, CH2), 2.18-2.05 (m, 2 H, CH2), 1.50-1.27 (m, 

4 H, 2 x CH2), 1.04 (t, J = 7.2 Hz, 3 H, CH3), 0.90 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR 
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(75 MHz, CDCl3): δ = 209.8, 167.6, 136.4, 128.3, 127.8, 127.5, 101.1, 96.7, 66.1, 

30.3, 28.1, 22.2, 21.3, 13.9, 13.2. 

The following compounds ((Ra)-2b-(Ra)-2l and (Sa)-2m) in Table 4 were prepared 

according to this Typical Procedure 1. 

Reaction on gram scale: 

 

To a flame-dried Schlenk tube were added Pd(dba)2 (28.8 mg, 0.05 mmol) and 

DPEphos (27.9 mg, 0.05 mmol). Then the tube was degassed and refilled with Ar for 

three times to ensure the complete exclusion of air. Freshly distilled MTBE (2 mL) 

was subsequently added under argon. The resulting Pd(0) mixture was stirred for 1 

hour at room temperature. 

To a flame-dried tube filled with argon were added (NH4)2HPO4 (0.7260 g, 5.5 

mmol), (S)-1a (1.1021 g, 5 mmol) / MTBE (4 mL), and BnOH (5.4088 g, 50 mmol) / 

MTBE (4 mL). After the Pd(0) mixture was transferred by syringe to the tube, it was 

placed into the Parr reactor. The air in the reactor was replaced by CO gas three times 

sequentially, the Parr reactor was charged to 200 psi with CO gas. The mixture was 

stirred at room temperature till the reaction ended, then the gas was vented in the hood 

safely. The resulting mixture was diluted with Et2O (20 mL), washed with brine (20 

mL), and dried over Na2SO4. After filtration and concentration under reduced 

pressure, the crude product was purified by flash chromatography on silica gel to 

afford (Ra)-2a (1.1750 g, 90%) as an oil [eluent: petroleum ether (b.p. 60-90 oC)/ethyl 

ether = 250/1]: 96% ee (HPLC onditions: Regis (S,S) Whelk-O column, 

hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR (minor) = 11.3 min, tR (major) = 

13.0 min); [α]21
D = -37.8 (c = 1.21, CHCl3) [96% ee, [α]24

D = -38.0 (c = 1.17, 

CHCl3)]
[1]; 1H NMR (300 MHz, CDCl3): δ = 7.39-7.23 (m, 5 H, Ar-H), 5.63-5.54 (m, 

1 H, =CH), 5.22 (d, J = 12.6 Hz, 1 H, one proton from Bn), 5.14 (d, J = 12.6 Hz, 1 H, 
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one proton from Bn), 2.32-2.18 (m, 2 H, CH2), 2.18-2.06 (m, 2 H, CH2), 1.49-1.23 (m, 

4 H, 2 x CH2), 1.04 (t, J = 7.4 Hz, 3 H, CH3), 0.90 (t, J = 6.9 Hz, 3 H, CH3); 
13C NMR 

(75 MHz, CDCl3): δ = 209.8, 167.6, 136.5, 128.4, 127.8, 127.5, 101.1, 96.7, 66.1, 

30.3, 28.1, 22.2, 21.4, 13.9, 13.2. 

(2) Preparation of (Ra)-benzyl 2-butyl-2,3-hexadienoate ((Ra)-2a) (wyl-17-64) 

 

Typical procedure 2: To a flame-dried Schlenk tube were added Pd(dba)2 (17.3 mg, 

0.03 mmol) and DPEphos (16.8 mg, 0.03 mmol). Then the tube was degassed and 

refilled with Ar for three times to ensure the complete exclusion of air. Freshly 

distilled MTBE (1 mL) was subsequently added under argon. The resulting Pd(0) 

mixture was stirred for 1 hour at room temperature. 

To a flame-dried tube filled with argon were added (NH4)2HPO4 (144.9 mg, 1.1 

mmol), (S)-1a (218.9 mg, 1.0 mmol) / MTBE (0.5 mL), and BnOH (1.0808 g, 10 

mmol) / MTBE (0.5 mL). After the Pd(0) mixture was transferred by syringe to the 

tube, it was placed into the Parr reactor. The air in the reactor was replaced by CO gas 

three times sequentially, the Parr reactor was charged to 100 psi with CO gas. The 

mixture was stirred at room temperature till the reaction ended, then the gas was 

vented in the hood safely. The resulting mixture was diluted with Et2O (10 mL), 

washed with brine (10 mL), and dried over Na2SO4. After filtration and concentration 

under reduced pressure, the crude product was purified by flash chromatography on 

silica gel to afford (Ra)-2a (201.3 mg, 75%, 97% purity) as an oil [eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl ether = 250/1]: 97% ee (HPLC onditions: Regis (S,S) 

Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR (minor) = 10.8 

min, tR (major) = 12.5 min); [α]19
D = -38.2 (c = 1.25, CHCl3) [96% ee, [α]24

D = -38.0 

(c = 1.17, CHCl3)]
[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.25 (m, 5 H, Ar-H), 
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5.63-5.55 (m, 1 H, =CH), 5.22 (d, J = 12.9 Hz, 1 H, one proton from Bn), 5.15 (d, J = 

12.9 Hz, 1 H, one proton from Bn), 2.32-2.18 (m, 2 H, CH2), 2.18-2.06 (m, 2 H, CH2), 

1.48-1.28 (m, 4 H, 2 x CH2), 1.04 (t, J = 7.4 Hz, 3 H, CH3), 0.90 (t, J = 7.2 Hz, 3 H, 

CH3); 
13C NMR (75 MHz, CDCl3): δ = 209.8, 167.5, 136.4, 128.3, 127.8, 127.5, 

101.1, 96.7, 66.1, 30.2, 28.1, 22.2, 21.3, 13.8, 13.2. 

The following compounds ((Ra)-2j-(Ra)-2l and (Sa)-2n) in Table 4 were prepared 

according to this Typical Procedure 2. 

(3) Preparation of (Ra)-benzyl 2-methyl-2,3-hexadienoate ((Ra)-2b) (zwl-2-111) 

Et

MsO

Et

H COOBn

Pd(dba)2 (3 mol%)
DPEphos (3 mol%)
(NH4)2HPO4 (1.1 equiv)
BnOH (10 equiv)

MTBE (2 mL)

25 oC, CO 200 psi, 9 h(S)-1b
1 mmol
99% ee

O

PPh2 PPh2(Ra)-2b
69% (92% purity)
97% ee  

Following Typical procedure 1. The reaction of Pd(dba)2 (17.4 mg, 0.03 mmol), 

DPEphos (16.9 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.5 mg, 1.1 mmol), 

(S)-1b (176.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0811 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2b (162.3 mg, 69%, 92% purity) as an oil: 97% ee (HPLC 

conditions: Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 

214 nm, tR (minor) = 10.6 min, tR (major) = 12.3 min); [α]22
D = -62.4 (c = 1.40, CHCl3) 

[90% ee, [α]20
D = -65.6 (c = 1.17, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 

7.41-7.22 (m, 5 H, Ar-H), 5.57-5.48 (m, 1 H, =CH), 5.22 (d, J = 12.3 Hz, 1 H, one 

proton from Bn), 5.14 (d, J = 12.6 Hz, 1 H, one proton from Bn), 2.18-2.05 (m, 2 H, 

CH2 from Et), 1.89 (d, J = 3.0 Hz, 3 H, CH3 from Me), 1.03 (t, J = 7.5 Hz, 3 H, CH3 

from Et); 13C NMR (75 MHz, CDCl3): δ = 210.1, 167.8, 136.4, 128.4, 127.8, 127.5, 

96.1, 95.6, 66.2, 21.2, 15.2, 13.2. 

(4) Preparation of (Ra)-benzyl 2-propyl-2,3-hexadienoate ((Ra)-2c) (zwl-2-90) 
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Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.0 mg, 1.1 mmol), 

(S)-1c (205.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0800 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2c (213.3 mg, 85%, 98% purity) as an oil: 97% ee (HPLC 

conditions: Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 

214 nm, tR (minor) = 11.8 min, tR (major) = 13.5 min); [α]24
D = -44.3 (c = 1.22, CHCl3) 

[97% ee, [α]22
D = -44.2 (c = 1.08, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 

7.40-7.22 (m, 5 H, Ar-H), 5.63-5.53 (m, 1 H, =CH), 5.21 (d, J = 12.3 Hz, 1 H, one 

proton from Bn), 5.14 (d, J = 12.3 Hz, 1 H, one proton from Bn), 2.32-2.17 (m, 2 H, 

CH2), 2.17-2.05 (m, 2 H, CH2), 1.55-1.40 (m, 2 H, CH2), 1.04 (t, J = 7.2 Hz, 3 H, 

CH3), 0.93 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 209.9, 167.6, 

136.4, 128.4, 127.8, 127.5, 101.0, 96.7, 66.1, 30.5, 21.3, 13.6, 13.2. 

(5) Preparation of (Ra)-benzyl 2-n-hexyl-2,3-hexadienoate ((Ra)-2d) (zwl-2-47) 

 

Following Typical procedure 1. The reaction of Pd(dba)2 (17.4 mg, 0.03 mmol), 

DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.3 mg, 1.1 mmol), 

(S)-1d (246.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0814 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2d (240.1 mg, 84%) as an oil: 98% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 0.5 mL/min, λ = 214 nm, tR 

(minor) = 12.1 min, tR (major) = 13.8 min); [α]30
D = -33.6 (c = 1.48, CHCl3) [95% ee, 

[α]24
D = -33.3 (c = 1.21, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.24 (m, 5 
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H, Ar-H), 5.63-5.54 (m, 1 H, =CH), 5.22 (d, J = 12.9 Hz, 1 H, one proton from Bn), 

5.15 (d, J = 12.6 Hz, 1 H, one proton from Bn), 2.32-2.18 (m, 2 H, CH2), 2.18-2.06 

(m, 2 H, CH2), 1.50-1.20 (m, 8 H, 4 x CH2), 1.04 (t, J = 7.4 Hz, 3 H, CH3), 0.88 (t, J = 

6.9 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 209.8, 167.6, 136.5, 128.4, 127.8, 

127.5, 101.2, 96.7, 66.1, 31.6, 28.8, 28.4, 28.1, 22.6, 21.4, 14.0, 13.3. 

(6) Preparation of (Ra)-benzyl 2-t-butyl-2,3-hexadienoate ((Ra)-2e) (zwl-1-176) 

Bu-t
Et

MsO

Et

H COOBn

Bu-t

Pd(dba)2 (3 mol%)
DPEphos (3 mol%)
(NH4)2HPO4 (1.1 equiv)
BnOH (10 equiv)

MTBE (2 mL)

25 oC, CO 200 psi, 6 h(S)-1e
1 mmol
99% ee

O

PPh2 PPh2

(Ra)-2e
84%
99% ee  

Following Typical procedure 1. The reaction of Pd(dba)2 (17.2 mg, 0.03 mmol), 

DPEphos (16.6 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.4 mg, 1.1 mmol), 

(S)-1e (218.5 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0807 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2e (216.8 mg, 84%) as an oil: 99% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200:1, 0.3 mL/min, λ = 214 nm, tR 

(minor) = 20.4 min, tR (major) = 22.2 min); [α]22
D = -43.1 (c = 1.70, CHCl3) [97% ee, 

[α]23
D = -38.4 (c = 1.01, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.37-7.22 (m, 5 

H, Ar-H), 5.55 (t, J = 6.2 Hz, 1 H, =CH), 5.19 (d, J = 12.9 Hz, 1 H, one proton from 

Bn), 5.12 (d, J = 12.9 Hz, 1 H, one proton from Bn), 2.16-2.05 (m, 2 H, CH2), 1.20 (s, 

9 H, 3 x CH3 from t-Bu), 1.03 (t, J = 7.5 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3): 

δ = 208.6, 166.5, 136.5, 128.3, 127.7, 127.3, 110.0, 96.5, 65.6, 33.0, 29.5, 21.3, 13.0. 

(7) Preparation of (Ra)-benzyl 2-(3-methylbutyl)-2,3-hexadienoate ((Ra)-2f) 

(wyl-16-113) 

 

   Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 
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DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (144.9 mg, 1.1 mmol), 

(S)-1f (232.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0807 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2f (220.4 mg, 81%) as an oil: 96% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 300/1, 0.7 mL/min, λ = 214 nm, tR 

(minor) = 19.1 min, tR (major) = 22.1 min); [α]24
D = -34.9 (c = 1.24, CHCl3) [94% ee, 

[α]22
D = -33.0 (c = 1.01, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.23 (m, 5 

H, Ar-H), 5.63-5.55 (m, 1 H, =CH), 5.22 (d, J = 12.6 Hz, 1 H, one proton from Bn), 

5.15 (d, J = 12.9 Hz, 1 H, one proton from Bn), 2.29-2.18 (m, 2 H, CH2), 2.18-2.06 

(m, 2 H, CH2), 1.66-1.51 (m, 1 H, CH), 1.37-1.24 (m, 2 H, CH2), 1.04 (t, J = 7.4 Hz, 3 

H, CH3), 0.89 (d, J = 6.6 Hz, 6 H, 2 x CH3); 
13C NMR (75 MHz, CDCl3): δ = 209.7, 

167.6, 136.4, 128.3, 127.8, 127.5, 101.3, 96.8, 66.1, 37.2, 27.5, 26.4, 22.5, 21.3, 13.2. 

(8) Preparation of (Ra)-benzyl 2-(4-chlorobutyl)-2,3-hexadienoate ((Ra)-2g) 

(wyl-16-116) 

  Following Typical procedure 1. The reaction of Pd(dba)2 (17.4 mg, 0.03 mmol), 

DPEphos (16.7 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.0 mg, 1.1 mmol), 

(S)-1g (253.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0807 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2g (240.2 mg, 82%) as an oil: 97% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 16.8 min, tR (major) = 18.8 min); [α]27
D = -29.7 (c = 1.10, CHCl3) [95% ee, 

[α]22
D = -29.3 (c = 1.17, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.23 (m, 5 

H, Ar-H), 5.66-5.58 (m, 1 H, =CH), 5.22 (d, J = 12.6 Hz, 1 H, one proton from Bn), 

5.15 (d, J = 12.6 Hz, 1 H, one proton from Bn), 3.53 (t, J = 6.8 Hz, 2 H, CH2), 

2.36-2.19 (m, 2 H, CH2), 2.19-2.07 (m, 2 H, CH2), 1.90-1.74 (m, 2 H, CH2), 1.68-1.53 

(m, 2 H, CH2), 1.05 (t, J = 7.4 Hz, 3 H, CH3 from Et); 13C NMR (75 MHz, CDCl3): δ 
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= 209.7, 167.4, 136.3, 128.4, 127.9, 127.5, 100.5, 97.2, 66.2, 44.7, 31.9, 27.6, 25.3, 

21.3, 13.2. 

(9) Preparation of (Ra)-benzyl 2-(2-phenylethyl)-2,3-hexadienoate ((Ra)-2h) 

(zwl-1-114) 

 
  Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.6 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.5 mg, 1.1 mmol), 

(S)-1h (266.4 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0813 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2h (232.2 mg, 76%) as an oil: 98% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 300/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 26.0 min, tR (major) = 29.0 min); [α]26
D = -14.4 (c = 1.50, CHCl3) [92% ee, 

[α]24
D = -13.8 (c = 1.48, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.45-7.10 (m, 

10 H, Ar-H), 5.59-5.50 (m, 1 H, =CH), 5.22 (d, J = 12.9 Hz, 1 H, one proton from Bn), 

5.15 (d, J = 12.6 Hz, 1 H, one proton from Bn), 2.83-2.68 (m, 2 H, CH2), 2.68-2.47 

(m, 2 H, CH2), 2.10-1.96 (m, 2 H, CH2), 0.96 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 

MHz, CDCl3): δ = 209.9, 167.2, 141.4, 136.3, 128.4, 128.3, 128.2, 127.8, 127.5, 

125.8, 100.3, 97.0, 66.1, 34.3, 30.2, 21.2, 13.1. 

(10) Preparation of (Ra)-benzyl 2-(2-proprylenyl)-2,3-hexadienoate ((Ra)-2i) 

(zwl-2-142) 

 

Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.0 mg, 1.1 mmol), 
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(S)-1i (202.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0809 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2i (198.7 mg, 82%) as an oil: 98% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 12.9 min, tR (major) = 15.0 min); [α]21
D = -41.7 (c = 1.57, CHCl3) [91% ee, 

[α]26
D = -38.0 (c = 1.21, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.25 (m, 5 

H, Ar-H), 5.91-5.75 (m, 1 H, CH=), 5.67-5.59 (m, 1 H, =CH), 5.22 (d, J = 12.9 Hz, 1 

H, one proton from Bn), 5.15 (d, J = 12.9 Hz, 1 H, one proton from Bn), 5.13-4.99 (m, 

2 H, =CH2), 3.09-2.93 (m, 2 H, CH2), 2.18-2.06 (m, 2 H, CH2), 1.03 (t, J = 7.4 Hz, 3 

H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.1, 167.0, 136.3, 135.2, 128.3, 127.8, 

127.5, 116.0, 99.6, 97.1, 66.2, 33.1, 21.2, 13.1. 

(11) Preparation of (Ra)-benzyl 2-n-heptyl-2,3-pentadienoate ((Ra)-2j) (zwl-1-129) 

 

Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (17.0 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.5 mg, 1.1 mmol), 

(S)-1j (246.6 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0820 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2j (229.3 mg, 80%) as an oil: 98% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 0.5 mL/min, λ = 214 nm, tR 

(minor) = 14.2 min, tR (major) = 17.0 min); [α]26
D = -29.8 (c = 1.24, CHCl3) [93% ee, 

[α]23
D = -27.0 (c = 1.15, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.43-7.23 (m, 5 

H, Ar-H), 5.56-5.44 (m, 1 H, =CH), 5.18 (s, 2 H, CH2 from Bn), 2.32-2.13 (m, 2 H, 

CH2), 1.76 (d, J = 7.2 Hz, 3 H, CH3), 1.52-1.16 (m, 10 H, 5 x CH2), 0.88 (t, J = 6.3 Hz, 

3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.7, 167.5, 136.4, 128.4, 127.8, 127.6, 

100.0, 89.7, 66.1, 31.8, 29.1, 29.0, 28.4, 28.0, 22.6, 14.1, 13.3. 

(12) Preparation of (Ra)-benzyl 2-n-heptyl-2,3-pentadienoate ((Ra)-2j) (wyl-17-62) 
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Following Typical procedure 2. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.7 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.5 mg, 1.1 mmol), 

(S)-1j (246.9 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0807 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2j (234.8 mg, 82%) as an oil: 97% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 10.2 min, tR (major) = 12.2 min); [α]19
D = -29.5 (c = 0.97, CHCl3) [93% ee, 

[α]23
D = -27.0 (c = 1.15, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.25 (m, 5 

H, Ar-H), 5.55-5.45 (m, 1 H, =CH), 5.18 (s, 2 H, CH2 from Bn), 2.32-2.14 (m, 2 H, 

CH2), 1.76 (d, J = 6.9 Hz, 3 H, CH3), 1.50-1.15 (m, 10 H, 5 x CH2), 0.88 (t, J = 6.8 Hz, 

3 H, CH3); 
13C NMR (100 MHz, CDCl3): δ = 210.7, 167.6, 136.4, 128.4, 127.8, 127.6, 

99.9, 89.7, 66.1, 31.8, 29.1, 29.0, 28.4, 28.0, 22.6, 14.1, 13.3. 

(13) Preparation of (Ra)-benzyl 2-butyl-2,3-undecadienoate ((Ra)-2k) (zwl-2-95) 

 
Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.0 mg, 1.1 mmol), 

(S)-1k (288.6 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0809 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2k (276.1 mg, 84%) as an oil: 96% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 10.3 min, tR (major) = 11.9 min); [α]21
D = -43.3 (c = 1.06, CHCl3) [94% ee, 

[α]24
D = -42.6 (c = 1.32, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.21 (m, 5 

H, Ar-H), 5.58-5.47 (m, 1 H, =CH), 5.21 (d, J = 12.9 Hz, 1 H, one proton from Bn), 
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5.15 (d, J = 12.9 Hz, 1 H, one proton from Bn), 2.33-2.15 (m, 2 H, CH2), 2.10 (q, J = 

7.1 Hz, 2 H, CH2), 1.51-1.12 (m, 14 H, 7 x CH2), 0.90 (t, J = 7.4 Hz, 3 H, CH3), 0.88 

(t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.0, 167.6, 136.4, 128.4, 

127.8, 127.6, 100.4, 95.1, 66.1, 31.7, 30.3, 29.05, 28.97, 28.2, 28.1, 22.6, 22.2, 14.1, 

13.9. 

(14) Preparation of (Ra)-benzyl 2-butyl-2,3-undecadienoate ((Ra)-2k) (wyl-17-61) 

 
Following Typical procedure 2. The reaction of Pd(dba)2 (17.4 mg, 0.03 mmol), 

DPEphos (16.6 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.0 mg, 1.1 mmol), 

(S)-1k (288.9 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0811 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2k (272.5 mg, 83%) as an oil: 96% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 9.3 min, tR (major) = 11.1 min); [α]21
D = -43.3 (c = 1.03, CHCl3) [94% ee, 

[α]24
D = -42.6 (c = 1.32, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.24 (m, 5 

H, Ar-H), 5.56-5.47 (m, 1 H, =CH), 5.21 (d, J = 12.9 Hz, 1 H, one proton from Bn), 

5.15 (d, J = 13.2 Hz, 1 H, one proton from Bn), 2.30-2.15 (m, 2 H, CH2), 2.10 (q, J = 

7.2 Hz, 2 H, CH2), 1.49-1.17 (m, 14 H, 7 x CH2), 0.90 (t, J = 7.2 Hz, 3 H, CH3), 0.88 

(t, J = 7.4 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.0, 167.6, 136.4, 128.3, 

127.8, 127.6, 100.4, 95.1, 66.1, 31.7, 30.3, 29.04, 28.96, 28.2, 28.1, 22.6, 22.2, 14.1, 

13.9. 

(15) Preparation of (Ra)-benzyl 2-butyl-6-methyl-2,3-heptadienoate ((Ra)-2l) 

(wyl-16-154) 
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Following Typical procedure 1. The reaction of Pd(dba)2 (17.4 mg, 0.03 mmol), 

DPEphos (16.7 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.6 mg, 1.1 mmol), 

(S)-1l (246.6 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0817 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2l (243.7 mg, 81%, 95% purity) as an oil: 97% ee (HPLC 

conditions: Regis (S,S) Whelk-O column, hexane/i-PrOH = 400/1, 0.5 mL/min, λ = 

214 nm, tR (minor) = 14.9 min, tR (major) = 16.9 min); [α]22
D = -42.2 (c = 1.75, CHCl3) 

[97% ee, [α]24
D = -42.5 (c = 1.13, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 

7.41-7.21 (m, 5 H, Ar-H), 5.51-5.41 (m, 1 H, =CH), 5.19 (d, J = 12.3 Hz, 1 H, one 

proton from Bn), 5.13 (d, J = 12.6 Hz, 1 H, one proton from Bn), 2.30-2.18 (m, 2 H, 

CH2), 1.99 (t, J = 7.2 Hz, 2 H, CH2), 1.78-1.60 (m, 1 H, CH), 1.50-1.25 (m, 4 H, 2 x 

CH2), 0.97-0.77 (m, 9 H, 3 x CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.3, 167.6, 

136.3, 128.3, 127.8, 99.7, 93.5, 66.2, 37.4, 30.2, 28.4, 28.2, 22.14, 22.09, 13.8. 

(16) Preparation of (Ra)-benzyl 2-butyl-6-methyl-2,3-heptadienoate ((Ra)-2l) 

(wyl-17-60) 

 

Following Typical procedure 2. The reaction of Pd(dba)2 (17.2 mg, 0.03 mmol), 

DPEphos (16.6 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (146.0 mg, 1.1 mmol), 

(S)-1l (247.0 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0820 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Ra)-2l (240.3 mg, 84%) as an oil: 98% ee (HPLC conditions: 

Regis (S,S) Whelk-O column, hexane/i-PrOH = 400/1, 1.0 mL/min, λ = 214 nm, tR 
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(minor) = 9.4 min, tR (major) = 10.7 min); [α]19
D = -42.2 (c = 1.32, CHCl3) [97% ee, 

[α]24
D = -42.5 (c = 1.13, CHCl3)]

[1]; 1H NMR (300 MHz, CDCl3): δ = 7.40-7.24 (m, 5 

H, Ar-H), 5.51-5.41 (m, 1 H, =CH), 5.20 (d, J = 12.3 Hz, 1 H, one proton from Bn), 

5.14 (d, J = 12.6 Hz, 1 H, one proton from Bn), 2.30-2.15 (m, 2 H, CH2), 2.00 (t, J = 

7.2 Hz, 2 H, CH2), 1.77-1.61 (m, 1 H, CH), 1.50-1.27 (m, 4 H, 2 x CH2), 0.97-0.82 (m, 

9 H, 3 x CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.3, 167.6, 136.3, 128.3, 127.8, 

99.7, 93.5, 66.2, 37.4, 30.2, 28.4, 28.2, 22.2, 22.1, 13.9. 

(17) Preparation of (Sa)-benzyl 2-pentyl-5-methyl-2,3-hexadienoate ((Sa)-2m) 

(zwl-1-158) 

 

Following Typical procedure 1. The reaction of Pd(dba)2 (17.3 mg, 0.03 mmol), 

DPEphos (16.8 mg, 0.03 mmol) / MTBE (1 mL), (NH4)2HPO4 (145.5 mg, 1.1 mmol), 

(R)-1m (246.5 mg, 1 mmol) / MTBE (0.5 mL), BnOH (1.0808 g, 10 mmol) / MTBE 

(0.5 mL) afforded (Sa)-2m (214.9 mg, 75%) as an oil: 99% ee (HPLC conditions: 

Regis (S, S) Whelk-O column, hexane/i-PrOH = 200/1, 0.5 mL/min, λ = 214 nm, tR 

(minor) = 19.9 min, tR (major) = 21.9 min); [α]21
D = -39.3 (c = 1.22, CHCl3);

 1H NMR 

(300 MHz, CDCl3): δ = 7.40-7.22 (m, 5 H, Ar-H), 5.58-5.50 (m, 1 H, =CH), 5.23 (d, J 

= 12.9 Hz, 1 H, one proton from Bn), 5.12 (d, J = 13.2 Hz, 1 H, one proton from Bn), 

2.52-2.34 (m, 1 H, CH), 2.33-2.15 (m, 2 H, CH2), 1.52-1.23 (m, 6 H, 3 x CH2), 1.05 

(d, J = 6.9 Hz, 6 H, 2 x CH3), 0.88 (t, J = 6.9 Hz, 3 H, CH3); 
13C NMR (75 MHz, 

CDCl3): δ = 208.8, 167.5, 136.4, 128.3, 127.8, 127.5, 102.2, 101.6, 66.1, 31.3, 28.3, 

28.1, 27.8, 22.4, 22.34, 22.31, 14.0; MS (ESI m/z): 341 (M+Na+MeOH)+, 325 

(M+K)+, 309 (M+Na)+, 287 (M+H)+; IR (neat): v = 2967, 1956, 1711, 1253, 1193, 

1121, 1057 cm-1; HRMS calcd. for C19H26O2 [M
+]: 286.1933, found: 286.1935. 

(18) Preparation of (Ra)-benzyl 2-butyl-2,3-octadienoate (wyl-16-65) 
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To a flame-dried Schlenk bottle (50 mL) were added [(π-allyl)PdCl]2 (3.8 mg, 0.01 

mmol) and (R)-ECNU-Phos (33.3 mg, 0.04 mmol). After addition of each of 

chemical, the bottle was degassed and refilled with Ar for three times to ensure the 

complete exclusion of air. Then freshly distilled toluene (2 mL) was added under 

argon. The resulting mixture was stirred for 1 hour at room temperature, which was 

followed by the addition of anhydrous LiF (28.5 mg, 1.1 mmol) (kept in a glove box) 

and (±)-1a (302.6 mg, 1.0 mmol)/toluene (3 mL) sequentially. The mixture was then 

frozen with a liquid nitrogen bath, degassed to remove the argon inside completely, 

and refilled with CO by a balloon of CO (about 1 L) for three times. Then the 

resulting mixture was stirred at 25 oC for 24 h. After that, the resulting mixture was 

diluted with 20 mL of Et2O, washed with brine (20 mL), and dried over anhydrous 

Na2SO4. The resulting mixture was filtered through a short pad of silica gel (1.5 cm) 

eluted with Et2O (20 mL), and concentrated. The residue was purified by 

chromatography on silica gel to afford (Ra)-benzyl 2-butyl-2,3-octadienoate (126.8 

mg, 44%; 37% recovery determined by 1H NMR spectrum using 

1,3,5-trimethylbenzene as internal standard) as an oil [eluent: petroleum ether (b.p. 

60-90 oC)/ethyl ether = 250/1]: 87% ee (Regis (S,S) Whelk-O column, hexane/i-PrOH 

= 200/1, 1.0 mL/min, λ = 214 nm, tR(minor) = 12.5 min, tR(major) = 14.6 min); [α]30
D 

= -21.4 (c = 1.10, CHCl3); 
1H NMR (300 MHz, CDCl3): δ = 7.42-7.23 (m, 5 H, Ar-H), 

5.56-5.46 (m, 1 H, =CH), 5.21 (d, J = 12.6 Hz, 1 H, one proton from Bn), 5.14 (d, J = 

12.6 Hz, 1 H, one proton from Bn), 2.34-2.15 (m, 2 H, CH2), 2.10 (q, J = 7.0 Hz, 2 H, 

CH2), 1.50-1.24 (m, 8 H, 4 x CH2), 0.90 (t, J = 7.1 Hz, 3 H, CH3), 0.87 (t, J = 7.2 Hz, 

3 H, CH3); 
13C NMR (75 MHz, CDCl3): δ = 210.0, 167.6, 136.4, 128.3, 127.8, 127.6, 

100.4, 95.0, 66.1, 31.0, 30.2, 28.1, 27.7, 22.2, 22.0, 13.9, 13.8; MS (ESI m/z): 341 
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(M+Na+MeOH)+, 309 (M+Na)+; IR (neat): v = 2970, 2925, 2903, 1957, 1711, 1262, 

1054 cm-1; HRMS calcd. for C19H26O2 [M
+]: 286.1933, found: 286.1932. 

 

Reference： 

1. Wang, Y.; Ma, S. Adv. Synth. Catal. 2013, 355, 741. 
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