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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, 

br s = broad single, coupling constant(s) in Hz, integration). Commercially obtained reagents were used 

without further purification. Solvents were purified prior to use according to the standard methods. 

Unless otherwise noted, all reactions were carried out under nitrogen atmosphere. The enantiomeric 

excesses (ee) of the products were determined by high-performance liquid chromatography (HPLC) 

analysis performed on Agilent 1200 Series chromatographs using a Diacel chiral column (25 cm). 

Optical rotations were measured on an Rudolph Research Analytical Autopol VI polarimeter with [α]D 

values reported in degrees; concentration (c) is in g/100 mL. All reactions were reacted under Ar2 

atmosphere. Allylic carbonates 2 were prepared according to the literature procedure.1 Chiral ligands 

(Ra,R,R)-SL1 (L2) and (Ra,R,R)-SL7 (L3) were prepared according to the literature procedure.2 The 

absolute configuration of (S,S)-7j, (S,R,S)-8A, meso-(S,s,R)-7d, and (3S,4S,5R)-(S)-12 were determined 

by X-ray analysis. 

 

II. General Procedure for Synthesis of Gem-Allylic Cyanoacetates 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-SL1 (L2) (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 
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mL). The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents were removed 

under vacuum to give a pale yellow solid. allylic carbonates (0.44 mmol), Cyanoacetates (0.20 mmol), 

Cs2CO3 (0.40 mmol), DCM (2 mL) were then added, reacted at room temperature. Once starting 

material was consumed (monitored by TLC), the mixture was added water, and extracted with 

dichloromethane (3×). The dichloromethane layers were dried over anhydrous Na2SO4, filtered, and 

evaporated to give crude 7, and dr was determined by crude 1H NMR. The crude product was purified by 

silica-gel column chromatography to give 7. 

 

 

tert-butyl (R)-2-cyano-3-phenyl-2-((R)-1-phenylallyl)pent-4-enoate (7a): Yield (97%); white solid, 

mp 92–94 °C; []25
D = -108.66 (c 1.64, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.40 (m, 

2H), 7.35 – 7.26 (m, 7H), 7.25 – 7.21 (m, 1H), 6.64 (ddd, J = 17.0, 10.1 Hz, 9.9 Hz, 1H), 6.20 (ddd, J = 

16.9, 10.2, 9.3 Hz, 1H), 5.31 (dd, J = 10.2, 1.6 Hz, 1H), 5.22 (dd, J = 17.0, 1.4 Hz, 1H), 5.20 (dd, J = 

10.1, 1.6 Hz, 1H), 5.13 (dd, J = 16.9, 1.4 Hz, 1H), 3.91 (d, J = 9.3 Hz, 1H), 3.83 (d, J = 9.9 Hz, 1H), 

0.99 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.4, 138.8, 138.4, 134.6, 134.3, 129.09, 129.06, 

128.49, 128.45, 127.9, 127.6, 119.7, 119.6, 118.5, 84.0, 58.6, 55.3, 53.4, 27.2.; HRMS (ESI+) Calcd. For 

C25H27NNaO2
+ ([M+Na]+): 396.1934, found: 396.1923. >20:1 dr. The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 1.0 

mL/min, λ = 220 nm); tr = 5.78 and 6.61 min. 

 

 

tert-butyl (R)-2-cyano-3-(4-fluorophenyl)-2-((R)-1-(4-fluorophenyl)allyl)pent-4-enoate (7b): Yield 

(97%); pale yellow solid, mp 54–56 °C; []25
D = -87.68 (c 1.25, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.42 – 7.36 (m, 2H), 7.32 – 7.27 (m, 2H), 7.04 – 6.94 (m, 4H), 6.59 (ddd, J = 17.2, 10.0, 
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10.0 Hz, 1H), 6.17 (ddd, J = 17.2, 10.2, 9.2 Hz, 1H), 5.32 (dd, J = 10.0, 1.2 Hz, 1H), 5.23 (dd, J = 10.4, 

1.2 Hz, 1H), 5.20 (dd, J = 17.2, 1.0 Hz, 1H), 5.13 (dd, J = 17.2, 1.0 Hz, 1H), 3.90 (d, J = 9.2 Hz, 1H), 

3.81 (d, J = 10.0 Hz, 1H), 1.03 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.3, 162.3 (d, J = 246 

Hz), 162.2 (d, J = 245 Hz), 134.5 (d, J = 3 Hz), 134.14, 134.10 (d, J = 3 Hz), 133.8, 130.7 (d, J = 7 Hz), 

130.6 (d, J = 8 Hz), 120.0, 119.9, 118.2, 115.4 (d, J = 21 Hz), 115.3 (d, J = 22 Hz), 84.3, 58.7, 54.3, 52.5, 

27.2.; 19F NMR (376 MHz, Chloroform-d) δ -114.16 – -114.39 (m), -114.46 – -114.71 (m). HRMS 

(APCI+) Calcd. For C25H26F2NO2
+ ([M+H]+): 410.1926, found: 410.1922. >20:1 dr. The product was 

analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 

2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.28 and 5.72 min. 

 

 

tert-butyl (R)-3-(4-chlorophenyl)-2-((R)-1-(4-chlorophenyl)allyl)-2-cyanopent-4-enoate (7c): Yield 

(96%); white solid, mp 58–60 °C; []25
D = -120.96 (c 1.46, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) 

δ 7.37 – 7.33 (m, 2H), 7.32 – 7.26 (m, 5H), 7.26 – 7.24 (m, 1H), 6.56 (ddd, J = 17.0, 10.0 Hz, 10.0 Hz, 

1H), 6.15 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.33 (dd, J = 10.2, 1.5 Hz, 1H), 5.24 (dd, J = 10.2, 1.5 Hz, 

1H), 5.21 (dd, J = 16.9, 1.2 Hz, 1H), 5.14 (dd, J = 16.9, 1.2 Hz, 1H), 3.88 (d, J = 9.4 Hz, 1H), 3.79 (d, J 

= 10.0 Hz, 1H), 1.04 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.1, 137.1, 136.7, 133.9, 133.7, 

133.5, 130.4, 130.4, 128.7, 128.6, 120.28, 120.25, 118.1, 84.6, 58.3, 54.5, 52.6, 27.2.; HRMS (ESI+) 

Calcd. For C25H25NNaO2
+ ([M+Na]+): 464.1155, found: 464.1133. >20:1 dr. The product was analyzed 

by HPLC to determine the enantiomeric excess: 98% ee (Chiralpak ID, i-propanol/hexane = 2/98, flow 

rate 1.0 mL/min, λ = 220 nm); tr = 4.95 and 5.94 min. 
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tert-butyl (R)-3-(4-bromophenyl)-2-((R)-1-(4-bromophenyl)allyl)-2-cyanopent-4-enoate (7d): Yield 

(99%); white solid, mp 98–100 °C; []25
D = -114.83 (c 1.51, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.46 – 7.40 (m, 4H), 7.31 – 7.26 (m, 2H), 7.22 – 7.17 (m, 2H), 6.56 (ddd, J = 17.0, 10.0 

Hz, 10.0 Hz, 1H), 6.15 (ddd, J = 16.9, 10.2, 9.3 Hz, 1H), 5.32 (dd, J = 10.1, 1.5 Hz, 1H), 5.24 (dd, J = 

10.1, 1.2 Hz, 1H), 5.20 (dd, J = 16.9, 1.0 Hz, 1H), 5.14 (dd, J = 16.9, 1.0 Hz, 1H), 3.87 (d, J = 9.3 Hz, 

1H), 3.77 (d, J = 10.0 Hz, 1H), 1.04 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.1, 137.6, 137.2, 

133.8, 133.5, 131.7, 131.6, 130.8, 130.7, 122.0, 121.8, 120.4, 120.3, 118.1, 84.6, 58.2, 54.6, 52.7, 27.3.; 

HRMS (APCI+) Calcd. For C25H26Br2NO2
+ ([M+H]+): 530.0325, found: 530.0337. >20:1 dr. The 

product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.021 and 7.65 min. 

 

 

tert-butyl (R)-2-cyano-3-(4-(trifluoromethyl)phenyl)-2-((R)-1-(4-(trifluoromethyl)phenyl)allyl)pent 

-4-enoate (7e): Yield (91%); pale yellow solid, mp 59–61 °C; []25
D = -88.82 (c 0.93, CH2Cl2); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.61 – 7.54 (m, 6H), 7.46 (d, J = 8.2 Hz, 2H), 6.61 (ddd, J = 17.0, 

10.0 Hz, 10.0 Hz, 1H), 6.19 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.38 (dd, J = 10.2, 1.4 Hz, 1H), 5.262 (dd, 

J = 10.2, 1.4 Hz, 1H), 5.257 (dd, J = 16.9, 1.0 Hz, 1H), 5.17 (dd, J = 16.9, 1.0 Hz, 1H), 3.99 (d, J = 9.4 

Hz, 1H), 3.90 (d, J = 10.0 Hz, 1H), 0.99 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 164.9, 142.5, 

142.1, 133.3, 133.1, 130.3 (q, J = 32 Hz), 130.1 (q, J = 34 Hz), 129.51, 129.49, 125.5 (q, J = 4 Hz), 

125.4 (q, J = 4 Hz), 123.93 (q, J = 271 Hz), 123.90 (q, J = 271 Hz), 121.0, 120.8, 117.9, 84.9, 58.0, 54.9, 

53.1, 27.1.; 19F NMR (376 MHz, Chloroform-d) δ -62.67, -62.77. HRMS (APCI+) Calcd. For 

C27H26F6NO2
+ ([M+H]+): 510.1862, found: 510.1875. >20:1 dr. The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 1.0 

mL/min, λ = 220 nm); tr = 4.14 and 4.71 min. 
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tert-butyl (R)-2-cyano-3-(p-tolyl)-2-((R)-1-(p-tolyl)allyl)pent-4-enoate (7f): Yield (99%); pale yellow 

syrupy liquid; []25
D = -118.70 (c 0.58, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.31 – 7.27 (m, 

2H), 7.22 – 7.18 (m, 2H), 7.13 – 7.06 (m, 4H), 6.60 (ddd, J = 17.0, 10.0 Hz, 10.0 Hz, 1H), 6.19 (ddd, J = 

16.9, 10.2, 9.4 Hz, 1H), 5.28 (dd, J = 10.2, 1.6 Hz, 1H), 5.19 (dd, J = 17.0, 1.5 Hz, 1H), 5.18 (dd, J = 

10.0, 1.6 Hz, 1H), 5.12 (dd, J = 16.9, 1.5, 1H), 3.87 (d, J = 9.4 Hz, 1H), 3.77 (d, J = 10.0 Hz, 1H), 2.32 

(s, 3H), 2.29 (s, 3H), 1.02 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.5, 137.5, 137.2, 135.8, 

135.5, 134.9, 134.6, 129.2, 129.0, 128.92, 128.85, 119.33, 119.28, 118.6, 83.8, 58.7, 55.0, 53.0, 27.2, 

21.1, 21.0.; HRMS (ESI+) Calcd. For C27H31NNaO2
+ ([M+Na]+): 424.2247, found: 424.2238. >20:1 dr. 

The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.59 and 12.39 min. 

 

 

tert-butyl (R)-2-cyano-3-(4-methoxyphenyl)-2-((R)-1-(4-methoxyphenyl)allyl)pent-4-enoate (7g): 

Yield (81%); pale yellow syrupy liquid; []25
D = -126.00 (c 0.55, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.36 – 7.29 (m, 2H), 7.26 – 7.21 (m, 2H), 6.86 – 6.80 (m, 4H), 6.59 (ddd, J = 17.0, 10.1, 

10.0 Hz, 1H), 6.18 (ddd, J = 16.9, 10.2, 9.3 Hz, 1H), 5.28 (dd, J = 10.2, 1.7 Hz, 1H), 5.19 (dd, J = 10.1, 

1.5 Hz, 1H), 5.18 (dd, J = 17.0, 1.7 Hz, 1H), 5.11 (d, J = 16.9, 1.7 Hz, 1H), 3.86 (d, J = 9.3 Hz, 1H), 

3.79 (s, 3H), 3.78 (d, J = 10.0 Hz, 1H), 3.76 (s, 3H), 1.04 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 

165.6, 159.1, 159.0, 134.8, 134.5, 131.0, 130.6, 130.1, 130.0, 119.19, 119.16, 118.7, 113.83, 113.77, 

83.8, 59.1, 55.3, 55.2, 54.4, 52.6, 27.3.; HRMS (ESI+) Calcd. For C27H31NNaO4
+ ([M+Na]+): 456.2145, 

found: 456.2135. 18:1 dr. 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 = 238 nm); tr = 7.48 and 
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10.19 min. 

 

 

tert-butyl (R)-2-cyano-3-(3-fluorophenyl)-2-((R)-1-(3-fluorophenyl)allyl)pent-4-enoate (7h): Yield 

(95%); pale yellow syrupy liquid; []25
D = -94.44 (c 0.72, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) 

δ 7.33 – 7.28 (m, 1H), 7.26 – 7.24 (m, 1H), 7.21 (dt, J = 7.7, 1.5 Hz, 1H), 7.16 – 7.11 (m, 2H), 7.04 – 

6.92 (m, 3H), 6.57 (ddd, J = 17.0, 10.0, 9.9 Hz, 1H), 6.17 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.35 (dd, J = 

10.0, 1.5 Hz, 1H), 5.25 (dd, J = 10.2, 1.5 Hz, 1H), 5.23 (dd, J = 17.0, 1.5 Hz, 1H), 5.16 (dd, J = 16.9, 1.5 

Hz, 1H), 3.90 (d, J = 9.4 Hz, 1H), 3.81 (d, J = 9.9 Hz, 1H), 1.05 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 165.1, 162.62 (d, J = 245 Hz), 162.55 (d, J = 245 Hz), 140.9 (d, J = 7 Hz), 140.5 (d, J = 

7 Hz), 133.7, 133.4, 130.1 (d, J = 9 Hz), 130.0 (d, J = 8 Hz), 125.0 (d, J = 3 Hz), 124.7 (d, J = 3 Hz), 

120.4, 120.3, 118.0, 116.2 (d, J = 34 Hz), 115.9 (d, J = 34 Hz), 114.9 (d, J = 21 Hz), 114. (d, J = 29 Hz), 

114.6 (d, J = 29 Hz), 84.6, 58.2, 54.8 (d, J = 2 Hz), 52.9 (d, J = 2 Hz), 27.2.; 19F NMR (376 MHz, 

Chloroform-d) δ -112.48 – -112.59 (m), -112.59 – -112.68 (m). HRMS (ESI+) Calcd. For 

C25H25F2NNaO2
+ ([M+Na]+): 432.1746, found: 432.1740. 20:1 dr. The product was analyzed by HPLC 

to determine the enantiomeric excess: 99% ee (Chiralpak IE, i-propanol/hexane = 1/99, flow rate 1.0 

mL/min, λ = 238 nm); tr = 6.60 and 8.11 min. 

 

 

tert-butyl (R)-3-(3-chlorophenyl)-2-((R)-1-(3-chlorophenyl)allyl)-2-cyanopent-4-enoate (7i): Yield 

(86%); pale yellow solid, mp 78–80 °C; []25
D = -90.81 (c 0.74, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.36 (dt, J = 5.4, 2.1 Hz, 2H), 7.29 – 7.26 (m, 3H), 7.26 – 7.22 (m, 3H), 6.57 (ddd, J = 

17.0, 10.3, 10.0 Hz, 1H), 6.17 (ddd, J = 16.9, 10.2, 9.5 Hz, 1H), 5.35 (dd, J = 10.2, 1.5 Hz, 1H), 5.27 (dd, 

J = 10.3, 1.3 Hz, 1H), 5.22 (dd, J = 17.0, 1.5 Hz, 1H), 5.17 (dd, J = 16.9, 1.3 Hz, 1H), 3.88 (d, J = 9.5 
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Hz, 1H), 3.78 (d, J = 10.0 Hz, 1H), 1.07 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.0, 140.5, 

140.1, 134.3, 134.2, 133.7, 133.4, 129.9, 129.8, 129.5, 128.8, 128.1, 127.8, 127.6, 127.0, 120.5, 117.8, 

84.8, 58.2, 54.8, 52.9, 27.3.; HRMS (ESI+) Calcd. For C25H25Cl2NNaO2
+ ([M+Na]+): 464.1155, found: 

464.1156. 17:1 dr. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.98 and 7.84 min. 

 

 

tert-butyl (R)-3-(3-bromophenyl)-2-((R)-1-(3-bromophenyl)allyl)-2-cyanopent-4-enoate (7j): Yield 

(88%); pale yellow solid, mp 108–110 °C; []25
D = -82.36 (c 1.27, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.50 (t, J = 1.9 Hz, 1H), 7.44 – 7.37 (m, 4H), 7.30 (dt, J = 7.8, 1.4 Hz, 1H), 7.19 (dt, J 

= 11.0, 7.8 Hz, 2H), 6.56 (ddd, J = 17.0, 10.2, 10.0 Hz, 1H), 6.17 (ddd, J = 16.8, 10.1, 9.5 Hz, 1H), 5.34 

(dd, J = 10.2, 1.5 Hz, 1H), 5.27 (dd, J = 10.1, 1.4 Hz, 1H), 5.22 (dd, J = 16.9, 1.4 Hz, 1H), 5.17 (dd, J = 

16.9, 1.0 Hz, 1H), 3.86 (d, J = 9.5 Hz, 1H), 3.76 (d, J = 10.0 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 165.0, 140.8, 140.4, 133.6, 133.3, 132.3, 131.7, 131.1, 130.8, 130.1, 130.1, 128.0, 

127.4, 122.6, 122.4, 120.6, 120.5, 117.8, 84.9, 58.2, 54.8, 52.8, 27.3.; HRMS (APCI+) Calcd. For 

C25H26Br2NO2
+ ([M+H]+): 530.0325, found: 530.0313. 18:1 dr. The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 1/99, flow rate 1.0 

mL/min, λ = 220 nm); tr = 6.99 and 8.55 min. 

 

 

tert-butyl (R)-2-cyano-3-(m-tolyl)-2-((R)-1-(m-tolyl)allyl)pent-4-enoate (7k): Yield (93%); white 

solid, mp 82–84 °C; []25
D = -96.06 (c 0.66, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.26 (d, J = 

8.1 Hz, 1H), 7.22 – 7.16 (m, 3H), 7.15 – 7.10 (m, 2H), 7.08 (dd, J = 7.5, 1.3 Hz, 1H), 7.05 – 7.01 (m, 

1H), 6.63 (ddd, J = 16.9, 10.1, 9.9 Hz, 1H), 6.21 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.29 (dd, J = 10.1, 1.7 
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Hz, 1H), 5.201 (dd, J = 10.1, 1.5 Hz, 1H), 5.198 (dd, J = 16.9, 1.7 Hz, 1H), 5.13 (dd, J = 16.9, 1.5 Hz, 

1H), 3.87 (d, J = 9.4 Hz, 1H), 3.77 (d, J = 9.9 Hz, 1H), 2.32 (s, 3H), 2.30 (s, 3H), 1.01 (s, 9H). 13C NMR 

(101 MHz, Chloroform-d) δ 165.5, 138.7, 138.3, 138.0, 137.9, 134.8, 134.5, 129.9, 129.6, 128.6, 128.38, 

128.36, 128.2, 126.1, 125.9, 119.44, 119.39, 118.4, 83.8, 58.5, 55.3, 53.4, 27.2, 21.4, 21.3.; HRMS 

(ESI+) Calcd. For C27H31NNaO2
+ ([M+Na]+): 424.2247, found: 424.2238. >20:1 dr. The product was 

analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 

1/99, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.58 and 8.90 min. 

 

 

tert-butyl (R)-2-cyano-3-(3-methoxyphenyl)-2-((R)-1-(3-methoxyphenyl)allyl)pent-4-enoate (7l): 

Yield (92%); white solid, mp 103–105 °C; []25
D = -99.07 (c 0.75, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.24 – 7.20 (m, 1H), 7.20 – 7.16 (m, 1H), 7.03 – 6.99 (m, 1H), 6.97 – 6.92 (m, 2H), 

6.88 (t, J = 2.1 Hz, 1H), 6.83 – 6.76 (m, 2H), 6.60 (ddd, J = 17.0, 10.0, 10.0 Hz, 1H), 6.18 (ddd, J = 16.9, 

10.2, 9.3 Hz, 1H), 5.30 (dd, J = 10.0, 1.7 Hz, 1H), 5.21 (dd, J = 16.9, 1.2 Hz, 1H), 5.19 (dd, J = 10.2, 1.2 

Hz, 1H), 5.12 (dd, J = 17.0, 1.7 Hz, 1H), 3.87 (d, J = 9.3 Hz, 1H), 3.81 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H), 

3.78 (s, 3H), 1.04 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.4, 159.52, 159.48, 140.2, 139.7, 

134.5, 134.3, 129.44, 129.42, 121.34, 121.29, 119.6, 119.5, 115.0, 114.3, 113.6, 113.2, 84.0, 58.4, 55.3, 

55.21, 55.19, 53.5, 27.2.; HRMS (ESI+) Calcd. For C27H31NNaO4
+ ([M+Na]+): 456.2145, found: 

456.2138. 10:1 dr. The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.72 and 9.24 min. 

 

 

tert-butyl (R)-2-cyano-3-(3,4-dichlorophenyl)-2-((R)-1-(3,4-dichlorophenyl)allyl)pent-4-enoate (7m): 

Yield (98%); white solid, mp 64–66 °C; []25
D = -118.04 (c 0.56, CH2Cl2); 

1H NMR (400 MHz, 
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Chloroform-d) δ 7.45 (d, J = 2.1 Hz, 1H), 7.43 – 7.38 (m, 2H), 7.36 – 7.29 (m, 2H), 7.20 (dd, J = 8.4, 

2.2 Hz, 1H), 6.52 (ddd, J = 17.0, 10.0. 9.9 Hz, 1H), 6.14 (ddd, J = 16.8, 10.2, 9.5 Hz, 1H), 5.36 (dd, J = 

10.0, 1.4 Hz, 1H), 5.30 (dd, J = 10.2, 1.2 Hz, 1H), 5.22 (dd, J = 17.0, 1.4 Hz, 1H), 5.30 (dd, J = 16.8, 1.2 

Hz, 1H), 3.86 (d, J = 9.5 Hz, 1H), 3.75 (d, J = 9.9 Hz, 1H), 1.10 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 164.8, 138.5, 138.3, 133.1, 132.8, 132.7, 132.5, 132.2, 132.0, 131.3, 130.6, 130.54, 

130.46, 128.6, 128.1, 121.1, 121.0, 117.6, 85.3, 58.0, 54.1, 52.3, 27.3.; HRMS (ESI+) Calcd. For 

C25H23Cl4NNaO2
+ ([M+Na]+): 532.0375, found: 532.0360. >20:1 dr. The product was analyzed by 

HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 

1.0 mL/min, λ = 220 nm); tr = 5.07 and 6.66 min. 

 

 

tert-butyl (R)-2-cyano-3-(3,5-dichlorophenyl)-2-((R)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate (7n): 

Yield (97%); white solid, mp 88–90 °C; []25
D = -86.52 (c 0.69, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.30 (d, J = 2.0 Hz, 3H), 7.27 (t, J = 1.9 Hz, 1H), 7.19 (d, J = 1.8 Hz, 2H), 6.50 (ddd, J 

= 16.9, 10.1, 9.9 Hz, 1H), 6.13 (ddd, J = 16.9, 10.1, 9.6 Hz, 1H), 5.37 (dd, J = 10.1, 1.3 Hz, 1H), 5.33 

(dd, J = 10.1, 1.1 Hz, 1H), 5.23 (dd, J = 16.9, 1.3 Hz, 1H), 5.21 (dd, J = 16.9, 1.1 Hz, 1H), 3.85 (d, J = 

9.6 Hz, 1H), 3.72 (d, J = 9.9 Hz, 1H), 1.14 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 164.7, 141.5, 

141.2, 135.1, 135.0, 132.9, 132.5, 128.3, 128.0, 127.51, 127.49, 121.4, 121.3, 117.2, 85.5, 57.6, 54.5, 

52.5, 27.3.; HRMS (ESI+) Calcd. For C25H23Cl4NNaO2
+ ([M+Na]+): 532.0375, found: 532.0368. >20:1 

dr. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 210 nm); tr = 5.00 and 5.86 min. 
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tert-butyl (R)-2-cyano-3-(naphthalen-2-yl)-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate (7o): Yield 

(97%); white solid, mp 116–118 °C; []25
D = -155.41 (c 0.85, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.85 – 7.76 (m, 8H), 7.61 (dd, J = 8.6, 1.8 Hz, 1H), 7.51 – 7.43 (m, 5H), 6.79 (ddd, J = 

17.0, 10.0 Hz, 10.0 Hz, 1H), 6.35 (ddd, J = 16.9, 10.0 Hz, 9.8 Hz, 1H), 5.37 (dd, J = 10.2, 1.5 Hz, 1H), 

5.29 (dd, J = 17.0, 1.5 Hz, 1H), 5.23 (dd, J = 10.0, 1.2 Hz, 1H), 5.20 (dd, J = 16.9, 1.2 Hz, 1H), 4.17 (d, 

J = 10.0 Hz, 1H), 4.06 (d, J = 10.0 Hz, 1H), 0.84 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.6, 

136.1, 135.9, 134.5, 134.4, 133.3, 133.2, 132.9, 132.7, 128.3, 128.23, 128.20, 128.1, 128.0, 127.9, 127.6, 

127.5, 126.9, 126.7, 126.2, 126.12, 126.05, 126.0, 120.0, 119.8, 118.5, 84.1, 58.6, 55.5, 53.6, 27.1.; 

HRMS (ESI+) Calcd. For C33H31NNaO2
+ ([M+Na]+): 496.2247, found: 496.2242. >20:1 dr. The product 

was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane 

= 2/98, flow rate 1.0 mL/min, λ = 232 nm); tr = 10.70 and 21.76 min. 

 

 

tert-butyl (R)-2-cyano-3-(naphthalen-1-yl)-2-((R)-1-(naphthalen-1-yl)allyl)pent-4-enoate (7p): Yield 

(77%); white solid, mp 80–82 °C; []25
D = -123.58 (c 0.95, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) 

δ 8.41 (d, J = 8.7 Hz, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.88 (dt, J = 7.9, 1.9 Hz, 2H), 7.85 – 7.76 (m, 2H), 

7.75 – 7.64 (m, 2H), 7.62 – 7.51 (m, 3H), 7.49 – 7.37 (m, 4H), 6.64 (ddd, J = 16.7, 9.8. 9.5 Hz, 1H), 

6.06 (ddd, J = 16.9, 10.2, 9.2 Hz, 1H), 5.37 (dd, J = 16.7, 1.2 Hz, 1H), 5.36 (dd, J = 9.8, 1.2 Hz, 1H), 

5.21 (d, J = 9.5 Hz, 1H), 5.03 (d, J = 9.2 Hz, 1H), 4.83 (dd, J = 10.2, 1.2 Hz, 1H), 4.65 (dd, J = 16.9, 1.2 

Hz, 1H), 3.15 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 167.5, 135.5, 135.4, 134.8, 134.3, 134.1, 

133.9, 132.3, 130.7, 129.2, 128.9, 128.6, 128.1, 126.6, 126.3, 125.9, 125.8, 125.6, 125.3, 125.2, 125.1, 

122.6, 122.4, 119.4, 118.2, 118.1, 59.3, 52.7, 48.5, 46.0.; HRMS (ESI+) Calcd. For C30H25NNaO2
+ 

([M+Na]+): 454.1778, found: 454.1771. >20:1 dr. The product was analyzed by HPLC to determine the 

enantiomeric excess: 96% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 

nm); tr = 11.46 and 17.56 min. 
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tert-butyl (R)-2-cyano-3-(pyridin-3-yl)-2-((R)-1-(pyridin-3-yl)allyl)pent-4-enoate (7q): Yield (33%); 

pale yellow solid, mp 106–108 °C; []25
D = -112.50 (c 0.84, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 8.54 (ddt, J = 14.3, 4.8, 2.5 Hz, 4H), 7.88 (ddd, J = 8.0, 2.4, 1.6 Hz, 1H), 7.74 – 7.66 

(m, 1H), 7.30 – 7.24 (m, 2H), 6.60 (ddd, J = 17.0, 10.0, 9.9 Hz, 1H), 6.17 (ddd, J = 16.9, 10.2, 9.4 Hz, 

1H), 5.40 (dd, J = 10.2, 1.4 Hz, 1H), 5.28 (dd, J = 17.0, 1.0 Hz, 1H), 5.27 (dd, J = 10.0, 1.4 Hz, 1H), 

5.18 (dd, J = 16.9, 1.0 Hz, 1H), 3.97 (d, J = 9.4 Hz, 1H), 3.89 (d, J = 9.9 Hz, 1H), 1.04 (s, 9H). 13C 

NMR (101 MHz, Chloroform-d) δ 164.8, 150.5, 150.2, 149.3, 149.1, 136.4, 135.9, 134.3, 133.9, 133.1, 

132.7, 123.4, 123.3, 121.1, 121.0, 117.7, 85.2, 58.3, 52.8, 50.7, 27.2.; HRMS (APCI+) Calcd. For 

C23H26N3O2
+ ([M+H]+): 376.2020, found: 376.2031. >20:1 dr. The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 20/80, flow rate 1.0 

mL/min, λ = 220 nm); tr = 27.78 and 36.47 min.  

 

 

tert-butyl (R)-2-cyano-3-(naphthalen-1-yl)-2-((R)-1-(naphthalen-1-yl)allyl)pent-4-enoate (7r): Yield 

(83%); pale yellow solid, mp 96–98 °C; []25
D = -97.75 (c 0.71, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.22 (dd, J = 5.1, 1.2 Hz, 1H), 7.19 (dd, J = 5.1, 1.2 Hz, 1H), 7.14 – 7.10 (m, 2H), 6.97 

(dd, J = 5.1, 3.6 Hz, 1H), 6.93 (dd, J = 5.1, 3.6 Hz, 1H), 6.46 (ddd, J = 16.9, 10.0, 9.8 Hz, 1H), 6.15 (ddd, 

J = 16.8, 10.2, 9.2 Hz, 1H), 5.34 (dd, J = 10.2, 1.4 Hz, 1H), 5.251 (dd, J = 10.0, 1.2 Hz, 1H), 5.246 (dd, 

J = 16.8, 1.4 Hz, 1H), 5.34 (dd, J = 16.9, 1.2 Hz, 1H), 4.23 (d, J = 9.2 Hz, 1H), 4.16 (d, J = 9.8 Hz, 1H), 

1.13 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.0, 140.32, 140.25, 133.9, 133.8, 126.8, 126.6, 

126.5, 126.4, 124.9, 124.8, 120.1, 119.7, 118.4, 84.3, 59.6, 50.3, 48.7, 27.3.; HRMS (ESI+) Calcd. For 

C21H23NNaO2S2
+ ([M+Na]+): 408.1062, found: 408.1056. >20:1 dr. The product was analyzed by HPLC 

to determine the enantiomeric excess: 96% ee (Chiralpak IE, i-propanol/hexane = 1/99, flow rate 1.0 
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mL/min, λ = 220 nm); tr = 9.26 and 10.42 min. 

 

 

tert-butyl (S)-2-((S)-but-3-en-2-yl)-2-cyano-3-methylpent-4-enoate (7s): Yield (87%); pale yellow 

liquid; []25
D = -9.03 (c 1.03, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 5.84 (ddd, J = 17.2, 11.6, 

8.7 Hz, 1H), 5.82 (ddd, J = 17.2, 10.4, 9.0 Hz, 1H), 5.203 (dd, J = 11.6, 1.6 Hz, 1H), 5.196 (dd, J = 17.2, 

1.2 Hz, 1H), 5.12 (dd, J = 17.2, 1.6 Hz, 1H), 5.10 (dd, J = 10.4, 1.2 Hz, 1H), 2.75 (dq, J = 9.0, 6.9 Hz, 

1H), 2.75 (dq, J = 8.7, 6.8 Hz, 1H), 1.51 (s, 9H), 1.23 (d, J = 6.9 Hz, 3H), 1.15 (d, J = 6.8 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 166.0, 136.7, 136.4, 118.3, 118.2, 117.8, 84.1, 58.4, 42.7, 41.6, 27.9, 

17.2, 16.5.; HRMS (ESI+) Calcd. For C15H23NNaO2
+ ([M+Na]+): 272.1621, found: 272.1615. >20:1 dr. 

The product was transformed to 16 (vide infra) and then analyzed by HPLC to determine the 

enantiomeric excess: 95% ee. 

 

 

 

To a solution of (S,S)-7s (0.20 mmol) in DCM (2.0 mL) was added TFA (1.0 mL) under Ar2 at rt 

and the reaction mixture was stirred for 2 h, then concentrated in vacuo to give crude 11 without purified 

by flash chromatography. To a solution of crude 15 in DCM (2.0 mL) was added (COCl)2 (0.80 mmol, 

4.0 equiv.) and DMF (20 μL) under Ar2 and the reaction mixture stirred for 1 h, then concentrated in 

vacuo. After that, DCM (2 mL), diisopropylethylamine (0.40 mmol) and aniline (0.30 mmol) was added 

under Ar2, the reaction mixture stirred for 8 h at rt. The reaction was quenched with H2O and extracted 

with CH2Cl2 (3 x 3 mL) and the combined organics were washed with 10% NaHCO3 (1 x 10 mL), and 

brine (10 mL). The combined organics were combined and dried over Na2SO4 and concentrated under 

vacuum and purified by silica-gel flash chromatography.  
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(S,Z)-2-((S)-but-3-en-2-yl)-2-cyano-3-methyl-N-phenylpent-4-enimidic acid (16): Yield (74%); Pale 

yellow liquid; []32
D = -16.60 (c 3.56, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.93 (s, 1H), 7.54 

– 7.46 (m, 2H), 7.40 – 7.32 (m, 2H), 7.23 – 7.14 (m, 1H), 5.96 (ddd, J = 17.5, 9.9, 8.6 Hz, 1H), 5.84 

(ddd, J = 17.1, 10.3, 8.7 Hz, 1H), 5.33 – 5.21 (m, 2H), 5.20 – 5.10 (m, 2H), 3.01 – 2.82 (m, 2H), 1.28 (d, 

J = 7.0 Hz, 3H), 1.21 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 163.6, 136.7, 136.5, 

136.4, 129.1, 125.5, 120.7, 112.0, 118.7, 118.0, 58.7, 42.4, 41.9, 17.0, 16.4.; HRMS (ESI+) Calcd. For 

C17H21N2O ([M+H]+): 269.1648, found: 269.1646. The product was analyzed by HPLC to determine the 

enantiomeric excess: 95% ee (Chiralcel OJ-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 240 

nm); tr = 8.45 and 9.51 min. 

 

III. Preliminary Investigate Synthesis of Bisallylated Cyanoacetates Bearing Continues Three 

Stereocenters with Two Different Allylic Carbonates. 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-SL1 (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL). 

The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents were removed under 

vacuum to give a pale yellow solid. Allylic carbonate 1d (0.20 mmol), cyanoacetate 3 (0.20 mmol), Et3N 

(0.20 mmol), DCM (2 mL) were then added, and then reacted at room temperature for 12 h under Ar2 

atmosphere. The crude product was purified by silica-gel column chromatography to give the 

mono-allylic cyanoacetate 5d. Then under Ar2 atmosphere, [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), 
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phosphoramidite ligand (Ra,R,R)-SL1 (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed 

n-propylamine (0.5 mL) were heated at 50 °C for 30 min and then the volatile solvents were removed 

under vacuum to give Ir-compless. To this Schlenk tube allylic carbonate 1m (0.20 mmol), mono-allylic 

cyanoacetate 5d, Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, and then reacted at room 

temperature under Ar2 atmosphere. Once starting material was consumed (monitored by TLC), the 

mixture was added water, and extracted with dichloromethane (3×). The dichloromethane layers were 

dried over anhydrous Na2SO4, filtered, and evaporated to give crude 8A. The crude product was purified 

by silica-gel column chromatography to give 8A. 

 

IV. Optimization of the Asymmetric Monoallylation Reaction Conditions and General Procedure 

for Synthesis of Mono-Allylic Cyanoacetates and Krapcho Decarboxylation 

 

 

Entrya Ligand Base Solvent T (oC) Yield of 5d (%)b Ee of 9d (%)c 

1d (Ra,R,R)-SL1 (L2) Et3Nd DCM room temp. 47 90 

2d (Ra,R,R)-SL1 (L2) DABCO DCM room temp. 43 88 

3d (Ra,R,R)-SL1 (L2) DABCO THF room temp. 34 90 

4 (Ra,R,R)-SL7 (L3) DABCO THF reflux 43 86 

5 (Ra,R,R)-SL7 (L3) DABCO THF room temp. 56 94 

6e (Ra,R,R)-SL7 (L3) Et3N THF room temp. 47 93 

7 (Ra,R,R)-SL7 (L3) DABCO THF 0 oC 68 99 

a All the reactions were carried out with 0.2 mmol of 3, 0.1 mmol of 1d and 0.04 mmol base in 2 mL of solvent. b 

Isolated yields. c Ee was determined by chiral HPLC analysis. d 0.2 mmol Et3N was used. e 0.2 mmol of 3 and 0.2 mmol 

1d was used. 
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A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.01 mmol, 2.5 mol %), phosphoramidite ligand SL7 

(0.02 mmol, 5 mol %), degassed THF (1.0 mL) and degassed n-propylamine (1.0 mL). The reaction 

mixture was heated at 50 °C for 30 min and then the volatile solvents were removed under vacuum to 

give a pale yellow solid. allylic carbonates (0.40 mmol), Cyanoacetates (0.80 mmol), DABCO (0.08 

mmol), DCM (4 mL) were then added, reacted at room temperature. Once starting material 1 was 

consumed (monitored by TLC), the mixture was added water, and extracted with dichloromethane (3×). 

The dichloromethane layers were dried over anhydrous Na2SO4, filtered, and evaporated to give crude 5. 

The crude product was purified by silica-gel column chromatography to give 5. 

A Schlenk tube was evacuated and backfilled with argon for three times, then added LiCl (0.35 

mmol), 5 (0.10 mmol), DMF (0.75 mL), and H2O (7 μL). The mixture was stirred under reflux for 1 h. 

After the reaction was complete, a saturated aqueous solution of NH4Cl (5 mL) was added. The aqueous 

layer was extracted three times with ether (2 mL). The combined organic layer was dried with Na2SO4 

filtered, and evaporated to give crude 9. The crude product was purified by silica-gel column 

chromatography to give 9. 

 

 

tert-butyl 3-(4-bromophenyl)-2-cyanopent-4-enoate (Mixture of Diastereomers) (5d): Yield (68%); 

pale yellow liquid; 1H NMR (400 MHz, Chloroform-d) δ 7.53 – 7.45 (m, 4H), 7.24 – 7.14 (m, 4H), 6.17 

– 5.99 (m, 2H), 5.35 – 5.20 (m, 4H), 4.02 – 3.94 (m, 2H), 3.75 (d, J = 7.2 Hz, 1H), 3.67 (d, J = 6.9 Hz, 

1H), 1.39 (s, 9H), 1.39 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 163.4, 137.6, 136.8, 135.7, 134.4, 
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132.0, 131.9, 129.9, 129.5, 122.0, 121.8, 119.5, 118.4, 115.5, 84.51, 84.47, 49.1, 48.8, 44.8, 44.4, 27.7, 

27.6.; HRMS (ESI+) Calcd. For C16H18BrNNaO2
+ ([M+Na]+): 358.0413, found: 358.0412. 

 

 

tert-butyl 2-cyano-3-(naphthalen-2-yl)pent-4-enoate (Mixture of Diastereomers) (5o): Yield (64%); 

pale yellow liquid; 1H NMR (400 MHz, Chloroform-d) δ 7.85 – 7.74 (m, 8H), 7.50 – 7.38 (m, 6H), 6.31 

– 6.09 (m, 2H), 5.37 – 5.26 (m, 4H), 4.22 – 4.13 (m, 2H), 3.86 (d, J = 7.6 Hz, 1H), 3.82 (d, J = 7.1 Hz, 

1H), 1.34 (s, 9H), 1.33 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 163.74, 163.73, 136.2, 135.9, 

135.3, 135.0, 133.3, 132.9, 132.8, 128.7, 128.6, 127.9, 127.8, 127.63, 127.62, 127.4, 126.8, 126.4, 126.3, 

126.22, 126.18, 125.7, 125.4, 119.3, 118.2, 115.8, 115.7, 84.30, 84.25, 49.9, 49.7, 45.0, 44.6, 27.64, 

27.61.; HRMS (ESI+) Calcd. For C20H21NNaO2
+ ([M+Na]+): 330.1465, found: 330.1468. 

 

 

tert-butyl 2-cyano-3-(3,5-dichlorophenyl)pent-4-enoate (Mixture of Diastereomers) (5n): Yield 

(50%); pale yellow liquid; 1H NMR (400 MHz, Chloroform-d) δ 7.33 – 7.29 (m, 2H), 7.26 – 7.16 (m, 

4H), 6.15 – 5.96 (m, 2H), 5.42 – 5.24 (m, 4H), 4.03 – 3.91 (m, 2H), 3.77 (d, J = 7.1 Hz, 1H), 3.68 (d, J = 

7.0 Hz, 1H), 1.42 (s, 9H), 1.40 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 163.13, 163.10, 141.8, 

141.1, 135.4, 135.3, 134.7, 133.6, 128.2, 128.0, 126.8, 126.4, 120.3, 119.1, 115.1, 115.0, 84.9, 84.8, 49.0, 

48.6, 44.5, 44.1, 27.63, 27.61.; HRMS (ESI+) Calcd. For C16H17Cl2NNaO2
+ ([M+Na]+): 348.0529, 

found: 348.0529. 

 

 

3-(4-bromophenyl)pent-4-enenitrile (9d): Yield (72%); colorless liquid; 1H NMR (400 MHz, 
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Chloroform-d) δ 7.54 – 7.44 (m, 2H), 7.16 – 7.03 (m, 2H), 5.99 (ddd, J = 17.2, 10.4, 6.8 Hz, 1H), 5.27 

(dd, J = 10.4, 0.8 Hz, 1H), 5.20 (dd, J = 17.2, 0.8 Hz, 1H), 3.67 (dt, J = 6.8, 6.7 Hz, 1H), 2.74 (dd, J = 

16.2, 6.7 Hz, 1H), 2.68 (dd, J = 16.2, 6.7 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 139.2, 137.2, 

132.1, 129.1, 121.5, 117.8, 117.3, 44.8, 23.8.; HRMS (ESI+) Calcd. For C11H10BrNNa+ ([M+Na]+): 

257.9889, found: 257.9883. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee for (S)-9d, 99% ee for (R)-9d (Chiralcel OD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, 

λ = 220 nm); tr = 19.61 and 23.67 min. 

 

 

3-(naphthalen-2-yl)pent-4-enenitrile (9o): Yield (80%); colorless liquid; 1H NMR (400 MHz, 

Chloroform-d) δ 7.86 – 7.80 (m, 3H), 7.70 – 7.66 (m, 1H), 7.52 – 7.44 (m, 2H), 7.33 (dd, J = 8.5, 1.9 Hz, 

1H), 6.11 (ddd, J = 17.2, 10.4, 6.9 Hz, 1H), 5.30 (dd, J = 10.4, 1.0 Hz, 1H), 5.25 (dd, J = 17.2, 1.1 Hz, 

1H), 3.86 (td, J = 7.2, 6.9 Hz, 1H), 2.83 (dd, J = 16.8, 7.2 Hz, 1H), 2.79 (dd, J = 16.8, 7.2 Hz, 1H). 13C 

NMR (101 MHz, Chloroform-d) δ 137.7, 137.6, 133.4, 132.7, 128.8, 127.8, 127.6, 126.4, 126.08, 126.06, 

125.2, 118.2, 117.1, 45.5, 23.8.; HRMS (ESI+) Calcd. For C15H13NNa+ ([M+Na]+): 230.0940, found: 

230.0941. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee for (S)-9o, 

99% ee for (R)-9o (Chiralcel OJ-H, i-propanol/hexane = 10/9, flow rate 1.0 mL/min, λ = 220 nm); tr = 

36.09 and 37.82 min. 

 

 

3-(3,5-dichlorophenyl)pent-4-enenitrile (9n): Yield (75%); colorless liquid; 1H NMR (400 MHz, 

Chloroform-d) δ 7.30 (t, J = 1.9 Hz, 1H), 7.13 (dd, J = 1.9, 0.5 Hz, 2H), 5.96 (ddd, J = 17.2, 10.4, 6.9 Hz, 

1H), 5.33 (dd, J = 10.4, 0.4 Hz, 1H), 5.24 (dd, J = 17.2, 0.8 Hz, 1H), 3.66 (dt, J = 7.2, 6.9 Hz, 1H), 2.81 

– 2.70 (dd, J = 9.2, 7.2 Hz, 1H), 2.75 – 2.64 (dd, J = 9.2, 7.2 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 143.5, 136.3, 135.5, 127.9, 126.0, 118.1, 117.4, 44.8, 23.6.; HRMS (ESI+) Calcd. For 
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C11H9Cl2NNa+ ([M+Na]+): 248.0004, found: 248.0015. The product was analyzed by HPLC to 

determine the enantiomeric excess: 98% ee for (S)-9n, 95% ee for (R)-9n (Chiralpak IE, 

i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 206 nm); tr = 11.92 and 12.69 min. 

 

V. Optimization of the Asymmetric Double Allylation Reaction Conditions 

 

 

Entrya Ligand Base Solvent Yield of 8A (%)b dr of 8A (%)c 

1 (Ra,R,R)-SL1 Cs2CO3 THF 93 1:0.18:0.03:0.02 

2 (Ra,R,R)-SL1 Cs2CO3 toluene 90 1:0.25:0.05:0.01 

3 (Ra,R,R)-SL1 Cs2CO3 Et2O 93 1:0.33:0.06:0.02 

4 (Ra,R,R)-SL1 Cs2CO3 MeOH 90 1:0.40:0.31:0.05 

5 (Ra,R,R)-SL1 Cs2CO3 MeCN 83 1:0.36:0.05:0.02 

6 (Ra,R,R)-SL1 Cs2CO3 DMF 95 1:0.41:0.10:0.03 

7 (Ra,R,R)-SL1 Cs2CO3 DCM 93 1:0.24:0.10:0.01 

8 (Ra,R,R)-SL1 Cs2CO3 DCE 94 1:0.25:0.09:0.01 

9 (Ra,R,R)-SL1 tBuOK THF 38 1:0.19:0.03:0.01 

10 (Ra,R,R)-SL1 NaOH THF 46 1:0.19:0.07:0.03 

11 (Ra,R,R)-SL1 DBU THF 30 1:0.17:0.03:0.01 

12 (Ra,R,R)-SL1 nBuLi THF 88 1:0.22:0.10:0.01 

13 (Ra,R,R)-SL1 LiHDMS THF 33 1:0.39:0.03:0.03 

14 (Ra,R,R)-SL1 NaHDMS THF 56 1:0.20:0.05:0.02 

15 (Ra,R,R)-SL1 Et3N THF 96 1:0.24:0.11:0.01 

16d (Ra,R,R)-SL1 Cs2CO3 DCM 91 1:0.15:0.08:0.01 

17d (Ra,R,R)-SL1 Cs2CO3 DCM/THF = 1:1 86 1:0.15:0.08:0.01 

18 (Ra,R,R)-SL2 Cs2CO3 THF <5 / 

19 (Ra,R,R)-SL3 Cs2CO3 THF <5 / 

20d (Ra,R,R)-SL2 Cs2CO3 DCM 75 1:0.35:0.04:0.02 

21d (Ra,R,R)-SL3 Cs2CO3 DCM 85 1:0.27:0.04:0.01 

22d (Ra,R,R)-SL4 Cs2CO3 DCM 88 1:0.45:0.04:0.03 

23d (Ra,R,R)-SL5 Cs2CO3 DCM 92 1:0.17:0.05:0.02 

24d (Ra,R,R)-SL6 Cs2CO3 DCM 83 1:0.18:0.06:0.02 

25d (Ra,R,R)-SL7 Cs2CO3 DCM 94 1:0.15:0.03:0 
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26d (Ra,R,R)-SL8 Cs2CO3 DCM 75 1:0.12:0.03:0.01 

27d (Ra,R,R)-SL9 Cs2CO3 DCM 81 1:0.14:0.05:0.02 

28d (Ra,R,R)-SL10 Cs2CO3 DCM 84 1:0.13:0.04:0.02 

29d (Ra,R,R)-SL11 Cs2CO3 DCM 90 1:0.21:0.05:0.02 

30d (Ra,R,R)-SL12 Cs2CO3 DCM 46 1:0.17:0.05:0.03 

31d (Ra,R,R)-SL13 Cs2CO3 DCM 78 1:0.20:0.05:0.02 

32d (Ra,R,R)-SL14 Cs2CO3 DCM 47 1:0.09:0.03:0.01 

33 (Ra,R,R)-SL14 Cs2CO3 DCM 60 1:0.09:0.05:0.01 

34 (Ra,R,R)-SL7 Cs2CO3 DCM 95 1:0.16:0.03:0 

a All reactions were carried out with 0.20 mmol 5d, 0.2 mmol 1o and 0.2 mmol base in 2 mL of solvent. b Yields refer to the isolated 

products after chromatographic purification. c The dr value was determined by 1H NMR analysis. d Reaction was carried out at 0 oC. 
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VI. Stereodivergent Synthesis of Bisallylated Cyanoacetates Bearing Continues Three 

Stereocenters 

 

 

General Procedure for Synthesis of Bisallylated Cyanoacetates: 

(S,R,S)-8A as example 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Sa,S,S)-SL7 (L3) (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL). 

The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents were removed under 

vacuum to give a pale yellow solid. Allylic carbonate 1o (0.50 mmol), cyanoacetate 3 (1.00 mmol), 

DABCO (0.10 mmol), THF (10 mL) were then added, and then reacted at 0 oC for 12 h under Ar2 

atmosphere. The crude product was purified by silica-gel column chromatography to give the 

mono-allylic cyanoacetate 5o.  

Then under Ar2 atmosphere, [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Sa,S,S)-SL7 (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL) were 

heated at 50 °C for 30 min and then the volatile solvents were removed under vacuum to give 

Ir-compless. To this Schlenk tube allylic carbonate 1d (0.20 mmol), mono-allylic cyanoacetate 5o (0.20 

mmol), Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, and then reacted at room temperature 

under Ar2 atmosphere. Once starting material was consumed (monitored by TLC), the mixture was 

added water, and extracted with dichloromethane (3×). The dichloromethane layers were dried over 

anhydrous Na2SO4, filtered, and evaporated to give crude (S,R,S)-8A. The crude product was purified by 

silica-gel column chromatography to give (S,R,S)-8A. 
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tert-butyl (2R,3S)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((S,R,S)-8A): Yield (94%); White solid, mp 88–90 °C; []25
D = 126.46 (c 1.05, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.57 (dd, J = 8.6, 1.9 Hz, 1H), 7.49 – 7.38 (m, 4H), 7.25 – 

7.21 (m, 2H), 6.62 (ddd, J = 17.0, 10.0, 9.8 Hz, 1H), 6.30 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.35 (dd, J = 

10.2, 1.5 Hz, 1H), 5.244 (dd, J = 10.0, 1.6 Hz, 1H), 5.35 (dd, J = 17.0, 1.6 Hz, 1H), 5.17 (dd, J = 16.9, 

2.0 Hz, 1H), 4.08 (d, J = 9.4 Hz, 1H), 3.84 (d, J = 9.8 Hz, 1H), 0.86 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 165.3, 137.4, 135.9, 134.3, 133.8, 133.2, 132.7, 131.6, 130.8, 128.2, 128.1, 127.9, 

127.4, 126.6, 126.2, 126.1, 122.0, 120.2, 120.1, 118.3, 84.3, 58.4, 54.7, 53.5, 27.1.; HRMS (ESI+) Calcd. 

For C29H28BrNNaO2
+ ([M+Na]+): 524.1196, found: 524.1179; dr = 1:0.12:0.02:0.  

 

 

tert-butyl (2R,3R)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((S,R,R)-8A): Yield (98%); White solid, mp 88–90 °C; []25
D = 31.96 (c 1.12, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.78 (ddd, J = 8.8, 4.3, 2.4 Hz, 4H), 7.51 (dd, J = 8.6, 1.8 Hz, 1H), 7.46 – 7.40 

(m, 4H), 7.30 – 7.26 (m, 2H), 6.46 (dddd, J = 16.9, 10.2, 8.8 Hz, 1H), 6.37 (dddd, J = 16.9, 10.2, 8.8 Hz, 

1H), 5.30 (dd, J = 10.2, 1.6 Hz, 1H), 5.29 (dd, J = 10.2, 1.7 Hz, 1H), 5.18 (dd, J = 16.9, 2.3 Hz, 1H), 

5.17 (dd, J = 16.9, 2.2 Hz, 1H), 4.05 (d, J = 8.8 Hz, 1H), 3.92 (d, J = 8.8 Hz, 1H), 0.79 (s, 9H). 13C 

NMR (101 MHz, Chloroform-d) δ 165.1, 138.1, 136.2, 135.9, 135.7, 133.1, 132.7, 131.4, 130.9, 128.2, 

128.0, 127.9, 127.5, 126.8 126.2, 126.1, 121.7, 120.1, 120.0, 118.4, 84.1, 58.3, 56.2, 55.5, 26.9.; dr = 

1:0.04:0.04:0.  

 

 

tert-butyl (2R,3S)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 
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((R,S,S)-8A): Yield (99%); White solid, mp 84–86 °C; []25
D = -20.39 (c 1.27, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.78 (ddd, J = 8.8, 3.6, 2.4 Hz, 4H), 7.51 (dd, J = 8.6, 1.9 Hz, 1H), 7.46 – 7.40 

(m, 4H), 7.29 – 7.26 (m, 2H), 6.46 (ddd, J = 16.9, 10.0, 8.8 Hz, 1H), 6.36 (ddd, J = 16.8, 10.0, 8.9 Hz, 

1H), 5.30 (dd, J = 10.0, 1.6 Hz, 1H), 5.29 (dd, J = 10.0, 1.6 Hz, H), 5.18 (dd, J = 16.8, 2.0 Hz, 1H), 5.17 

(dd, J = 16.9, 2.0 Hz, H), 4.05 (d, J = 8.8 Hz, 1H), 3.92 (d, J = 8.9 Hz, 1H), 0.79 (s, 9H). 13C NMR (101 

MHz, Chloroform-d) δ 165.1, 138.1, 136.2, 135.9, 135.7, 133.1, 132.7, 131.4, 130.9, 128.2, 128.0, 127.9, 

127.5, 126.8, 126.2, 126.1, 121.7, 120.1, 120.0, 118.4, 84.1, 58.3, 56.2, 55.5, 26.9.; dr = 1:0.03:0.02:0.  

 

 

tert-butyl (2S,3R)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((R,S,R)-8A): Yield (95%); White solid, mp 84–86 °C; []25
D = -159.26 (c 1.36, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.57 (dd, J = 8.6, 1.9 Hz, 1H), 7.47 – 7.43 (m, 4H), 7.25 – 

7.21 (m, 2H), 6.62 (ddd, J = 17.0, 10.0. 9.8 Hz, 1H), 6.30 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.35 (dd, J = 

10.2, 1.5 Hz, 1H), 5.244 (dd, J = 10.0, 1.5 Hz, 1H), 5.240 (dd, J = 17.0, 1.5 Hz, 1H), 5.18 (dd, J = 16.9, 

2.1 Hz, 1H), 4.08 (d, J = 9.4 Hz, 1H), 3.84 (d, J = 9.8 Hz, 1H), 0.86 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 165.3, 137.4, 135.9, 134.3, 133.8, 133.2, 132.7, 131.6, 130.8, 128.2, 128.1, 127.9, 

127.4, 126.6, 126.2, 126.1, 122.0, 120.2, 120.1, 118.3, 84.3, 58.4, 54.7, 53.5, 27.1.; dr = 1:0.12:0.02:0.  

 

 

tert-butyl (2S,3S)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((S,S,S)-8A): Yield (92%); Pale yellow liquid; []25
D = 146.88 (c 1.12, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.86 – 7.73 (m, 4H), 7.48 – 7.38 (m, 5H), 7.34 – 7.30 (m, 2H), 6.72 (ddd, J = 17.0, 10.0, 

10.0 Hz, 1H), 6.20 (ddd, J = 16.9, 10.2, 9.6 Hz, 1H), 5.34 (dd, J = 10.0, 1.5 Hz, 1H), 5.26 (dd, J = 17.0, 
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1.0 Hz, 1H), 5.21 (dd, J = 10.2, 1.5 Hz, 1H), 5.15 (dd, J = 16.9, 1.0 Hz, 1H), 3.98 (d, J = 10.0 Hz, 1H), 

3.94 (d, J = 9.6 Hz, 1H), 1.01 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.3, 137.7, 135.7, 134.1, 

134.0, 133.2, 132.9, 131.5, 130.9, 128.2, 128.1, 127.9, 127.6, 126.8, 126.2, 126.1, 121.7, 120.2, 120.0, 

118.2, 84.4, 58.4, 55.3, 52.8, 27.2.; dr = 1:0.18:0.05:0.02.  

 

 

tert-butyl (2R,3R)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((R,R,R)-8A): Yield (95%); Pale yellow liquid; []25
D = -124.13 (c 1.04, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.81 – 7.76 (m, 4H), 7.47 – 7.41 (m, 5H), 7.35 – 7.30 (m, 2H), 6.72 (ddd, J = 17.0, 10.0, 

10.0 Hz, 1H), 6.20 (ddd, J = 16.9, 10.2, 9.3 Hz, 1H), 5.34 (dd, J = 10.2, 1.5 Hz, 1H), 5.25 (dd, J = 17.0, 

2.0 Hz, 1H), 5.21 (dd, J = 10.0, 1.5 Hz, 1H), 5.15 (dd, J = 16.9, 2.1 Hz, 1H), 3.98 (d, J = 9.3 Hz, 1H), 

3.96 (d, J = 10.0 Hz, 1H), 1.01 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.3, 137.7, 135.7, 134.1, 

134.0, 133.2, 132.9, 131.6, 131.5, 130.9, 128.2, 128.1, 127.9, 127.6, 126.8, 126.2, 126.1, 121.7, 120.2, 

120.0, 118.2, 84.4, 58.4, 55.3, 52.8, 27.2.; dr = 1:0.16:0.03:0.  

 

 

tert-butyl (2R,3S)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((S,R,S)-8B): Yield (83%); Pale yellow liquid; []25
D = 86.85 (c 1.08, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.48 – 7.42 (m, 2H), 7.29 (d, J = 1.9 Hz, 2H), 7.27 – 7.26 (m, 1H), 7.22 – 7.17 (m, 2H), 

6.53 (ddd, J = 17.0, 10.0, 9.8 Hz, 1H), 6.10 (ddd, J = 17.0, 10.3, 9.4 Hz, 1H), 5.33 (dd, J = 10.0, 1.5 Hz, 

1H), 5.27 (dd, J = 10.3, 1.2 Hz, 1H), 5.20 (dd, J = 17.0, 1.6 Hz, 1H), 5.16 (dd, J = 17.0, 1.6 Hz, 1H), 

3.85 (d, J = 9.4 Hz, 1H), 3.75 (d, J = 9.8 Hz, 1H), 1.11 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 

164.9, 141.8, 136.9, 135.0, 133.3, 133.0, 131.7, 130.7, 127.8, 127.5, 122.1, 121.1, 120.5, 117.6, 85.0, 
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57.9, 54.6, 52.6, 27.3.; HRMS (ESI+) Calcd. For C25H24BrCl2NNaO2
+ ([M+Na]+): 542.0260, found: 

542.0257; dr = 1:0.07:0.03:0.  

 

 

tert-butyl (2R,3R)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((S,R,R)-8B): Yield (94%); Pale yellow solid, mp 63–65 °C; []25
D = -21.50 (c 1.27, CH2Cl2); 

1H NMR 

(400 MHz, Chloroform-d) δ 7.44 – 7.41 (m, 2H), 7.26 – 7.23 (m, 5H), 6.28 (ddd, J = 16.8, 10.2, 9.2 Hz, 

1H), 6.26 (ddd, J = 16.8, 10.4, 9.2 Hz, 1H), 5.32 (d, J = 10.2 Hz, 1H), 5.32 (dd, J = 10.4, 0.8 Hz, 1H), 

5.17 (dd, J = 16.8, 2.0 Hz, 1H), 5.16 (dd, J = 16.8, 2.0 Hz, 1H), 3.82 (d, J = 9.2 Hz, 1H), 3.81 (d, J = 9.2 

Hz, 1H), 0.99 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 164.8, 142.0, 137.6, 135.2, 134.8, 134.7, 

131.5, 130.8, 127.8, 127.6, 121.9, 121.0, 120.4, 117.7, 84.8, 57.8, 55.5, 55.1, 27.1.; dr = 

1:0.07:0.03:0.01. 

 

 

tert-butyl (2S,3S)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((R,S,S)-8B): Yield (91%); Pale yellow solid, mp 63–65 °C; []25
D = 20.82 (c 1.22, CH2Cl2); 

1H NMR 

(400 MHz, Chloroform-d) δ 7.43 (d, J = 8.5 Hz, 2H), 7.26 – 7.22 (m, 5H), 6.27 (dtd, J = 16.9, 10.4, 8.9 

Hz, 1H), 6.27 (ddd, J = 16.9, 10.2, 9.2 Hz, 1H), 6.27 (ddd, J = 17.2, 10.2, 9.2 Hz, 1H), 5.32 (dd, J = 10.2, 

1.6 Hz, 1H), 5.29 (dd, J = 10.2, 1.6 Hz, 1H), 5.17 (dd, J = 17.2, 2.0 Hz, 1H), 5.16 (dd, J = 16.9, 2.0 Hz, 

1H), 3.82 (d, J = 9.2 Hz, 1H), 3.81 (d, J = 9.2 Hz, 1H), 0.99 (s, 9H). 13C NMR (101 MHz, Chloroform-d) 

δ 164.8, 142.0, 137.6, 135.2, 134.8, 134.7, 131.5, 130.8, 127.8, 127.6, 121.9, 121.0, 120.4, 117.7, 84.8, 

57.8, 55.5, 55.1, 27.1.; dr = 1:0.04:0.02:0.  
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tert-butyl (2S,3R)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((R,S,R)-8B): Yield (91%); Pale yellow liquid; []25
D = -85.43 (c 0.94, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.48 – 7.43 (m, 2H), 7.29 (d, J = 1.9 Hz, 2H), 7.26 (d, J = 2.1 Hz, 1H), 7.21 – 7.18 (m, 

2H), 6.53 (ddd, J = 17.0, 10.0, 9.9 Hz, 1H), 6.10 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.33 (dd, J = 10.2, 1.5 

Hz, 1H), 5.27 (dd, J = 10.2, 1.1 Hz, 1H), 5.22 (dd, J = 17.0, 1.1 Hz, 1H), 5.16 (dd, J = 16.9, 1.1 Hz, 1H), 

3.85 (d, J = 9.4 Hz, 1H), 3.75 (d, J = 9.9 Hz, 1H), 1.11 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 

164.9, 141.8, 136.9, 134.9, 133.3, 133.0, 131.7, 130.7, 127.8, 127.5, 122.1, 121.1, 120.5, 117.6, 85.0, 

57.9, 54.6, 52.7, 27.3.; dr = 1:0.07:0.03:0.  

 

 

tert-butyl (2S,3S)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((S,S,S)-8B): Yield (99%); Pale yellow liquid; []25
D = 88.98 (c 0.89, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.43 (d, J = 8.6 Hz, 2H), 7.31 – 7.28 (m, 3H), 7.19 (d, J = 1.9 Hz, 2H), 6.52 (ddd, J = 

16.9, 10.0. 9.9 Hz, 1H), 6.18 (ddd, J = 16.9, 10.2, 9.5 Hz, 1H), 5.36 (dd, J = 10.0, 1.4 Hz, 1H), 5.28 (dd, 

J = 10.2, 1.3 Hz, 1H), 5.23 (dd, J = 16.9, 1.3 Hz, 1H), 5.28 (dd, J = 16.9, 1.4 Hz, 1H), 3.86 (d, J = 9.5 

Hz, 1H), 3.73 (d, J = 9.9 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 164.9, 141.5, 

137.3, 135.0, 133.6, 132.7, 131.6, 130.8, 128.2, 127.5, 121.9, 121.1, 120.6, 117.6, 85.1, 57.9, 54.5, 52.7, 

27.3.; dr = 1:0.19:0.02:0.01.  

 

 

tert-butyl (2R,3R)-3-(4-bromophenyl)-2-cyano-2-((R)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 
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((R,R,R)-8B): Yield (97%); Pale yellow liquid; []25
D = -97.83 (c 0.92, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.45 – 7.41 (m, 2H), 7.31 – 7.28 (m, 3H), 7.19 (d, J = 1.9 Hz, 2H), 6.52 (ddd, J = 16.9, 

10.1. 9.6 Hz, 1H), 6.18 (ddd, J = 16.9, 10.2, 9.9 Hz, 1H), 5.36 (dd, J = 10.1, 1.3 Hz, 1H), 5.28 (dd, J = 

10.2, 1.3 Hz, 1H), 5.23 (dd, J = 10.2, 1.0 Hz, 1H), 5.18 (dd, J = 16.9, 1.0 Hz, 1H), 3.87 (d, J = 9.6 Hz, 

1H), 3.74 (d, J = 9.9 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 164.9, 141.5, 137.3, 

135.0, 133.6, 132.7, 131.6, 130.8, 128.1, 127.5, 121.9, 121.0, 120.6, 117.6, 85.1, 57.8, 54.5, 52.7, 27.3.; 

dr = 1:0.19:0.02:0.01.  

 

 

tert-butyl (2R,3S)-3-(4-bromophenyl)-2-cyano-2-((S)-1-(3,5-dichlorophenyl)allyl)pent-4-enoate 

((S,R,S)-8C): Yield (93%); White solid, mp 88–90 °C; []25
D = 80.56 (c 0.90, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.48 – 7.44 (m, 3H), 7.32 (d, J = 1.9 Hz, 2H), 7.26 – 7.24 

(m, 1H), 6.70 (dd, J = 17.0, 10.0, 9.9 Hz, 1H), 6.15 (ddd, J = 16.9, 10.2, 9.3 Hz, 1H), 5.34 (dd, J = 10.1, 

1.6 Hz, 1H), 5.25 (dd, J = 17.0, 0.8 Hz, 1H), 5.34 (dd, J = 10.2, 1.2 Hz, 1H), 5.17 (dd, J = 16.8, 1.6 Hz, 

1H), 3.96 (d, J = 9.9 Hz, 1H), 3.93 (d, J = 9.3 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, Chloroform-d) 

δ 165.2, 142.0, 135.4, 134.9, 133.9, 133.23, 133.21, 132.9, 128.3, 128.2, 128.0, 127.8, 127.6, 126.8, 

126.3, 126.2, 121.0, 120.2, 117.8, 84.8, 58.1, 55.3, 52.7, 27.3.; HRMS (ESI+) Calcd. For 

C29H27Cl2NNaO2
+ ([M+Na]+): 514.1311, found: 514.1307; dr = 1:0.07:0.04:0.  

 

 

tert-butyl (2R,3S)-2-cyano-3-(3,5-dichlorophenyl)-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((S,R,R)-8C): Yield (98%); White solid, mp 98–100 °C; []25
D = -34.00 (c 0.84, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.78 (dd, J = 9.2, 2.3 Hz, 4H), 7.50 (dd, J = 8.6, 1.8 Hz, 1H), 7.48 – 7.44 (m, 2H), 

7.29 (d, J = 1.9 Hz, 2H), 7.26 (d, J = 1.8 Hz, 1H), 6.44 (ddd, J = 16.9, 10.2, 8.9 Hz, 1H), 6.32 (ddd, J = 
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16.9, 10.2, 8.9 Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.30 (d, J = 10.2 Hz, 1H), 5.21 (d, J = 16.9 Hz, 1H), 

5.20 (d, J = 16.9 Hz, 1H), 4.03 (d, J = 8.9 Hz, 1H), 3.90 (d, J = 8.9 Hz, 1H), 0.85 (s, 9H). 13C NMR (101 

MHz, Chloroform-d) δ 164.9, 142.3, 136.0, 135.7, 134.9, 134.8, 133.1, 132.7, 128.2, 128.1, 127.9, 127.7, 

127.6, 127.5, 126.7, 126.24, 126.17, 120.9, 120.2, 117.9, 84.5, 58.1, 56.3, 55.2, 27.0.; dr = 1:0.03:0.03:0.  

 

 

tert-butyl (2S,3R)-2-cyano-3-(3,5-dichlorophenyl)-2-((S)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((R,S,S)-8C): Yield (96%); White solid, mp 99–101 °C; []25
D = 35.64 (c 0.94, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.79 (dd, J = 9.2, 2.2 Hz, 4H), 7.50 (dd, J = 8.7, 1.8 Hz, 2H), 7.49 – 7.42 (m, 3H), 

7.29 (d, J = 1.9 Hz, 2H), 7.26 – 7.24 (m, 2H), 6.44 (ddd, J = 16.9, 10.2, 8.9 Hz, 1H), 6.32 (ddd, J = 16.9, 

10.2, 8.9 Hz, 1H), 5.35 (d, J = 10.2 Hz, 2H), 5.31 (dd, J = 10.2, 1.2 Hz, 2H), 5.209 (dd, J = 16.9, 1.2 Hz, 

1H), 5.203 (dd, J = 16.9, 1.2 Hz, 1H), 4.03 (d, J = 8.9 Hz, 1H), 3.90 (d, J = 8.9 Hz, 1H), 0.85 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 164.9, 142.3, 136.0, 135.7, 134.9, 134.8, 133.1, 132.7, 128.2, 

128.1, 127.9, 127.7, 127.6, 127.5, 126.7, 126.2, 126.2, 120.9, 120.2, 118.0, 84.6, 58.1, 56.3, 55.2, 27.0.; 

dr = 1:0.03:0.02:0.01.  

 

 

tert-butyl (2S,3R)-2-cyano-3-(3,5-dichlorophenyl)-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((R,S,R)-8C): Yield (93%); White solid, mp 88–90 °C; []25
D = -106.00 (c 1.12, CH2Cl2); 

1H NMR (400 

MHz, Chloroform-d) δ 7.82 – 7.76 (m, 4H), 7.48 – 7.43 (m, 3H), 7.32 (d, J = 1.9 Hz, 2H), 7.26 (t, J = 

1.9 Hz, 1H), 6.70 (dd, J = 17.0, 10.0, 9.9 Hz, 1H), 6.15 (ddd, J = 16.9, 10.2, 9.4 Hz, 1H), 5.34 (dd, J = 

10.2, 1.5 Hz, 1H), 5.25 (dd, J = 17.0, 1.2 Hz, 1H), 5.24 (dd, J = 10.0, 1.0 Hz, 1H), 5.17 (dd, J = 16.9, 1.0 

Hz, 1H), 3.96 (d, J = 9.9 Hz, 1H), 3.93 (d, J = 9.4 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 165.2, 142.0, 135.4, 134.9, 133.9, 133.2, 133.2, 132.9, 128.3, 128.2, 128.0, 127.8, 
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127.6, 126.8, 126.3, 126.2, 121.0, 120.2, 117.8, 84.8, 58.1, 55.3, 52.7, 27.3.; dr = 1:0.08:0.04:0.  

 

 

tert-butyl (2S,3S)-2-cyano-3-(3,5-dichlorophenyl)-2-((S)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((S,S,S)-8C): Yield (88%); White solid, mp 105–107 °C; []25
D = 143.60 (c 1.50, CH2Cl2); 

1H NMR 

(400 MHz, Chloroform-d) δ 7.83 – 7.77 (m, 4H), 7.58 (dd, J = 8.6, 1.9 Hz, 1H), 7.45 (ddd, J = 7.5, 3.5, 

1.9 Hz, 2H), 7.29 (t, J = 1.9 Hz, 1H), 7.23 (d, J = 1.9 Hz, 2H), 6.59 (ddd, J = 17.0, 10.0. 9.6 Hz, 1H), 

6.33 (ddd, J = 16.9, 10.1, 9.9 Hz, 1H), 5.39 (dd, J = 10.1, 1.4 Hz, 1H), 5.30 (dd, J = 10.0, 1.2 Hz, 1H), 

5.26 (dd, J = 10.1, 1.2 Hz, 1H), 5.39 (dd, J = 10.1, 1.4 Hz, 1H), 4.08 (d, J = 9.6 Hz, 1H), 3.81 (d, J = 9.9 

Hz, 1H), 0.89 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.1, 141.7, 135.7, 135.0, 134.2, 133.2, 

133.1, 132.7, 128.21, 128.18, 128.1, 127.9, 127.6, 127.5, 126.5, 126.2, 126.1, 120.9, 120.3, 117.9, 84.8, 

58.1, 54.7, 53.5, 27.1; dr = 1:0.15:0.03:0.01.  

 

 

tert-butyl (2R,3R)-2-cyano-3-(3,5-dichlorophenyl)-2-((R)-1-(naphthalen-2-yl)allyl)pent-4-enoate 

((R,R,R)-8C): Yield (96%); White solid, mp 105–107 °C; []25
D = -127.44 (c 1.33, CH2Cl2); 

1H NMR 

(400 MHz, Chloroform-d) δ 7.83 – 7.77 (m, 4H), 7.58 (dd, J = 8.6, 1.9 Hz, 1H), 7.47 – 7.43 (m, 2H), 

7.29 (t, J = 1.9 Hz, 1H), 7.23 (d, J = 1.8 Hz, 2H), 6.59 (ddd, J = 17.0, 10.8, 9.8 Hz, 1H), 6.33 (ddd, J = 

16.9, 10.0, 9.5 Hz, 1H), 5.39 (dd, J = 10.0, 1.4 Hz, 1H), 5.29 (dd, J = 10.8, 1.2 Hz, 1H), 5.26 (dd, J = 

17.2, 1.4 Hz, 1H), 5.22 (dd, J = 16.9, 1.2 Hz, 1H), 4.08 (d, J = 9.5 Hz, 1H), 3.81 (d, J = 9.8 Hz, 1H), 

0.89 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 165.1, 141.7, 135.7, 135.0, 134.2, 133.2, 133.1, 

132.7, 128.21, 128.18, 128.1, 127.9, 127.6, 127.5, 126.5, 126.2, 126.1, 120.9, 120.3, 117.9, 84.8, 58.1, 

54.7, 53.5, 27.1.; dr = 1:0.15:0.03:0.01.  
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VII. Synthesis of (S,s,R)-meso-7d 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Sa,S,S)-SL7 (L3) (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL). 

The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents were removed under 

vacuum to give a pale yellow solid. Allylic carbonate 1d (0.50 mmol), cyanoacetate 3 (1.00 mmol), 

DABCO (0.10 mmol), THF (10 mL) were then added, and then reacted at 0 oC for 12 h under Ar2 

atmosphere. The crude product was purified by silica-gel column chromatography to give the 

mono-allylic cyanoacetate 5d.  

Then under Ar2 atmosphere, [Ir(COD)Cl]2 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-SL7 (L3) (0.01 mmol, 5 mol %), degassed THF (0.5 mL) and degassed n-propylamine (0.5 mL) 

were heated at 50 °C for 30 min and then the volatile solvents were removed under vacuum to give 

Ir-compless. To this Schlenk tube allylic carbonate 1d (0.20 mmol), mono-allylic cyanoacetate 5d (0.20 

mmol), Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, and then reacted at room temperature 

under Ar2 atmosphere. Once starting material was consumed (monitored by TLC), the mixture was 

added water, and extracted with dichloromethane (3×). The dichloromethane layers were dried over 

anhydrous Na2SO4, filtered, and evaporated to give crude (S,s,R)-meso-7d. The crude product was 

purified by silica-gel column chromatography to give (S,s,R)-meso-7d. 
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tert-butyl (2s,3S)-3-(4-bromophenyl)-2-((R)-1-(4-bromophenyl)allyl)-2-cyanopent-4-enoate 

((S,s,R)-meso-7d): Yield (86%); White solid, mp 158–160 °C; []25
D = 0.03 (c 1.02, CH2Cl2); 

1H NMR 

(400 MHz, Chloroform-d) δ 7.44 – 7.38 (m, 4H), 7.26 – 7.19 (m, 4H), 6.30 (ddd, J = 16.9, 10.2, 8.9 Hz, 

2H), 5.27 (dd, J = 10.3, 0.9 Hz, 1H), 5.26 (dd, J = 10.3, 1.2 Hz, 1H), 5.14 (dd, J = 16.9, 0.9 Hz, 1H), 

5.13 (dd, J = 16.9, 1.2 Hz, 1H), 3.83 (d, J = 8.9 Hz, 2H), 0.94 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 164.9, 137.8, 135.4, 131.5, 130.9, 121.8, 120.2, 118.1, 84.4, 58.0, 55.4, 27.1.  

 

VIII. Gram Scales and Synthetic Transformations 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three times. 

To this Schlenk tube were added [Ir(COD)Cl]2 (0.075 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-SL7 (L3) (0.15 mmol, 5 mol %), degassed THF (7.5 mL) and degassed n-propylamine (7.5 

mL). The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents were removed 

under vacuum to give a pale yellow solid. allylic carbonates 1n (6.00 mmol), Cyanoacetates 3 (3.00 

mmol), Cs2CO3 (6.00 mmol), DCM (30 mL) were then added, reacted at room temperature. Once 

starting material was consumed (monitored by TLC), the mixture was added water, and extracted with 

dichloromethane (3×). The dichloromethane layers were dried over anhydrous Na2SO4, filtered, and 

evaporated to give crude (S,S)-7n. The crude product was purified by silica-gel column chromatography 

to give (S,S)-7n in 90% yield with 99% ee. 
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To a solution of (S,S)-7n (0.20 mmol) in DCM (2.0 mL) was added TFA (1.0 mL) under Ar2 at rt 

and the reaction mixture was stirred for 2 h before concentrated in vacuo and purified by flash 

chromatography (CH2Cl2 to 5% MeOH:CH2Cl2) to yield 11 (81%) as a foamy solid. 

To a solution of 11 (0.10 mmol) in MeCN (1.0 mL) was added NaHCO3 (0.20 mmol, 2.0 equiv.) 

and I2 (0.30 mmol, 3.0 equiv.) under Ar2 and the flask was covered with aluminum foil and the reaction 

mixture stirred in the dark for 5 h before being uncovered to reveal a brown precipitate. The reaction was 

quenched with 10% Na2S2O3 and extracted with CH2Cl2 (3 x 3 mL) and the combined organics were 

washed with 10% NaHCO3 (1 x 10 mL), and brine (10 mL). The combined organics were combined and 

dried over Na2SO4 and concentrated under vacuum and purified by silica-gel flash chromatography to 

yield 12.  

 

 

(S)-2-cyano-3-(3,5-dichlorophenyl)-2-((S)-1-(3,5-dichlorophenyl)allyl)pent-4-enoic acid (11): Yield 

(81%); Pale yellow foamy solid, m.p. 86–88 °C; []25
D = 115.71 (c 0.91, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.30 (dt, J = 16.8, 1.7 Hz, 2H), 7.22 (dd, J = 19.6, 1.9 Hz, 4H), 6.79 (bs, 1H), 6.35 (ddd, 

J = 16.9, 10.1, 9.6 Hz, 1H), 6.10 (ddd, J = 16.8, 10.0, 9.8 Hz, 1H), 5.38 (dd, J = 10.1, 1.1 Hz, 1H), 5.32 

(dd, J = 10.0, 1.2 Hz, 1H), 5.25 (d, J = 16.8, 1.1 Hz, 1H), 5.20 (d, J = 16.9, 1.2 Hz, 1H), 3.85 (d, J = 9.6 

Hz, 1H), 3.80 (d, J = 9.8 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 169.2, 141.1, 140.6, 135.3, 

135.2, 132.4, 132.0, 128.6, 128.4, 127.5, 127.3, 127.2, 121.8, 121.7, 58.0, 54.3, 52.2.; HRMS (ESI+) 

Calcd. For C21H14Cl4NNa2O2 ([M+2Na-H]+): 497.9569, found: 497.9573. 

 

 

(3S,4S,5R)-4-(3,5-dichlorophenyl)-3-((S)-1-(3,5-dichlorophenyl)allyl)-5-(iodomethyl)-2-oxotetrahyd
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rofuran-3-carbonitrile (12): Yield (57%); white solid, mp 232–234 °C; []25
D = -50.14 (c 0.74, 

CH2Cl2); 
1H NMR (400 MHz, Chloroform-d) δ 7.45 (t, J = 1.8 Hz, 1H), 7.38 (t, J = 1.8 Hz, 1H), 7.24 (d, 

J = 1.8 Hz, 2H), 7.10 (d, J = 1.8 Hz, 2H), 6.30 (ddd, J = 16.8, 10.0, 9.3 Hz, 1H), 5.61 (d, J = 10.0 Hz, 

1H), 5.50 (d, J = 16.8 Hz, 1H), 4.96 (ddd, J = 9.4, 5.7, 5.5 Hz, 1H), 3.95 (d, J = 5.5 Hz, 1H), 3.72 (d, J = 

9.3 Hz, 1H), 3.36 (dd, J = 10.3, 5.7 Hz, 1H), 2.76 (dd, J = 10.3, 9.4 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 167.2, 138.5, 136.2, 135.7, 134.9, 132.5, 130.1, 129.3, 126.9, 122.9, 114.0, 80.1, 57.1, 

52.9, 52.7, -1.3.; HRMS (ESI+) Calcd. For C21H14Cl4INNaO2
+ ([M+Na]+): 601.8716, found: 601.8692. 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak ID, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 210 nm); tr = 6.00 and 8.41 min. 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three 

times. To this Schlenk tube were added [Ir(COD)Cl]2 (0.01 mmol, 5 mol %),  

bis(diphenylphosphino)methane (dppm) (10 mol %) and  anhydrous DCM (2 mL), and the reaction 

mixture was stirred for 30 min. After that, (S,S)-7n (0.20 mmol) was added in one portion under Ar2. 

Then 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (HBpin, 1.0 mmol) was added at room temperature, and 

the resulting solution was stirred overnight. The reaction mixture was quenched with MeOH (1 mL) and 

concentrated under reduced pressure. The residue was purified by silica-gel column chromatography to 

afford the product 13. 

 

 

(R)-3-(3,5-dichlorophenyl)-2-((R)-1-(3,5-dichlorophenyl)allyl)pent-4-enenitrile (13): Yield (69%); 
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Pale yellow liquid; []25
D = -62.25 (c 0.89, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 7.31 (q, J = 

1.9 Hz, 2H), 7.12 (dd, J = 8.4, 1.8 Hz, 4H), 6.11 (ddd, J = 16.9, 10.2, 9.0 Hz, 1H), 5.90 (ddd, J = 16.9, 

10.2, 8.6 Hz, 1H), 5.42 (dd, J = 10.2, 1.3 Hz, 1H), 5.33 (dd, J = 10.2, 1.5 Hz, 1H), 5.25 (dd, J = 16.9, 1.5 

Hz, 1H), 5.24 (dd, J = 16.9, 1.3 Hz, 1H), 3.54 (dd, J = 9.2, 5.4 Hz, 1H), 3.41 (dd, J = 9.3, 8.6 Hz, 1H), 

3.12 (dd, J = 9.3, 5.4 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 143.2, 142.4, 135.9, 135.64, 

135.55, 133.8, 128.2, 128.0, 126.5, 126.2, 121.0, 119.8, 117.9, 49.5, 48.0, 42.8.; HRMS (ESI+) Calcd. 

For C20H15Cl4NNa+ ([M+Na]+): 431.9851, found: 431.9860. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 

mL/min, λ = 220 nm); tr = 6.13 and 6.45 min. 

 

 

 

A flame dried Schlenk tube was cooled to rt and evacuated and backfilled with argon for three 

times. To this Schlenk tube were added [Ir(COD)Cl]2 (0.01 mmol, 5 mol %),  

bis(diphenylphosphino)methane (dppm) (10 mol %) and  anhydrous DCM (2 mL), and the reaction 

mixture was stirred for 30 min. After that, (S,S)-7o (0.20 mmol) was added in one portion under Ar2. 

Then 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (HBpin, 1.0 mmol) was added at room temperature, and 

the resulting solution was stirred overnight. The reaction mixture was quenched with MeOH (1 mL) and 

concentrated under reduced pressure. The residue was purified by fast silica-gel (inactivated by Et3N) 

column chromatography to afford the product 14. 
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tert-butyl (S)-2-cyano-3-(naphthalen-2-yl)-2-((S)-1-(naphthalen-2-yl)-3-(4,4,5,5-tetramethyl-1,3,2- 

dioxaborolan-2-yl)propyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate (14): Yield 

(71%); white solid, mp 92–95 °C; []25
D = 30.13 (c 0.76, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 

7.84 – 7.79 (m, 4H), 7.77 – 7.68 (m, 4H), 7.60 – 7.50 (m, 2H), 7.46 – 7.40 (m, 4H), 3.49 (dd, J = 12.1, 

3.2 Hz, 1H), 3.33 (dd, J = 12.0, 2.9 Hz, 1H), 2.48 – 2.32 (m, 1H), 2.11 – 2.03 (m, 1H), 1.91 – 1.70 (m, 

1H), 1.59 – 1.44 (m, 1H), 1.18 (s, 6H), 1.18 (s, 6H), 1.02 (s, 6H), 1.00 (s, 6H), 0.89 (s, 9H), 0.67 – 0.58 

(m, 1H), 0.53 – 0.45 (m, 1H), 0.42 – 0.33 (m, 1H), 0.28 – 0.18 (m, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 166.7, 136.7, 135.7, 133.3, 133.04, 133.03, 132.7, 129.0, 128.2, 128.0, 127.8, 127.6, 

127.5, 127.3, 127.21, 127.19, 125.9, 125.8, 125.74, 125.71, 125.6, 119.1, 83.3, 82.9, 82.7, 60.4, 53.6, 

52.0, 27.0, 25.7, 24.82, 24.77, 24.6, 24.5, 9.0.; HRMS (ESI+) Calcd. For C45H57B2NNaO6
+ ([M+Na]+): 

752.4264, found: 752.4269. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 220 nm); tr = 13.08 and 

18.84 min. 
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X. NMR and HPLC Data 
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XI. X-ray Structures of (S,S)-7j, (S,R,S)-8A, meso-(S,s,R)-7d, and (3S,4S,5R)-(S)-12 

 

Crystal data for (S,S)-7j: C25H25Br2NO2, Mr = 531.28, T = 296 K, monoclinic, space group P1211, a 

= 10.68950(10), b = 11.14220(10), c = 10.92190(10) Å,  = 112.4700(10) o, V = 1202.09(2) Å3, Z = 2, 

4759 unique reflections, final R1 = 0.0192 and wR2 = 0.0498 for 4773 observed [I>2σ(I)] reflections, 

Flack  = -0.016(6). CCDC 2096475 contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the 

Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 

1223-336-033; or deposit@ccdc.cam.ac.uk). 

 

 

Crystal data for (S,R,S)-8A: C29H28BrNO2, Mr = 502.43, T = 296 K, orthorhombic, space group 

P212121, a = 7.53030(10), b = 8.69550(10), c = 39.2876(3) Å, V = 2572.54(5) Å3, Z = 4, 5020 unique 

reflections, final R1 = 0.0279 and wR2 = 0.0731 for 5128 observed [I>2σ(I)] reflections, Flack  = 

-0.026(6). CCDC 2096476 contains the supplementary crystallographic data for this paper. These data 

can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge 

Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or 

deposit@ccdc.cam.ac.uk). 
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Crystal data for meso-(S,s,R)-7d: C25H25Br2NO2, Mr = 531.28, T = 296 K, monoclinic, space group 

P21/m, a = 5.982, b = 20.17050(10), c = 9.655 Å,  = 104.4620(10) o, V = 1128.058(8) Å3, Z = 2, 2075 

unique reflections, final R1 = 0.0205 and wR2 = 0.0514 for 2083 observed [I>2σ(I)] reflections, CCDC 

2096474 contains the supplementary crystallographic data for this paper. These data can be obtained free 

of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data 

Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or 

deposit@ccdc.cam.ac.uk). 

 

 

Crystal data for (3S,4S,5R)-(S)-12: C21H14Cl4INO2, Mr = 581.03, T = 296 K, triclinic, space group 

P1, a = 8.2099(3), b = 11.6051(4), c = 12.1577(5) Å,  = 87.954(3) o,  = 80.589(3) o,  = 89.897(3) o,V 

= 1142.02(7) Å3, Z = 2, 6921 unique reflections, final R1 = 0.0738 and wR2 = 0.2072 for 7558 observed 

[I>2σ(I)] reflections, Flack  = 0.001(8). CCDC 2096478 contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, 

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 
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